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Abstract. As COVID-19 restrictions are removed, instructors are faced with two 
questions: should the course be taught online, via mixed-mode, or through 
traditional methods, and what effect did online instruction have on students in the 
course in regards regarding enrolled across eight semesters of metabolism courses 
using traditional, mixed-mode, and online methods. Post-hoc analysis of a 
repeated-measures ANOVA determined that while mixed-mode outperformed 
traditional methods on metabolism exams involving introductory concepts on the 
first exam (4.47 ±4.24, p= 0.012) and on the cumulative final exam (8.15 ±4.24, 
p= <0.001), traditional methods were superior to both mixed-mode (9.21 ±4.24, 
p= <0.001) and online methods (6.37 ±5.76, p= 0.006) at teaching alternative 
pathways of metabolism and lipid, nucleotide, and amino acid synthesis pathways. 
All methods showed poor student scores on glycolysis, TCA cycle, oxidative 
phosphorylation topics. Online methods performed nearly equally to mixed-mode, 
though there was not a significant difference on the first exam’s content as was 
found with mixed-mode. It is evident that, based on this study, a different 
approach to teaching basic central metabolic cycles such as glycolysis, the TCA 
cycle, and the electron transport chain is necessary to improve student 
understanding of these topics. 
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With regulations on instruction during COVID-19 relaxing, instructors of upper-level 
undergraduate science courses like microbial metabolism are faced with two major 
questions: how did COVID-19 impact the education of students and how should 
teaching transition from online instruction now that COVID-19 no longer requires 
instruction to be fully online?  
 
It is no surprise that COVID-19 has had dramatic effects on instructor perception 
and teaching approaches: teachers are often not seeing online instruction as 
beneficial, there are increased feelings of burnout, and there are difficulties in 
transitioning to online teaching (Abdelmola et al., 2021; Daumiller et al., 2021; 
Dietrich et al., 2020). This difficulty was similarly felt by students, with questions of 
accessibility for students with disabilities, psychological health, and the influence of 
diverse backgrounds on learning all making teaching STEM a challenge (Gin et al., 
2021; Yu, 2021; Hasan & Bao, 2020; Lynn et al., 2020). Undergraduates have been 
shown to have decreased participation and engagement in college science courses 
before the pandemic; this has only gotten worse during the pandemic (Wester et 
al., 2021; Perets et al., 2020). Even with attempts to adapt biochemistry and 
metabolism courses to novel online instruction, there are reports that some 



Traditional, Mixed-Mode, and Online Instruction for Microbial Metabolism  
 

Journal of Effective Teaching in Higher Education, vol. 6, no. 1 

82 

methods have not been effective or have been inconclusive to improving student 
outcome (Ossai et al., 2020).  
 
Despite these negatives, however, there have been multiple successes with 
instruction for biochemistry and metabolism courses switching to online formats 
(Kapil et al., 2021; Contreras-Rodríguez et al., 2020). With effective preparation 
and successful activities to apply biochemistry course content, there is research 
showing that students can perform just as well online as face-to-face instruction 
(Keppetipola & Patchen, 2021). Even the laboratory content of biochemistry was 
shown to effectively be performed in online formats without having students 
experience gaps in knowledge (Costabile, 2020; Zewail-Foote, 2020). Successful 
strategies have included instructors and teaching assistants being available for 
students to assist in biochemistry, encouraging participation and collaboration 
amongst the students, and being prepared with strategies adapted to online 
teaching (Procko et al., 2020). Despite the negatives introduced by the COVID-19 
pandemic, there is evidence supporting that metabolism and biochemistry courses 
may be viable in an online format. 
 
Conflicting ideas presented here call for an investigation as to how student scores 
were affected in metabolism courses when taught fully online versus different 
instructional methods of the past. This question is important for instructors as they 
transition away from the online-only courses during COVID-19. Instructors are 
faced with either continuing to teach online-only, going back to traditional methods 
of instruction, or trying less commonly used mixed-mode approaches. This scenario 
offers a prime opportunity for instructors to explore different teaching methods. 
Unfortunately, the conflicting research surrounding each method of instruction 
(traditional, mixed-mode, and online instruction methods) as well as the lack of 
studies concerning online instruction for such high-level undergraduate sciences 
makes this question a difficult one for an instructor to make. 
 
While instructors may be familiar with online methods of instruction due to the 
recent pandemic or traditional teaching methods using lectures before the 
pandemic, the term mixed-mode may be less known. Mixed-mode is a method of 
instruction which provides approximately half of class time online and half of class 
time in person, acting as a sort of mix between traditional in-person instruction and 
online methods of teaching. Though there are several approaches to this method of 
instruction, arguably the most common structure is that of a flipped classroom: 
students learn lecture material delivered online, read their textbooks or readings, 
and listen to videos outside of class while in class, students apply the information 
using active learning collaborative activities (Sajid et al., 2016). Flipped classroom 
mixed-mode designs have shown gains in student problem-solving skills in upper-
level sciences, higher scores, and more preparation of students (Klegeris, 2020; 
Styers et al., 2018; Gross et al., 2015). Regarding metabolism and biochemistry 
courses specifically, students have higher grades, difficult concepts have been 
better understood by students, and students have improved upon their cooperative 
learning abilities (Ren et al., 2020; Francis et al., 2020; Jafarkhani & Jamebozorg, 
2020; Ojennus, 2016). With research supporting mixed-mode approaches like this, 
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a switch to mixed-mode instruction methods for teachers of metabolism courses 
stands as a valid choice. 
 
Traditional lecturing also is a method many instructors are used to, and most 
certainly will be a comfortable pick for instructors returning to teaching in 
classrooms without COVID-19 restrictions. One may argue that this method has 
been the most used form of teaching biochemistry and metabolism courses, and 
thus, it makes little sense to change what has been used in the past. For instructors 
wishing to branch off from lectures alone, beneficial results have been seen when 
instructors using traditional lecture teaching give short activities between lectures 
to check for student understanding (Ghorbani & Ghazvini, 2016; Miller et al., 2013). 
Instructors of metabolism courses can use online technology to enhance their 
traditional lecture content, allowing students to further increase understanding of 
lectures without requiring a change to another teaching method (Henly & Reid, 
2001). Traditional lectures combining technology may best for metabolism 
education post-COVID-19, but this is ultimately something future research will 
examine.  
 
Ultimately, instructors are left confused as to which instruction method to use as 
more questions arise from research than answers. One problem concerning 
research in different methods of instruction is that of consistency, as an overall 
increase in student gains from mixed-mode methods does not in itself mean that all 
metabolism topics are best taught in that format. Another problem arises choosing 
between traditional or online instruction: how does online instruction differ from the 
traditional lecture-based approach of the past, and is it viable to continue teaching 
metabolism courses online?  
 
This study wishes to answer these questions. First, this study wishes to evaluate 
multiple semesters of data of students enrolled in undergraduate metabolism 
courses to understand which instructional method produces better scores for 
students. Second, the effect of COVID-19 online-only instruction will be evaluated 
to see if scores differ markedly from mixed-mode and traditional instructional 
methods; this will help instructors understand the effect COVID-19 had on student 
understanding of metabolism concepts. Finally, this study explores whether each 
teaching method is consistently better or worse for teaching metabolism topics 
based on performance on exams. 
 

Methodology 
 
Student participants from eight semesters of microbial metabolism were chosen for 
analysis. All eight semesters were taught by the same instructor at the same 
university. By choosing multiple semesters, data from both spring and fall was 
included, therefore limiting influence of the time of the course as a factor in student 
scores. Two of the eight semesters were taught using a traditional teaching method 
(N= 367), three semesters were taught with a mixed-mode method (N= 429), and 
three semesters were taught using an online method of instruction during the 
COVID-19 pandemic (N= 152). In total, 948 students’ scores on each of the four 
exams were used for analysis.  
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The semesters used for analysis included fall semester and spring semester 
metabolism courses to help eliminate time of semester instruction as a factor in 
student score. Additionally, students were only included if there was an exam score 
available for all four exams, meaning that students who withdrew from the course 
were not included for analysis. Semesters taught during COVID-19 had markedly 
lower student enrollment and smaller class sizes in an online environment. More 
semesters would have been used for analysis to help balance the number of 
students being compared to be more equal across the three instruction method 
groups if possible, however, online-only education during COVID-19 was restricted 
to those semesters alone. 
 
All microbial metabolism semesters had four exams covering the same learning 
objectives. The same question bank was consistently used across all semesters to 
preserve comparability. Each exam had the same number of questions in every 
semester to make the scores more comparable as well. In person exams were 
proctored by the instructor and teaching assistants and online exams were 
proctored by proctoring software that locks down the exam takers browser and 
video monitors them during the exam. Exam 1 content covered basic 
microorganism introductory material and review content from prerequisite science 
courses. Exam 2 content covered central metabolism including enzymes, reactions, 
and substrates involved in glycolysis, the TCA cycle, and oxidative phosphorylation. 
Exam 3 covers alternative pathways of metabolism as well as pathways for lipid, 
nucleotide, and amino acid synthesis. Exam 4 is the final, cumulative exam of the 
course with content from all previous exams as well as additional metabolic 
pathway content and quorum sensing not covered in exam 3.  
 
All student grade data was collected with approval by an IRB, with grade data being 
de-identified before analysis. All data analysis and interpretation was performed by 
a separate researcher than the instructor to limit bias in interpretation. The course 
instructor always included an extra-credit question on each exam, allowing the total 
score on each exam to be slightly above 100%; this was consistent across all 
semesters. Beyond this, the lowest exam score (except the final exam, exam 4) 
was always dropped from a student’s final grade calculation in each semester. This 
lowest score dropping caused students to ultimately get a zero on some exams on 
purpose as they were aware of the dropped score. These zeroes were viable grades 
for statistics and as such were still included in the analysis. 
 
To consistently teach each instructional method, the curriculum for each method 
was developed and used the same way for each semester. At the university where 
this study was conducted, the metabolism course used one of two schedules: 
classes on Monday, Wednesday, and Friday for a 50-minute periods, or classes on 
Tuesday and Thursday for a 75-minute periods. The course was taught using one of 
these two options depending on the semester that the course was taught. The 
traditional method used every class time for lectures taught by the instructor of the 
course. For the mixed-mode method semesters, a flipped classroom approach was 
used modeling previous research (Johanson, 2017). There would be one day in 
which class was online where students would watch pre-recorded lectures and take 
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a quiz on the content. The following day of the class was taught in person in which 
students applied the learned material from online to scenarios and activities.  
 
Instruction during COVID-19 was entirely online. Students had online lectures on 
half of the days and online collaborative activities applying the material on the 
other half. As COVID-19 progressed, literature on effective methods of instruction 
for biochemistry education online were considered (Lapitan Jr. et al., 2021). This 
approach also included the collaborative aspect to improve student biochemistry 
outcomes, increase positive perception of the course, and make the online 
environment more akin to what it would be like if the course were in person 
(Wilson, 2021; Fernández-Santander, 2008). Lecture content for the online course 
was mainly pre-recorded videos, allowing them to start or pause the videos 
according to their needs. This also gave students a resource to refer to when 
studying the material. 
 
A repeated measures ANOVA was performed comparing grades on each of the four 
exams across each of the students enrolled in traditional, mixed-mode, and online 
semesters. Results compared between the groups provides evidence supporting 
whether a difference exists between the teaching methods as well as whether that 
difference is consistent across all exams in the course. The repeated measures 
ANOVA was checked for assumptions with Mauchly’s test, and a type III sum of 
squares design was used when performing the repeated measures ANOVA. 
Regarding post-hoc analysis, the Holm method was used. 
 
In addition, a separate average for each exam was found to see how students 
perform on metabolism exams. This analysis was designed to highlight the topics 
most missed by students overall, making it easier for instructors to identify 
necessary changes. 

Results 

Upon analysis of the results via repeated measures ANOVA, Mauchly’s test of 
sphericity indicated a violation, Χ²(5)= 405.60, p= <0.001. To compensate for this, 
a Greenhouse-Geisser correction was applied. The repeated measures analysis of 
variance with a within-subjects factor of semester instruction method (traditional, 
mixed-mode, online) and a between-subjects factor as exam (exam 1, exam 2, 
exam 3, exam 4) summarized in table 1 and table 2 showed semester instruction 
method had an effect on exam score F(2, 4.89)= 29.13, p= <0.001, η²p= 0.06. 
Descriptive statistics are summarized in table 3 and represented in boxplots in 
figure 1. 
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Table 1 

Between Subjects Effects 

Cases  Sum of Squares  df  Mean Square  F  p  η²  η² p  
Semester   1079.69   2   539.84   0.83   0.44   8.38e -4   0.002   

Residuals   614478.22   945   650.24             
 

Note: Type III Sum of Squares. 
 

Table 2 

Within Subjects Effects 

Cases  Sphericity 
Correction  

Sum of 
Squares  

df  Mean 
Square  

F  p  η²p  

Exam   Greenhouse-
Geisser  

 67551.68   2.44   27657.84   112.05   < .001   0.11   

Exam ✻ 
Semester  

 Greenhouse-
Geisser  

 35119.17   4.89   7189.46   29.13   < .001   0.06   

Residuals   Greenhouse-
Geisser  

 569697.58   2308.07   246.83           

Note: Type III Sum of Squares. ᵃ Mauchly's test of sphericity indicates that the 
assumption of sphericity is violated (p < .05). 
 

Table 3 

Descriptive Statistics by Instruction Method 

Exam Semester Mean SD N 
1 Mixed-Mode  81.59 12.92 429 
 Online  80.88 14.25 152 
 Traditional  77.13 15.95 367 
2 Mixed-Mode  67.66 19.29 429 
 Online  68.16 19.20 152 
 Traditional  67.81 23.98 367 
3 Mixed-Mode  68.63 20.57 429 
 Online  71.47 14.92 152 
 Traditional  77.84 19.14 367 
4 Mixed-Mode  71.78 14.26 429 
 Online  71.82 14.33 152 
 Traditional  63.63 16.26 367 
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Figure 1 

Boxplots 

 
Note: Data is divided based on exam number and compares the different results of 
each method of instruction. 
 
Post hoc analysis results are summarized in table 4. A post hoc analysis with Holm 
correction showed that exam scores on exam 1 were higher for participants taught 
using mixed-mode instruction versus traditional instruction (4.47 ±4.24, p= 0.012), 
but exam scores did not differ significantly between traditional and online 
instruction nor between mixed-mode and online teaching. No significant differences 
were found with exam 2 scores between semesters. Exam scores on exam 3 were 
lower for participants taught using mixed-mode instruction versus traditional 
instruction (9.21 ±4.24, p= <0.001) and were lower for participants taught using 
online instruction versus traditional instruction (6.37 ±5.76, p= 0.006). Exam 3 
scores did not differ significantly between mixed-mode and online instruction (p= 
1.000). Exam scores on exam 4 were higher for participants taught using mixed-
mode instruction versus traditional instruction (8.15 ±4.24, p= <0.001) and were 
lower for participants taught using online instruction versus traditional instruction 
(8.19 ±5.76, p= 0.006). Exam 4 scores did not differ significantly between mixed-
mode and online instruction. 
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Table 4 

Post Hoc Analysis 

   95% CI: Δ Mean    

Group 1 Group 2 
Δ Mean 
(Group 2- 1) Lower Upper SE t p Holm 

Exam 1        
Mixed-
Mode 

Online 0.71 -4.92 6.34 1.67 0.43 1.00 

 Traditional 4.47 0.22 8.71 1.26 3.55 0.01* 
Online Traditional 3.76 -2.00 9.51 1.71 2.20 0.50 
Exam 2        
Mixed-
Mode 

Online 
-0.49 -6.13 5.14 1.67 -0.30 

1.00 

 Traditional -0.14 -4.39 4.10 1.26 -0.11 1.00 
Online Traditional 0.35 -5.40 6.11 1.71 0.21 1.00 
Exam 3        
Mixed-
Mode 

Online -2.84 -8.47 2.80 1.67 -1.70 1.00 

 Traditional -9.21 -13.45 -4.97 1.26 -7.32 <0.001* 
Online Traditional -6.37 -12.13 -0.62 1.71 -3.73 0.006* 
Exam 4        
Mixed-
Mode 

Online 
-0.04 -5.67 5.59 1.67 -0.02 

1.00 

 Traditional 8.15 3.90 12.39 1.26 6.47 <0.001* 
Online Traditional 8.19 2.43 13.94 1.71 4.80 <0.001* 

Note: *p= <0.05 
 
To determine how students overall performed on each exam all 948 students were 
combined into a single group, and an average exam score and standard deviation 
for each exam was found. Findings are summarized in table 5. Overall, students 
performed worst on exam 2 (M= 67.80, SD= 21.20). Exam 4 scores were overall 
low as well (M= 68.63, 15.58). This lower score may be due to the cumulative 
nature of the exam, as it covered all content of the course. Students who already 
failed a previous test or who did not understand a section previously most likely 
struggled with those same subjects when they appeared on the final, exam 4. Exam 
1 had the highest overall average (M= 79.75, SD= 14.51) which is unsurprising 
considering the prerequisite information included on this exam. Exam 3’s average 
score was 72.65% (SD= 19.65). Overall class grades were not used for statistical 
analysis; while the exams were graded the same way during all eight semesters, 
there were additional pre and post quizzes, extra assignments, and other 
differences in grading the course during mixed-mode and online semesters which 
may have artificially inflated the final grades of the students. By comparing exams 
rather than final grade in the class, this variable is eliminated, and only the exams 
that were consistent across all semesters were considered. 
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Table 5: 

Descriptive Statistics with All Students Combined 

   Exam 1  Exam 2  Exam 3  Exam 4  
N   948  948  948  948  

Mean   79.75  67.80  72.65  68.63  

Std. Deviation   14.51  21.20  19.65  15.58  
 

 
Discussion 

 
To answer the central questions of this study, an examination of two ideas was 
necessary. Firstly, which instructional method or methods achieved higher scores 
compared to others on each exam of the microbial metabolism course? Secondly, 
did students consistently get higher scores in that instructional method across the 
different exams of the course compared to other methods, or was the instructional 
method inconsistent in generating better scores across the four exams of the 
microbial metabolism course? 
 
Results indicate that, rather than being consistently higher in score across all 
exams, instruction using mixed-mode methods produced higher scores on two of 
the four exams of the microbial metabolism course when compared to traditional 
instruction. Mixed-mode instruction outperformed traditional instruction on exam 1, 
the test covering basic microorganism introductory material and review content 
from previous science courses, and exam 4, the cumulative final exam with 
additional metabolism concepts not covered in exam 3. Interestingly, online 
instruction was closer to the average score found with traditional teaching, though 
it was not significantly different from either traditional instruction (p= 0.50) or 
mixed-mode instruction (p= 1.00). This establishes evidence towards mixed-mode 
teaching being effective at introducing basic microbial metabolism concepts in exam 
1 as well as being a positive influence on reviewing past prerequisite material 
covered on the first exam of the course in comparison to online or traditional 
teaching. Exam 4, which reviewed all content of the course with a final exam plus 
additional metabolic processes, similarly showed that mixed-mode teaching 
produced better results on exams compared to traditional teaching. Exam 1 and 
exam 4 were both associated with reviewing past content (either from before the 
course as is the case with exam 1 or the entire semester’s content with exam 4), so 
results may support mixed-mode teaching serves a beneficial purpose in reviewing 
content. 
 
Although mixed-mode teaching overall outperformed traditional instruction on half 
of the exams of this study, the other exams show a problematic result. Regardless 
of method, students performed the same on exam 2 (central metabolism including 
enzymes, reactions, and substrates involved in glycolysis, the Kreb’s cycle, and 
oxidative phosphorylation). This was the only exam with an average score of 
between 60-69% for all three methods. Results suggest one of two conclusions as 
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to why teaching method did not change student score. Firstly, the mixed-mode 
approach to teaching basic metabolic cycles may not be effective in the form it is 
being taught and if it were modified, it could possibly show higher scores. Another 
possible conclusion is that central metabolism cycles are consistently difficult to 
teach regardless of teaching method. 
 
Exam 3 showed the inverse of what occurred with exam 1 and exam 4, with 
traditional teaching methods leading to higher scores compared to the scores found 
when teaching with mixed-mode methods (p= <0.001). Exam 3 covered topics 
including alternative pathways of metabolism as well as pathways for lipid, 
nucleotide, and amino acid synthesis; this raises a question as to what made the 
traditional teaching more effective compared to mixed-mode teaching when 
teaching these topics. As these metabolic processes are complicated with many 
steps, it may be that more guidance from instructors is necessary. The self-directed 
active learning of the mixed-mode course may either not be effectively applying 
these concepts, or the approach of mixed-mode teaching may not have enough 
teacher guidance to be effective with students. 
 
Online teaching during the pandemic produced approximately the same scores as 
mixed-mode, performing better than traditional methods on exam 4 and performing 
worse than traditional methods during exam 3. Strangely, exam 1 did not show a 
large enough difference in mean score to be substantially different from traditional 
methods (p= 0.502) despite the mean average online score on exam 1 being 
higher. Regardless of this finding, online instruction managed to have students with 
higher scores than student scores during traditional methods on exam 4 by 8.19% 
(p= <0.001). Despite the forced transition to online instruction, students were able 
to perform on-par or better than students who were taught by traditional and 
mixed-mode methods (except in exam 3, which students had higher scores when 
taught with traditional methods). Students taught with online methods performed 
most like those taught with mixed-mode methods. Though it may be due to the 
similarity with mixed-mode and online instruction which led to their close results, 
an alternative explanation may be the increased withdrawals from the semesters 
taught online during COVID-19. With a higher-than-normal withdrawal rate from 
the microbial metabolism course, some of the lowest scoring students never 
completed the course and therefore did not have exam results available to compare 
in this study; this may have influenced the results in the online semesters.  
 
Synthesizing the data from this study, one sees that despite mixed-mode 
instruction outperforming other methods on half of the exams of the microbial 
metabolism course, it is inconsistent in its effectiveness for certain exam topics. An 
alternative explanation may be that the approach used by the instructor was a poor 
way of adapting that teaching method. For example, the mixed-mode and online 
teaching may have both been taught in a similar, ineffective way for the material 
covered on exam 3. Changes to the activities performed in the mixed-mode courses 
or modifications of online instruction may be necessary to improve the results. The 
opposite issue may have made the traditional method of teaching less effective on 
exam 1 and exam 4: traditional instructional methods may just have been poorly 
performed by the instructor rather than being the traditional method itself being 
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problematic. As this study used 948 students across eight semesters, this problem 
was hopefully mitigated. 
 
Exam 2, which covered basic central metabolism cycles and topics, produced the 
same results across all teaching methods. Combining all student scores across all 
teaching methods together and finding the average score of students, exam 2 had 
the lowest average score as well (67.80%). It is evident that a different approach 
to teaching basic central metabolic cycles such as glycolysis, the TCA cycle, and the 
electron transport chain is necessary to improve student understanding of these 
topics. 
 

Conclusion 
 
Mixed-mode instruction for upper-level sciences for undergraduates is commonly 
seen as the more effective method of teaching compared to traditional teaching 
regarding overall student achievement, but just having an overall better outcome 
does not mean that mixed-mode is consistently better throughout an entire 
semester of teaching. The results of this study suggest that while mixed-mode 
instruction produced the strongest scores of students in the first and last exams of 
the microbial metabolism course, it was not effective at teaching alternative 
pathways of metabolism and pathways for lipid, nucleotide, and amino acid 
synthesis compared to traditional teaching methods during the two exams in the 
middle of the course. Rather than suggesting that mixed-mode instruction is the 
optimal teaching method for microbial metabolism, results of this study suggest 
either changing the method of instruction from mixed-mode to traditional 
depending on the subject material of an exam or improving on the teaching 
approach when covering topics of metabolic cycles such as glycolysis, the Kreb’s 
cycle, and alternative metabolic pathways to change the average or poor results 
seen in scores on exam 2 and exam 3. There is merit to using traditional instruction 
for certain metabolism concepts that should not be disregarded. An approach to 
teaching which embraces traditional teaching at some points, such as when 
alternative pathways are taught, and mixed-mode teaching at other points, such as 
at the start and end of the course, should be explored in future research. 
 
With central metabolism cycles being so challenging for students, research prevents 
several novel approaches to help students learn the material more effectively. 
Some research-supported approaches have included interactive arts-and-crafts type 
activities to learn steps of metabolism, metabolic cycle board games, or interactive 
physical games (França & Campos, 2021; Fishovitz et al., 2020; Rose, 2011). 
Alternatively, a case-based approach may work, as it connects the individual steps 
of metabolic cycles to real-world medical conditions and has been shown to be 
effective for learning biochemistry and metabolism (Thibaut & Schroeder., 2022; 
García-Ponce et al., 2021; Joshi et al., 2014; Kulak & Newton, 2014; Nair et al., 
2013). Beyond this, additional media and representation methods can help cement 
student understanding of metabolic cycle content (Long et al., 2021; Wikandari et 
al., 2021). While it is unclear why students performed the worst on the exam 
covering these metabolic cycles, there may be individual student factors which can 
explored to improve understand of processes like the electron transport chain 



Traditional, Mixed-Mode, and Online Instruction for Microbial Metabolism  
 

Journal of Effective Teaching in Higher Education, vol. 6, no. 1 

92 

(Darabi et al., 2015). Perhaps game-based learning, different active learning 
methods, or other ideas may be explored for this purpose. The proposed ideas here 
offer different approaches for instructors to pursue in their transition back to 
normal teaching after the COVID-19 pandemic.  
 
While the online semesters during COVID-19 managed to still do better than 
traditional instruction methods on the final exam, the same effect that mixed-mode 
instruction had compared to traditional was not as apparent on exam 1. The cause 
of this remains a question, though this study provides some evidence supporting 
that online teaching of microbial metabolism did not substantially lower student 
scores. It is possible that students performed worse in the prerequisite courses for 
microbial metabolism during COVID-19, with their foundational knowledge covered 
on exam 1 less than that of students in other semesters. While not effecting the 
first semester of online instruction, it influenced the other semesters of online 
instruction. 
 
Regardless of these results, it is the instructor’s decision as to how different 
teaching methods are used in the classroom. Whether traditional methods or 
mixed-mode methods are adopted, an approach bringing in active learning, 
technology, or fun methods of approaching metabolism should be explored. Giving 
up on traditional methods or fully switching to mixed-mode is not what this study 
suggests; instead, there is a need to be more open to adaptability. Twenty-first 
century skills are expected from students, and it is up to instructors to bridge the 
gap in their science courses and use mutability in instruction to supply that need.  
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