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Introduction: It is beneficial for all biomedical track courses to train students
early in their educational career in reading biomedical literature. A shortcoming
of many biomed track courses during undergraduate education is that laboratory
techniques necessary for fully understanding further reading of biomedical articles
are not part of courses early in the curriculum. To bridge this gap, an educational
investment is needed that will create confident and competent readers of scientific
biomedical literature. All consecutive courses in the biomedical track may benefit
from such an investment. Probably, the nescience of techniques needed for
protein detection, which are part of virtually all composite figures in cell biological
articles, forms the basis of such a gap. Activating forms of education were shown
to be effective and are increasingly implemented in higher education.

Methods: Here, the implementation of a flipped classroom approach for
explaining ELISA, Immunohistochemistry, Western Blotting and flow cytometry as
four common basic protein detection methods is described. The successfulness
of the educational approach was assessed in the exam, where a comparison
was made between the experts’ and receivers’ grades. Students gave feedback
on whether this method made them more confident and competent readers of
biomedical literature.

Results: Experts on the four techniques were successful in conveying their field of
expertise since exam performances on the specific techniques were equally good
between experts and receivers. The flipped classroom activity made students
more confident (65% agreed vs. 18% disagreed) and more competent (79% agreed
vs. 12% disagreed).

Conclusion: A simple and time-efficient intervention early in their educational
career, using a flipped classroom approach has resulted in self-reported confident
and competent readers of scientific cell biological literature.

flipped classroom, molecular cell biology, protein detection methods, undergraduate,
ELISA, flow cytometry, Western blotting (WB), immunohistochemistry
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1. Introduction: background and
rationale for the educational activity
Innovation

Teaching Molecular Cell Biology is the teaching of life at its
fundamental aspects. How do cells integrate signals from the outside
world, how do cells respond, and what are the internal cellular
specifics of response? One could teach such a course by only using
educationally well-designed and thorough textbooks such as Essential
Cell Biology (Alberts et al., 2019). However, one can only understand
cell biology when focusing on the ‘How do we know’ question,
bringing along the history of science, the experiments that were
crucial in the elucidating of mechanisms and cell biological insights.
As a bridge to the novel world of discoveries made at the cell biological
level, students should be encouraged to take the next step: to read for
themselves and explore current articles from higher journals, such as
Cell, Nature and Science. In my decade-long experience of teaching
Molecular Cell Biology, I have noticed that there is a threshold to
be taken by undergraduate students for actively reading biomedical
literature. Since cell biology is a very visual science with its
micrographs, blots and bar diagrams, students should become more
confident and competent in analyzing figures and concepts from these
journals. This can only be achieved when knowledge is deepened and
interpretative skills are developed on the figures that are presented. As
a consequence, students should be familiarized with the techniques
that detect nucleic acid sequences and proteins. For the latter, one
could focus on the most common ones: ELISA, Western blotting,
immunohistochemistry and flow cytometry.

2. Background of the course

Molecular Cell Biology is taught in the first semester of the
second year at Amsterdam University College (AUC). AUC is an
international, English-taught honor’s bachelor college. Molecular
Cell Biology is a 200 level course and is a prerequisite for the
biomedical track. Entry requirement was successful completion of
the first-year course “Introduction to Biology” or “Human body 1.’
Most of the enrolled students pursue a career in medicine or
biomedical sciences. It is a full semester (September-December), 6
European Credits (EC) course, where 1 EC=a study load of 28h,
with two times 2hours of class per week. Each class contains a
maximum of 25 students, the course is given to two groups of
students. Chapters from Essential Cell Biology (Alberts et al., 2019)
are leading and account for approximately 75% of the classes.Classes
also focus on what is not explicitly mentioned in the book, like cell
biological models and methods to detect nucleic acids and proteins.
Students commit to five assignments: three exams (each 22% of the
final grade), a presentation (14% of the final grade) and an essay
(20% of the final grade) on a cell biological topic (De Vries, 2021).
The latter two assignments are performed by duos. The course is
taught within the biomedical track, where courses like Immunology,
Infectious Diseases, courses on Anatomy, Epigenetics,
Bioinformatics, Cancer Biology, various Neurology courses and lab
courses like Molecular techniques and Cell Physiology Lab (De Vries
et al., 2019) prepare students for admittance to follow-up Master’s

degrees in biomedical sciences and for a career in medicine. One the
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three learning outcomes is linked to competence and confidence in
reading scientific literature: “The student is able to apply the
fundamental knowledge of cell biology and molecular techniques to
critically evaluate scientific literature” The positioning of Molecular
Cell Biology in the first semester of the second year makes it a
strategic place for making competent and confident readers of
biomedical literature. Students will then benefit from this for all
subsequent courses in the biomedical track.

3. Pedagogical framework(s),
pedagogical principles, competencies/
standards underlying the educational
activity

3.1. The flipped classroom

Flipped classroom is an educational method of activated learning.
Instead of frontal, teacher-guided lessons, students are responsible for
preparing (learning) and teaching the other students about what they
have learned. The role of the teacher is rather that of a coach; meaning
that students are much more engaged in the course (Farmer, 2018).
A full cycle of the flipped classroom method contains pre-class
preparation, in-class activities, after-class activities and student
assessment of learning (Persky and McLauglin, 2017). According to
a recent meta-analysis, student perceptions about this method are
generally positive (Chen et al., 2017), albeit that the effectiveness is
inconclusive in the same meta-analysis (Chen et al., 2017). Another
meta-analysis reported that flipped classrooms significantly improved
students’ learning compared to traditional teaching methods in
health profession education (Hew and Lo, 2018).

4. Learning environment; learning
objectives; pedagogical format

Since one of the learning objectives was to make more competent
and confident readers of cell biological literature at the level of reading,
Cell, Nature and Science articles, I decided to spread and spend class-
time for achieving this learning objective during several occasions
spread over the semester, since repetition of a concept is important for
internalization (Trninic, 2018; Wiggins et al., 2021). In fact, one could
distinguish three steps of making students confident and competent
readers of cell biological literature They are listed below (4.1-4.3) and
as a flow-diagram (Figure 1).

4.1. What are the requirements for a cell
biological presentation and essay?

Confidence and competence in reading cell biological literature
is immediately applied in my course, since students have an essay
assignment within the course, with a deadline at the end. AUC
students are taught to present during Academic Writing Skills, a first
year course. Within my course, I prepared students for one hour to
further develop their specific academic writing, tailored to molecular
cell biology. In an interactive session, I persuaded them to think out

frontiersin.org


https://doi.org/10.3389/feduc.2023.1144010
https://www.frontiersin.org/journals/education
https://www.frontiersin.org

de Vries 10.3389/feduc.2023.1144010

| 1. Specifics for a cell biological essay and presentation I | Interactive class: slides, students in the lead

| 2. Flipped classroom approach on laboratory techniques | Students:
- Preparein groups,
- Present to each other

| 3. Explain figure of a research article Students randomly allocated in groups
- Preparationtime for explainingone figure
- Present the figure as a group

FIGURE 1

were undertaken over time to make confident and competent readers.

Three steps of making students competent and confident readers of cell-biological literature. Diagram show the three steps (paragraphs 4.1-4.3) that

Flow cytometry

T

e

Western blotting Immunohistochemistry
receiver receiver
ELISA
receiver
FIGURE 2

Expert group conveying there expertise. Expert groups of ELISA,
Western blotting, immunohistochemistry and flowcytometry were
formed. Expertise was conveyed to the non-experts in a 20 min
presentation. An example is shown of the Flowcytometry group
presenting to the others, but vice versa, the ELISA,
Immunohistochemistry and Western blotting teams took turns to
present as expert group.

loud about what is specifically required for a Molecular Cell Biology
presentation of 12 min and a Molecular Cell Biology essay of 1,500
words. Together, the group came up with aspects like: show
integration of research data, try to keep it simple, reduce and present
only essentials of the very composite figures of Cell, Nature and
Science papers. Furthermore, cell biological literature is full of
abbreviations that have to be addressed and explained to a layman
audience with some experience in cell biology. Another pitfall is the
use of schemes with too dense information that is probably not all
relevant for a presentation or essay. I advised my students to keep it
simple, otherwise the main message would not come across (Gillen,
2006). I also explained that the 1,500 word essay should NOT
be written in a review-article-style, and instructed the students to
describe the specifics (Round and Cambell, 2013) of up to three
research articles and link these. A special assignment on the research
question was posted at 1/3 of the semester with a go/no-go and
comments by me were posted on Canvas. Each duo had to phrase a
research question that applied to both the presentation and the essay.
Within this assignment, at least three research papers had to
be shown. Students were given time to read the rubrics, followed by
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ranking three anonymized essays from previous years and a short
debate on why they were ranked as such.

4.2. Flipped classroom design for learning
about protein detection techniques

Students were instructed in a 17 min short clip with PowerPoint
slides on the purpose of the flipped classroom: to learn about the
various protein detection techniques. For all techniques, a short video
clip from the internet and a mind map with terms that are relevant to
the technique was provided. Groups of 6 students were randomly
formed per technique by the instructor and students had to finish an
unfinished PowerPoint presentation on ELISA, Western blotting,
Immunohistochemistry or Flowcytometry. A presentation of 20 min
by the experts to the receivers had to be prepared for the next class.
Each presentation had to contain the following:

- Explain the principle. Feel free to use videos from the internet.

- When would you use your technique?

- Find an example in the scientific literature and present.

- Write a little narrative on one PowerPoint slide that includes all
terms provided in the mind map.

Students presented in groups of 6 as experts on the technique
(Figure 2) and the non-experts were encouraged to ask questions after
the presentation.

The exam had one larger question on the protein detection
techniques, results per technique were analyzed per expert and per
receiver/non-experts (t-test).

4.3. Practice presentation of cell biological
figures

It is important to practice in showing scientific data. After a
presentation on the strengths and limitations of cell biological
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methods, students were divided into six groups to prepare a short,
one-or-two minute presentation on the six figures from an article
on bone-marrow-on-a chip (Sieber et al., 2018). The figures were
added in a PowerPoint presentation where students indicated the
essence of the images. Figures were on a graphical abstract of the
study design, on qPCR results (what is the logic of choosing these
what
immunohistochemistry (why was it important for the authors to

genes, is a housekeeping gene), results on
show these proteins), colony forming units of hematopoietic cells
(what is the principle here?) and flow cytometry data (without any
advanced knowledge about this technique: what is shown here

and why?).

5. Results to date/assessment
(processes and tools)

5.1. Construction and outcomes of the
exam

To test the knowledge of all techniques in the exam, an equal
point distribution of 4 points on each of the techniques was assigned.
The questions were on (a) recognizing and being able to describe the
application of the various specific terms. Studying the mind map per
technique would help here (6 out of 16 points, 1.5 point per
technique). Examples were: HCl for stopping ELISA, forward scatter,
being cell size aspect in flowcytometry, tissue section for staining
tissue in immunohistochemistry and SDS for equal negative loading
of proteins in western blot. In a “Keeping control” question (b) the
various positive and negative controls per technique were asked (2
out of 16 points, 0.5 point per technique). Finally, (c) for applying,
various insight questions were asked per technique (8 out of 16
points, 2 points per technique).

I hypothesized that if the flipped classroom was successful in
getting all aligned for the protein detection techniques, the experts
would score as well in the exam as the receivers. Results are shown
in Figure 3. No significant differences were observed between the
experts and receivers for any of the techniques, demonstrating that
the learning of the experts was as good as the learning of
the receivers.

10.3389/feduc.2023.1144010

5.2. Flipped classroom-learned protein
detection techniques makes more confident
and competent readers of molecular cell
biological scientific literature

Finally, students were asked questions about the various aspects
of activating class work in a questionnaire with 1-5 Likert scale
questions (Table 1; Figure 4) during a mid-term evaluation. Students
voluntarily filled-out the questionnaire, identity of students was not
tracible. Furthermore, filling out or not had no repercussions. It also
included feedback on a qPCR calculus session (question 1) with real
research results. In general, most students scored the higher ticks of
the 5-point Likert scale with 4 (agree) and 5 (strongly agree) for all
questions (Table 1; Figure 4). The final goal, that knowledge on the 4
protein detection techniques and an interactive workshop on qPCR
has made students more confident (question 4) and more competent
(question 5) in reading cell biological scientific literature was
achieved, since these questions got a positive reply of 23/35 or 65%
for confidence and 26/34 or 79% for competence. In the open
question “What have you found to be most useful in class?” 6
students replied: focus on techniques, 7 replied: the flipped classroom
approach. Two specific comments on this were: “I dug deeper in
understanding my designated topic which made studying other
related topics in the book easier;” and “The flipped classroom modules
which allow me to take control of my own learning” Two students
thought that the flipped classroom was the least useful in class.

6. Discussion on the practical
implications, objectives and lessons
learned

Learning Molecular Cell Biology from the textbook has probably
become rather abstract and not as complete as when finding the
connection with everyday research. Indeed, such courses invite
opportunities to connect with everyday scientific discoveries (Round
and Cambell, 2013). Scientifically, Molecular Cell Biology is a quickly
expanding field and it can take advantage of the knowledge of single
mutations that are known to cause diseases to explain for instance
signaling pathways (Schoenmaker et al., 2020) and of the landscape of

5
4
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2
o3
£
L2
o
L)
1
0 T T
Questionson... ELISA Western Immuno-
blotting

FIGURE 3

this exam. Results are shown as mean +/— S.D.

histochemistry cytometry

Exam results by expert groups and by receivers. Exam results per technique were calculated for the experts and for the receivers. No differences were
observed for experts (n =12) and receivers (n = 36) for any of the techniques. In this exam, questions on ELISA and Western blotting scored better in

Experts in...

ELISA

Western blotting
Immunohistochemistry

Flow cytometry

0 OEOE
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Flow
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TABLE 1 Student questionnaire on the flipped classroom approach.

Questions

10.3389/feduc.2023.1144010

1-5 Likert scale and results Results

2 3 4 5

Average + SD, n

over time helped me further understanding this technique.

1. The class on calculating with QPCR data and learning more about diverse expression of genes 1 7 4 13 8

3.61+£1.17,n=33

literature needed for the essay assignment

2. The flipped classroom assignment for explaining and learning from peers on protein detection 0 6 7 9 13

(ELISA, THC, Flow cytometry, Western blotting) was useful for reading cell biological scientific

3.83+1.12,n=35

3. I enjoyed the active teaching and learning method of flipped classroom 1 3 7 5 9 3.80+1.02,n=35
4. The activating classroom activities on molecular techniques and techniques to detect proteins has 1 6 5 11 12 3.77£1.19,n=35
made me more confident in reading cell biological scientific literature

5. The activating classroom activities have made me more competent in cell biological scientific literature 0 3 2 16 10 3.91+1.00, n =34

One of the goals of this year’s course is to increase your confidence in reading cell biological scientific literature. Therefore, more class time was used for understanding Molecular Cell
biological techniques and protein detection methods. The following questions will evaluate this process. 1-5 Likert scale, 1: strongly disagree, to 5: strongly agree. Response rate: 70%.

1 &
IT=ZIol 5 T —
821171 20 [ 26 TSI o3
) [ I
‘ga ol 0] 43 196 =5
G+fa7]1a] 51 [TEaTT

si2[o] a0 TS0

0 2I0 4lO s‘o SlO 160

Disagree Agree
FIGURE 4

Answers to questions 1-5 in percentages (see also Table 1). The 1-5
Likert score of Table 1 were recalculated as percentages. N = 33-35,
depending on the question.

all genes that are regulated by certain proteins and are now know
thanks to the Human Genome Project (Gonzaga-Jauregui et al., 2012).
The specific gap between textbook knowledge and reading scientific
literature along the course, has been previously acknowledged
(Wiegant et al., 2011). In this rather humble and short research article,
I show the steps I undertook to teach students how to read and how
to report on cell biological scientific literature.

Although it is always a challenge for scientists who enjoy teaching
to determine how to split their time, I believe that university college
and university students should be ignited also by the typical scientist-
teachers. As already proposed by DebBurman (2002), one should
bridge the gap between theoretical courses and the laboratory (De
Vries et al., 2019), where discoveries are being made.

The approach that was undertaken here, has definitely some
limitations. First of all, concerning the results on competence and
confidence in Table 1 and Figure 4, did not take a baseline
measurement, which is important for such type of research (Ferron
and Sentovich, 2002; Glymour et al., 2005). Second, the results are
from a relatively small group and only collected once. Third, there is
a relatively large standard deviation in performance of some of the
exam questions (Figure 3).

Interpretation of research data is only possible when knowing
the ins-and-outs of the techniques used to achieve those.

Frontiers in Education

Knowledge of protein detection techniques and subsequent
confidence and competence in reading scientific biomedical
literature gained early in the curriculum is crucial for later courses
in the biomedical track.

7. Acknowledgment of any
conceptual, methodological, _
environmental, or material constraints

One could point out as a shortcoming that the present study is
relatively limited in size and that only one, relatively intuitive approach
was described. A longer follow-up could be interesting, since I foresee
that also other subsequent courses in the biomedical track could
benefit from a deeper knowledge of cell biological techniques at are
essential for reading figures from scientific journals. Also, the
questionnaire did not study before and after. Despite these
shortcomings, 79% of the students stated that they were more
competent readers of cell biological scientific literature. Whether the
competence is a lasting achievement, could be tested during the last
semester of the bachelor’s.

My approach focused on investing time during the course to the
goal of making more confident and competent readers of cell biological
journals. Spaced repetition is a proven method for retention of
knowledge (Gonzaga-Jauregui et al, 2012). For educational
programmes that have frequent assessments, it is always a challenge to
retain knowledge after examination (Renoult et al., 2019). I therefore
hope that the step-by-step approach, with emphasis on learning the
protein detection methods in a flipped classroom manner, will lead to
lasting knowledge. In the case of reading biomedical papers, I hope that
a foundation is laid for four essential protein detection techniques
ELISA, Western blotting, immunohistochemistry and flowcytometry.
Not only to the benefit of the undergraduate degree, but also for life as
a biomedical researcher or as a medical doctor.
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