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INTRODUCTION

The science of teaching and learning has always had a
strong focus on assessment. Best pedagogical practices
include backward design (I), which outlines course design
with assessment considerations at the forefront of planning.
Proctored exams have been a mainstay in college class-
rooms for centuries. Even with the inclusion of more pro-
ject-based forms of assessments in more recent years, writ-
ten exams have not lost their favor with faculty. In March
2020, COVID-19 moved higher education into remote
learning environments, forcing faculty who utilized in-per-
son exams to rethink the way they approached student
assessment. According to the National Institute for
Learning Outcomes Assessment’s survey on assessment-
related changes during the COVID-19 pandemic, 97% of
responses made changes to their assessment strategies in
some way during the spring 2020 semester (2). Changes
included things such as modifying the assessments them-
selves, altering assessment deadlines/grading policies, and
accepting alternative forms of assessments.

In what now appears to be a serendipitous event, the
2019 spring semester brought about several changes to
the General Microbiology course at the University of
North Dakota (UND). Grounded in educational theory of
constructivism and using backward design, the course was
redesigned to better align summative assessments (previ-
ously traditional exams) to the active learning teaching
style of the course. One major change was the increased
use of journal articles to emphasize content in real-world
scenarios. The inclusion of primary literature in under-
graduate classes has been reported to help students con-
nect course content to scientific research (3), improve
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critical thinking and understanding of content (4), and
increase students’ scientific literacy skills (5). Additionally,
Bain (6) identified embedding content into broader con-
cerns; encouragement of students to compare, apply, eval-
uate, and analyze, but never to just remember; and allow-
ing students time to reflect independently as unifying
principles of good instruction.

The methodological premise for utilizing primary research
for assessing students’ understanding builds on Gowin’s Vee
scaffold, which was designed to help students make connec-
tions between science concepts and laboratory experimenta-
tion (7). In the Vee diagram—a letter V—the left side is con-
ceptual and contains ideas and concepts presented through
lecture; the right side is where inquiry and experimental find-
ings reside. The center of the V is where students are able to
connect concepts with data to start to understand the process
of science and how this drives knowledge creation.

This study was conducted in a 300-level majors General
Microbiology course. Approval for use of course evaluations
for this study was granted by the UND Institutional Research
Board (exemption 4, IRB0002171). Participants were 31| stu-
dents (43% of the total students registered) who completed
the end-of-semester course evaluations for the spring 2019 se-
mester. This course was newly redesigned using backward
design; first goals and objectives were determined using ASM
Curriculum Guidelines (8), and then appropriate assessments
were identified. At the end of each unit where a traditional
exam would typically be inserted, a different form of summative
assessment was planned—Paper Reviews. This assessment task
allowed for students to choose among four primary research
journal articles pertaining to the major concepts of the unit and
complete a Paper Review Form (see Appendix | in the supple-
mental material) using the article to address the questions on
the form. The 16-week course was divided into four units, each
with a Paper Review due at the conclusion. Paper Reviews were
graded using a standard evaluation rubric (see Appendix 2).

The Paper Review Form was similar across all papers/
units consisting of four identical prompts (see Table 1), and stu-
dents were also asked to respond to a paper-specific question

Copyright © 2021 Sletten. https:/creativecommons.org/licenses/by-nc-nd/4.0/This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International

license.

Volume 22, Number 2

Journal of Microbiology & Biology Education |


https://doi.org/10.1128/jmbe.00109-21
mailto:sarah.sletten@und.edu
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1128/jmbe.00109-21
https://crossmark.crossref.org/dialog/?doi=10.1128/jmbe.00109-21&domain=pdf&date_stamp=2021-6-30

SLETTEN: RETHINKING RSSESSMENT

TABLE |
Example papers for each unit with review form prompts and related specific questions

Unit Sample paper

Paper review from
generic prompts

(across all articles) Paper-specific question

Caselli, E., et al. (2018).
Characterization of biodegradation

Microbial Cell in a | 7th century easel painting and
Structure and potential for a biological approach.
Function PLoS ONE 13(12): €0207630,

https://doi.org/10.137 | /journal.
pone.0207630

Amoros, |, et al. (2016). Prevalence
of Cryptosporidium oocysts and
Giardia cysts in raw and treated
sewage sludges. Environ Technol 37
(22): 2898-2904, https://www.
tandfonline.com/doi/abs/10.1080/
09593330.2016.

1168486

Microbial Diversity

Rutowski, J., et al. (2019). Metabolic
shift of Staphylococcus aureus under
sublethal dose of methicillin in the
presence of glucose. | Pharm Biomed
Anal 167: 140-148, https://doi.org/
10.1016/j.jpba.2019.02.010

Microbial
Metabolism

Li, D, et al. (2017). Controlling
microbial PHB synthesis via
CRISPRi. Appl Micriobiol Beiotechnol
101:5861-5867, https://doi.org/
10.1007/s00253-017-8374-6

Microbial Genetics

Discuss the difference of
importance in cell structure in
microorganism identification
between bacteria and fungi.

Why did you choose
this paper? Identify
specific aspects of the
paper that you were
able to understand
because of
participating in class
that you might not
have been able to
before taking this
course. What were
the major findings
described in this
paper? What
questions do you
have for the authors?

Do you feel this paper
presented a strong argument for
composing sewage sludge? Why
or why not?

Multidrug resistance is a huge
concern for many disease-
causing bacteria (e.g.,
Staphylococcus aureus,
Mycobacterium tuberculosis,
Neisseria gonorrhoeae). Do you
think research efforts should be
focused on new drug
development or novel
approaches with existing drugs
like this paper presents? Explain
your stance.

CRISPR has been in the news a
lot lately. Identify another way in
which you have heard of CRISPR
being utilized.

that varied from article to article based on the content and
research discussed.

At the conclusion of the semester, students were asked
the following questions specific to the Paper Reviews on
their student course evaluations.

I.  Journal article reviews made microbiology relevant
to me (disagree, neutral, agree).

2. Journal article reviews increased my engagement in
microbiology content (disagree, neutral, agree).

3. Do you feel the journal article reviews were a better
assessment of your understanding of microbiology than
exams would have been? Please explain (free response).

Questions | and 2 were quantitative in nature and were
scored on a | to 5 scale (I, strongly agree; 2, disagree; 3, neu-
tral; 4, agree; 5, strongly agree). Question 3 was open-ended
and allowed for the collection of qualitative data.
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RESULTS AND CONCLUSIONS

Student course evaluations revealed that on a scale of |
to 5, the majority of students either agreed (32%) or
strongly agreed (58%) with the statement that Paper
Reviews made microbiology relevant to them (mean, 4.45;
standard deviation, 0.77). Most students also indicated that
they agreed (29%) or strongly agreed (58%) that the Paper
Reviews increased their engagement in microbiology con-
tent (mean, 4.39, standard deviation, 0.92).

The student free responses (see Table 2) were coded and
subsequently grouped into the following themes: (i) relevant, (ii)
engaging, (i) teamworlk, (iv) instructor, (v) flipped format, (vi)
connectedness, and (vii) ease. From these themes, assertions
were made about the student opinion of Paper Reviews over
traditional exams. A large majority of students had favorable
perceptions about using articles as a way to assess their under-
standing of microbiology. They felt that as opposed to exams
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TABLE 2
Student Pesponses to the open-ended question: Do you feel the journal article reviews were a better assessment of your understanding of
microbiology than exams would have been? Please explain. Responses are unedited

YES! Personally, | feel like the stress that happens when studying for exams is a leading factor to why people don’t remember things
afterwards. They [exams] are so into just remembering what happened for that specific amount of time and that is it. The journal
articles were not even a bit stressful, making it fun and easy to read. | think | remember everything that | read throughout the semester
because | didn’t stress over it once and | was actually learning something relevant to the world and the class. Please keep this up, best
idea for a professor to make!

| don’t think they were a better assessment of our knowledge, but | definitely think | learned more about microbiology from the article
reviews than | would have from a test.

Based on the way you set the class up, | feel that the reviews were a better assessment of my understanding.

Yes! | didn’t feel as if | was learning material just to get a question right on a test. The material stuck with me having to apply it rather
than memorize it.

Yes. Exams test memorization. Article reviews test the student on if they know the topics covered in class, and also test the student to
apply those topics to a real-world context. Writing paper reviews is a level above intellectual processing. When a student is required to
take classroom concepts and use those concepts in out of classroom contexts, the level of learning and memorizing information is
significantly higher than memorizing concepts a couple days before an exam, take the exam, and never use those concepts again.
Writing article reviews greatly improved my personal learning in microbiology.

Yes, it wasn’t just memorizing facts. It was applying what you learned. My nursing friend is in the other section for nursing students and
said she wishes her exams would have been like that.

Yes | do because the exams are just memorizing and then forgetting information after but the paper reviews helped me learn
information that | could still recite.

Definitely yes. First of all, preparing for tests more so involves memorization of material up until the test and then forgetting it. The
paper reviews are helpful for learning to how read about scientific studies and showing you can understand them. Communicating
science is a very important aspect and is more practical than an exam.

I’'m not sure. | prefer tests, but also enjoy writing. | was just confused about what was expected from the journal reviews.

Yes, they were very helpful because they were more realistic and related to current studies and issues in microbiology.

Yes, because tests really only test memory, and understanding. The article reviews required understanding, critical thinking, and the
ability to write down those ideas. The article reviews were a more fun way to use the information gained throughout the course.

| do think that journal article reviews are a better assessment because it gives us time to truly apply our knowledge. Exams can be
difficult because some people may not be the best test takers and you don’t just want to regurgitate information; the reviews make you
apply the knowledge.

No, | believe they give practical experience but not course material specifically.

Yes, they allowed you to dig deeper to understand.

Exams would’ve forced me to learn the material in a way to regurgitate information, but the article reviews made me connect
microbiology to my everyday life. Being able to critically review science articles improved my ability to understand science-related
topics, but | feel like it didn’t necessarily assess whether | knew the information or not but rather if | could understand and discuss an
article.

| really enjoyed the reviews and they helped me relate microbiology to real-life events.

Yes the journal article reviews were a better assessment rather than exams, as | personally cram for exams and try to remember
everything and anything by memorization and such. Having the journal article reviews made my understanding of microbiology expand
as | could see all of its relations with the real world and learned about things | probably never would have.

These journal article reviews are far better than assessments. They teach us how to apply information and express ideas through
writing rather than memorizing and forgetting. | learned more from these journal articles than an exam ever could. This course taught
me how to apply science to the real world, something exams fail to do.

| feel that they helped me connect more to the real world & understand where microbiology is relevant to us as mostly prehealth
students. | preferred them over exams.

that test ability to memorize material, article reviews connected
course material to real-world scenarios and encouraged
students to apply the course content leading to deeper
learning. Students found the article reviews less stressful
and more helpful, and they felt more enjoyment completing

them than with exams. Students appreciated the way the arti-
cle reviews aligned with structure of the flipped course, yet
some found a disconnect, with the content covered in the
online lectures not fully being covered in the article review
questions.
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The shift away from traditional exams to Paper Reviews
aimed to align the course teaching and assessment strat-
egies. Crowe et al. (9) posit that if classroom activities focus
on Bloom’s taxonomy of higher-order cognitive domains
(i.e., analysis and evaluation) yet assess using methods that
utilize lower-order skills (i.e., knowledge and comprehen-
sion), students learn they do not need to put forth effort to
fully understand the content. Paper Reviews encourage stu-
dents to understand how course content relates to authen-
tic research and develop written interpretations and assess-
ments of scientists’ work, as well as apply it to novel
situations.

Incorporating primary literature in college courses is a
routine practice in college courses, and many studies have
assessed their benefit in the classroom, especially for
upper-level STEM courses where students are often pre-
paring for graduate schools. Nelms and Segura-Totten (10)
suggest that learning how to effectively analyze papers
takes practice, and students who have repeated exposure
to primary literature can develop “tools” to move toward
reading mastery. Additionally, Anderson (I1) found that
graduate students who were part of an undergraduate
course that incorporated a journal club that reinforced
course contents felt more prepared than their peers to
discuss papers. Meaningful exposure to primary literature
can benefit all students regardless of degree attainment, as
it can help build STEM literacy, which is part of the
National Science & Technology Council’s goal to create a
civil society that is better prepared for rapid technological
change (12).

The replacement of traditional exams with Paper
Reviews proved to be not only an effective way to assess
student understanding of content in an upper-level microbi-
ology course but provided for an easy transition to remote
learning when the COVID-19 pandemic forced students and
faculty home during the spring 2020 semester. This form of
student evaluation should be considered a viable alternative
to in-person exams.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.

SUPPLEMENTAL FILE I, DOCX file, 0.02 MB.
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