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FIG 3. Evidence of student learning through comparison of first agar art attempt (A) to second attempt (B). The images to the left
were created by a student in an advanced art course while the images on the right were created by a student in an introductory
drawing course. Both students show improvement from their first to their second attempt.

and was graded “above expectations” for the concept. However,
the composition is off-centered and does not take the round can-
vas into account. Furthermore, the color use and other elements
of design were simple, but also proficiently demonstrated through
line, repetition, and texture (visual communication and aesthetic
quality). The choice of starch agar was considered “exemplary”
because it was appropriately used with iodine to give the skull a
black and white appearance like an x-ray. A score of “above
expectations” was assigned for “technical proficiency” due to the
presence of a few colonies growing outside the streak lines.
Although it can clearly be linked to the Andy Warhol soup
can artwork from which it is inspired, Fig. 2C’s central compo-
sition is not engaging nor its interpretation original which is
why this artwork needs improvement with its visual communi-
cation. Furthermore, the line and color choices do not reflect
the pop art style selected (concept: below expectation), nor
does it demonstrate clear mastery of the principles of design
by being quite messy (aesthetic qualities: needs improvement).
This piece needs some work with its visual and conceptual
quality. The conceptual message is not too clear, and the bacte-
ria chosen does not help with the communication of the
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concept. The image demonstrates some level of understanding
but it is not at a mastery level. The elements of design are not
used to the best of their abilities. This student should have
chosen strains and media with more vibrant colors to reflect
Andy Warhol’s work, therefore, “needs improvement” was
assigned for “media choice.” Although the soup can is dis-
tinguishable, there are colonies seen outside of the draw-
ing area while other areas are overgrown with bacteria,
therefore, a score of “proficient” was assigned for “techni-
cal proficiency.”

Overall, Fig. 2 demonstrates the students’ abilities to
apply the principles of design to the creation of agar art. By
choosing a combination of bacteria and agar that were
appropriate for their artwork, they illustrated their under-
standing of cultural morphology. All the students demon-
strated proficiency with handling bacteria using aseptic tech-
nique, as little to no contamination was observed and the
bacterial growth was mainly within the streaked areas.

When the agar art activity was extended to allow stu-
dents to create a second agar art after evaluating their first
attempt, improvements were observed. In Fig. 3, two agar
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FIG 4. Average scores of the final agar art pieces created by
students in an introductory and/or advanced art course. A rubric
was used to assess the final agar art pieces from all students
(N=50). A comparison of agar art scores of students in the
introductory art course versus the advanced art course is shown.
On average, the advanced students earned higher scores. The single
asterisk indicates a statistically significant difference (P = < 0.05).

art creations from the same student are compared from
both the advanced (on the left) and introductory (on the right)
art courses. The images on the top are the students’ first
attempts while the images on the bottom are the students’ sec-
ond attempts. When comparing their first agar art attempts to
their second, better choices for media/bacteria combinations
were made. Better technical proficiency is detected with better
control over the amount and placement of the bacteria. Getting
more comfortable with the laboratory tools, students were also
able to demonstrate more motor precision in their drawing;
drawing with invisible ink is indeed not an easy task, it requires
practice! Through observation, they were also able to anticipate
the texture through growth pattern and color dispersion more
accurately. Finally, like with all art projects, through open critique
and exchanges between artists, students were able to develop
more intimate concepts related to the process and materials
they were using. Seeing what combinations worked well for their
peers helped nurture their creativity on the next attempts.
Only their final agar art pieces were assessed using the grad-
ing rubric. The advanced art students earned higher average
scores than the introductory art students and this difference
was statistically significant (P = < 0.05) (Fig. 4). The average
overall score for the assignment for students in both courses
was 79. Comparing the average scores for each rubric cate-
gory revealed that the advanced students scored higher on
“media choice” than introductory students (Table 1). This
statistically significant (P = < 0.05) difference could have been
attributed to the nature of the advanced art course which
focused on exploring various artistic media, techniques, and
processes to create art, while the focus of the introductory
art course was drawing. Averages for each category on the
rubric were |5 or above, regardless of whether the students
were introductory or advanced (Table ). These data suggest
that the learning outcomes are being met, since the average
scores for each category were “proficient” or above.
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TABLE |
Means and standard deviations of scores in each rubric category for agar arts made by introductory and advanced art students®
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FIG 5. Student agar arts selected as People’s Choice Award finalists in ASM's Agar Art Contest in (A) 2016, Grotesque Beauty (left) and
Bacteria at Birth (right); (B) 2017, Inspired; (C) 2019, Emotion; (D) 2020, Dem Bones. Of the hundreds of entries from all around the
world, only the top 50 submissions are selected by the judges for consideration for this award. This serves as evidence of the learning
outcomes being met as the high quality of our students’ agar art was recognized by external reviewers.

Each semester;, the students’ agar artworks were sub-
mitted to the ASM's Agar Art Contest. The art was eval-
uated by external judges assigned by ASM which consisted
of both scientists and artists. The judging criteria included
creativity, design, presentation, and communication. Our
students participated in this contest on four separate occa-
sions and each time, at least one of our students’ artworks
was chosen as a finalist for the People’s Choice award
(Fig. 5). This serves as evidence of the learning outcomes
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being met as the high quality of our students’ agar art was
recognized by external reviewers.

Possible modifications

Alternative timelines to conduct the activity over three
class periods as opposed to two are recommended as this
would allow students to repeat the activity after they have
learned from their mistakes.
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Other agars and strains of bacteria could be used based
on their availability. We have used blood agar, DNA agar, and
“blue/white screening” agar (Luria broth agar with ampicillin,
arabinose, and x-gal) with E. coli + pUCI9 (blue) and E. coli +
pUCI9-MTCR (white).

Submitting to the ASM Agar Art Contest is an optional addi-
tion to this activity. It is recommended to include this option as
the possibility of winning a contest tends to motivate students to
do their best. However, the timing of the contest may not always
line up with your course schedule. In this case, you could stay
connected with your former students and encourage them to
enter the contest once it is open for submissions.

In terms of the art assignment, there are many alternative
themes that could be used. For example, students could
explore implied versus actual texture, two- dimensional design
using art principles to create a compelling piece that communi-
cates a specific message, or they could research a contempo-
rary scientific artist like Carol Prusa, a biology/chemistry major
turned artist, and create a piece inspired by that artist’s style.

Additionally, students could create posters, similar to a
research poster, to present their art in the context of the
science that was used. A couple of our students created
poster presentations that were presented at local STEM
symposiums.

This activity could also be done in reverse where instead
of the microbiology professor teaching the art students, the
art professor could teach the artistic aspects of making agar
art to the microbiology students. Either way, the goal of integrating
science and art is achieved.

A possible extension of this project could include an
exploration of the broader impacts of the experience on
the students. Pre- and post-surveys could be used to deter-
mine whether the non-science majors who participated in
the agar art activity demonstrated an increased understand-
ing of microbiology, an improved attitude toward science in
general, and an increased awareness of the relevance and
impact of science on art and vice versa.
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