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INTRODUCTION

Model construction is a learning process by which stu-
dents enhance their perceptions of the system being
depicted. The impact of models on biology learning is to
help students visualize, recognize, and memorize concepts;
moreover, they facilitate learning by addressing student mis-
conceptions (). Teaching an emerging field through the use
of model construction in a biology class is an ideal approach
for engaging students in fundamental questions that scien-
tists pursue and encourage them to answer their own
queries (2).

Within the emerging sciences to date, the study of
microbiomes is one of several that have drawn scientific
attention worldwide. Microbiome is defined as the collec-
tive of microbes and their genomic elements in a particular
environment (3). The proposed educational activity aims to
expose the student to emerging sciences, as in the study of
microbiomes, using techniques such as metagenomics. The
topics to be discussed are not part of the secondary school
curriculum science class, representing a strategy to incorpo-
rate novel subjects in the academic teaching and learning
process. The construction of a host-microbe model and its
oral presentation allow students (i) to use and develop crea-
tive-artistic skills, (ii) to represent a cognitive model of what
they have learned about the associations, and (iii) to develop
oral communication skills (4). The hands-on activity allows
students to learn about host-microbe interaction and the
implications of those in biotechnology and ecosystems
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dynamics. In that way, students will demonstrate the knowl-
edge acquired and develop effective communication, team-
work, and creativity skills based on the postulates of sci-
ence, technology, engineering, arts, and mathematics
(STEAM), an approach that focuses on problem-solving (5).

A group of high school students who had basic knowledge
in biology was selected to employ this educational tool. To
access knowledge acquisition, the students completed a pre/
posttest (see Appendix |). This test consisted of 14 closed
questions and a sort exercise. On day one, the students had
I5min to complete the pretest. The presenter then offered a
45-min talk on microbiomes, entitled Microbiomes: Knowing Our
Microorganisms, Beyond Cultivable (see Appendix 2), followed by
I5 min of a question/answer section. The importance of
microbiomes and their implications were explained, accompa-
nied by examples where known specialized microbiome rela-
tions, including the host, its environment, and food aspects,
were established. After the talk, the students were divided into
teams no larger than four members. Each team had 45 min to
discuss and select an organism with its microbiome of interest
for the project. The students then developed a scale model of
one microorganism that is part of the selected microbiome.
Students had 2 weeks from the date on which the talk was
offered to develop an oral presentation and to construct a
scale model of the chosen microorganism, using any materials
of their choice. On day two, each team showed their cell
model and gave an oral presentation to the class. The oral pre-
sentation consisted of a 10-min talk and 5 min for questions.
After the presentations, the students had 15 min to complete
the posttest, followed by 30 min of project feedback from the
professor to the teams. Total educational activity comprises 4
h total (2 h/day for 2 days). Using a rubric, all models were
evaluated based on creativity, originality, if they described the
proposed microorganism, if the concept discussed could be
recognized in the model, and if the materials used were perti-
nent and effective in representing the microorganism. The five
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FIG |I. Student acquired knowledge based in the pre- and
posttest. The figure shows the knowledge acquired by the
students after participating in the educational activity titled
Microbiomes: Exploring Our Microbes Beyond the Cultivable. The
data suggest an increase of 43% (N = 35). Difference between
pretest and posttest is statistically significant. P =0.0001.

criteria were scored in a scale from one (poor) to five (excel-
lent; see Appendix 3).

We have conducted this activity for two high school
groups as part of their biology class. The educational activity
described increases the general knowledge of the partici-
pants about emerging science topics, such as microbiomes
and metagenomics. A 43% increase in general knowledge
acquired was seen (Fig. |). The pretest showed that 52% of
the students could define the concept of metagenomics
appropriately. However, there was a 30% increase after the
activity was implemented. In contrast, on the topic of
microbiomes, 37% of the students knew the definition of
the subject before the activity was implemented. Still, this
was the concept in which the participants appeared to have
acquired the most knowledge, since a 49% increase was
seen (Fig. 2). The data suggest that after the use of the edu-
cational tool, students were able to define the concept of
metagenomics and microbiome more successfully.

During the presentations by students, all teams used
Power Point as an audiovisual tool to present their work
and explain the host-microbe interaction. The students
used the model and the oral presentation to represent the
microbe and describe the host-microbe interaction, respec-
tively. The models showed great similarity with microscopic
images of the species the students used as references. They
included structures such as cell organelles and locomotion
structures. The models prepared by the teams resembled
Allivibrio fisheri, Rhodobacter sphaeroides, Saccharomyces cerevi-
siae, and mycorrhiza-associated species (see Appendix 4). In
the case of the Saccharomyces cerevisiae model, the students
built not only a representation of the yeast but also the
environment it inhabits, the intestine of the host organism.
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FIG 2. Student knowledge acquired about metagenomics and
microbiomes topics based on the evaluation tool. The percentage
of knowledge about the topics of metagenomics and microbiomes
before and after the talk was obtained according to the data from
the pre- and posttest (N = 35). Questions | to || were used to
assess the acquired knowledge in microbiomes; moreover,
questions |12 to |4 tested the knowledge regarding metagenomics.
The results suggest significant increases in knowledge after the
talk on both topics, metagenomics and microbiomes, of 30% and
49%, respectively. P = 0.01.

The students also represented the phenomenon of biolumi-
nescence in the Allivibrio fisheri model by using fluorescent
paint (see Appendix 4). The most used materials by stu-
dents were plastic foam, paint, and other craft supplies,
such as chenille stems and acrylic paint. Activities like these
promote interest in scientific issues relevant to disciplines
such as microbiology and biology. Our activity allows stu-
dents to conceptualize the host-microbe relation and how
metagenomics help in the study of microbiomes.

SUPPLEMENTAL MATERIAL
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