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Abstract

The COVID-19 pandemic has imposed several challenges and strains at all levels of the educational system, especially as a
consequence of lockdown and social distance measures. After a period of exclusive use of the online educational environ-
ment, educators have adapted to the new circumstances and, by a combination of different strategies, have fought to overcome
the limitations and deficiencies of virtual learning. Student motivation, productivity, and creativity continue to be the main
pedagogical issues that have to be reached with the new didactic tools developed during the pandemic. At the same time,
this pandemic has shown the importance of the inclusion of microbiology as a core element of the educational curriculum

and the opportunity to raise public awareness of the importance of microbes to everyday life.
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Introduction

In the year 2004, the American Society for Microbiology
published a report with the title “Microbiology in the 21
Century. Where are we and where are we going?” (ASM
2004). The report summarizes the discussions held by
the members of the American Academy of Microbiology
about the future directions to be taken by microbiologists
regarding different subjects, such as research challenges, the
impact of microbes at a planetary scale, microbial literacy
in society, and, of course, the essential issue of the presence
of microbiology in the educational curricula. Some of the
recommendations read as follows:

e Teaching microbiology should be thoroughly integrated
into school curricula.
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e General biology texts should be organized around a
microbiology core.

e All life scientists should receive microbiology training as
part of their core curriculum.

® Building an understanding of microbes in young students
will ultimately improve public awareness of the impor-
tance of microbes to the everyday health of the individual
and of the planet.

Although the report was addressed to the politicians and
other decision-makers in the USA, their recommendations
could indeed be applied to other countries. Fifteen years
later, it seemed that the suggestions made by the ASM had
little impact, as testified by the editorial “The urgent need for
Microbiology literacy in society” published in the Environ-
mental Microbiology journal, and signed by several microbi-
ologists (Timmis et al. 2019). In that editorial, the following
statement was again put forward: Microbiology must become
a core element of the school curriculum in order that deci-
sion makers are adequately informed.

But things have changed since March 2020 dragged by
the COVID-19 pandemic. A Spanish proverb says “they
hang people by force” (needs must when the devil drives),
and overnight, the whole society of many countries was
eager for explanations about the threat represented by the
emerging virus. Immediately, several scientists from differ-
ent fields, ranging from microbiology to epidemiology, were
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interviewed in the media. Also, the epidemic situation hits
hard in the educational field. In many countries, face-to-face
teaching had to be changed to virtual learning from one day
to the next in all the educational levels. Of course, the new
situation was not only stressful but also added additional
strains on the system such as the adaptation of teaching
material to virtual platforms or the speed of internet connec-
tion from homes. Paraphrasing the saying, by a cocktail of
bytes, toil, tears and sweat, the situation was saved, although
it claimed its toll. A recent survey in the USA showed that
the number of faculty members that felt stressed in 2020
doubled the figures of 2019 (Gewin 2021). Currently, we are
in the umpteenth pandemic wave, and vaccination is unhur-
riedly at hand in most countries so virtual teaching prevails,
but now we have more experience and tools. In fact, as it
happened with other crises in history, a tough time is a time
for opportunities.

Virtual learning, the comeback
of the didactic lecture

In the last two decades, there has been a shift from didactic
lectures towards what is termed active, or even authentic,
learning. According to Bonwell and Eison (1991), “active
learning” encompasses any pedagogic method that involves
students in actually doing things, and subsequently reflecting
about the things they are doing. This is a wide definition,
which covers diverse contexts, such as class debates over hot
topics in the news, problem-based activities, and conduct-
ing real-life experiments in the laboratory. Although active
learning clearly increased student performance in Science
subjects (Freeman et al. 2014), the shift to active learning
has been linked to the erroneous thought that the traditional
didactic lecture is less effective as a teaching tool due to its
passive nature, overlooking that the key element of learning
is the engagement of the student (Richardson 2008; Zakra-
jsek 2018). Active learning suits very well teaching in the
field of microbiology, as evidenced by crowdsourcing sci-
ence projects such as Tiny Earth or gamification of class
activities, as exposed below. But, most of such activities

were halted by the lockdown caused by the SARS-CoV-2
pandemic. Overnight, teachers were forced by the circum-
stances to base all their lessons on didactic lectures, even
those designed as laboratory training, with the added dif-
ficulty that the classes were performed online, lacking the
“human touch.” Thus, a huge effort has been devoted to reor-
ganize the lectures and to enhance them by including vir-
tual active learning activities within the virtual framework,
with the aim of engaging the students. One could say that
we have witnessed a comeback of the traditional didactic
lecture but aided by twenty-first-century technology. In this
scenario, it was critical to maintain student motivation and
productivity. Some useful advice on how to confront such a
situation, avoiding the feeling that the teacher was talking to
a screen without knowing whether there was someone listen-
ing, interacting, or reacting, can be found in McReynolds
et al. (2020). Paradoxically, one advantage of virtual meet-
ings is that the risk that the other party can disconnect at any
moment stimulates the productivity of the person who hosts
the meeting. It is also important to take care of the user back-
ground, because it may influence the class atmosphere. The
use of a template background reduces the risk that the other
party loses their attention. Finally, it is recommended to use
some non-academic virtual activities like playing games,
perform informal introductions, or discuss a hot topic related
to the subject to be learned.

It should be noted that several members of the Spanish
Society of Microbiology (SEM) have a previous and long
experience in the field of virtual teaching. Since 2010, the
SEM has offered several online courses (Table 1). The
courses are aimed to the training of specialized technical
staff from the biotechnological sector, but graduates from
diverse scientific areas take these courses in order to update
their microbiology background as well. Each course is
equivalent to 4 ECTS and they are imparted through the
Moodle platform. Until now, almost a thousand students
have enrolled in these courses, being the one dedicated to
the Microbiology and Preservation of Cosmetics the most
successful of all (Garcia and Moreno 2020).

But Scientific Societies like SEM may also test several
social media platforms in search for more interactive forms

Table 1 Online courses offered Field of interest

Course name

by the Spanish Society of
Microbiology

Clinical

Food and Agriculture

Environment
Pharmacy and Drugs

Control and Prevention of Emerging Viruses

Biosafety and Occupational Risk Prevention in Microbiologi-
cal Laboratories

Human Microbiome: Health Implications

Culture Independent Techniques applied to Food Microbiology
Biotechnology and Microbiological Food Safety
Biodeterioration and Biodegradation of Materials
Microbiology and Preservation of Cosmetics
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of communication to engage the public. Social networks
have several advantages to scientists, such as promoting
the research group or institution, improving communica-
tion skills, and promoting public engagement (L6pez-Goiii
and Sanchez-Angulo 2018). The most successful to date has
been the use of Twitter, a microblogging social media plat-
form where users can post short texts (tweets) that can be
accompanied by images, short videos, or hyperlinks. Tweets
can be replied to, retweeted, or mentioned by the use of
hashtags, thus fostering interactivity among followers and
creating a dynamic conversational platform amenable to the
exchange of information. In 2016, #microMOOCSEM, the
first Massive Open Online Course (MOOC) dedicated to
General Microbiology was launched by the SEM (Lépez-
Goiii et al. 2017). Each lesson covered a particular topic such
as microbial evolution, microbiome, vaccines, or antibiotic
resistance, and was composed of 30 to 40 tweets. Each tweet
was a “catch phrase” meant to communicate science to a
general audience outside the academic environment associ-
ated to a link, a video, or an image illustrating the topic. The
first two courses were broadcasted in Spanish, but after their
success, the 2018 course was produced in English with the
participation of the Federation of European Microbiology
Societies (FEMS) and tagged #EUROmicroMOOQOC. The
course was imparted by Researchers and Professors from
universities or research centers located in Spain, the USA,
or the UK. The whole course was composed of 21 lessons
and comprised a total of 738 tweets, 439 images, 74 vid-
eos, and 340 hyperlinks to websites related to microbiology
(Lopez-Goiii, et al. 2019). The #EUROmicroMOOC course
was repeated again in the year 2020 during the lockdown.
All the lessons were compiled and can be reached through
Wakelet (https://wakelet.com/@ SEMicrobiologia).

From the Small World Initiative
to MicroMundo

In the year 2012, Jo Handelsman and her team designed an
innovative discovery-based educational project in order to
motivate students towards STEM disciplines and to increase
scientific literacy in society. The project was named Small
World Initiative (SWI) and the idea, based on crowdsourc-
ing in the academy, was to engage undergraduate students to
perform field and laboratory tasks in a hunt for microorgan-
isms that might potentially produce new antibiotics. In a col-
laborative and openly creative manner, the SWI experimen-
tal approach brought the student into a close understanding
of Alexander Fleming’s famous serendipitous discovery of
penicillin, or—more accurately—to targeted search for anti-
microbial bioactivities developed through the second half of
the 20th century, after Waksman’s discovery of streptomy-
cin. The students are trained to collect, process, and analyze

soil samples in the laboratory under the supervision of SWI
Instructors. Upon completion of the project, the participating
students and instructors have the opportunity to present their
original research and share their findings in specific meet-
ings (Hernandez et al. 2015). Recently, the former SWI team
has launched an advanced program named Tiny Earth, which
integrates basic microbiology with genomics and chemical
analyses for a deeper characterization of the students’ find-
ings (Hernandez et al. 2018; Hurley et al. 2021).

The SWI program was transferred to different countries,
such as the UK and Spain, where the Complutense Univer-
sity of Madrid led the way in 2016. As an innovation com-
pared to the original North American project, the Spanish
approach operated from the University but worked off-cam-
pus. Thus, it integrated two educational levels, secondary/
high school and the university, following a hierarchic strat-
egy based on service-learning. The aim was to inspire and
retain high school students in sciences through discovery-
based research experiences (Valderrama et al. 2018). From
Madrid, this educational project was extended and adopted
by over 30 Spanish and Portuguese universities (Antunes
et al. 2021, Maicas et al. 2020). Currently, the Spanish
branch follows the path established by the Tiny Earth project
and has been renamed ‘“MicroMundo.”

In the first symposium of the MicroMundo project, held
in 2018, it was concluded that an added value of the project
was its flexibility and adaptability to the creative spirit of the
researchers, teachers, and students belonging to the different
levels involved. The project has been evolving and adapt-
ing different pedagogical derivatives through the years for
a better achievement of its goals. For example, to overcome
one of the problems encountered, the fact that students were
discouraged by the low proportion of antibiotic-producing
microorganisms found in their soil samples, de Groot and
coworkers modified the protocols in order to increase the
isolation of Actinobacteria, the main producers of antibiot-
ics. This contributed in their hands to optimize the educa-
tional efficiency of the program and to create a more stimu-
lating educational atmosphere, rendering a more positive
perception of the learning outcomes, according to the results
obtained by the anonymous surveys after completion of the
activity (de Groot et al. 2019).

Although the coronavirus pandemic supposed a sudden
halt in all activities for the MicroMundo groups in 2020,
according to the reports recently published in the SEM @foro
Thematic Issue on Education (https://www.semicrobiologia.
org/secciones/publicaciones/semaforo/69), several teams
struggled to set the project in its tracks again with new strat-
egies and approaches adapted to the virtual environment.
The pandemic crisis has underlined the need for scientific
education in subjects such as microbiology and other areas
engulfed by the One Health concept. MicroMundo teams
have seen an opportunity to bring together high schools
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and universities in a joint effort to develop strategies for the
dissemination of global health issues related to microbiol-
ogy, including emerging viruses and antibiotic resistance. A
wealth of infographics, videos, games, social network activi-
ties, etc., are being devised by students to feed the virtual
space with tools for microbiology education in Portuguese
and Spanish. This effort should produce a wealth of free
online tools ready to be used in Spain, Portugal, and Latin
American countries.

Learning technologies: solutions, problems,
or both

Currently, learning technologies are ubiquitous in Science
degrees. Initially, they were implemented as a way to achieve
a more effective teaching and active learning. But, through
further development along the years, learning technologies
have become a possible substitute for face-to-face teach-
ing, anticipating that they will drive pedagogical advance,
increase interactivity, and facilitate the mastery of essen-
tial capabilities. This viewpoint has been described as an
example of solutionism, a form of oversimplistic think-
ing that assumes that only technologies by themselves can
solve complex educational issues (Grainger et al. 2020). One
example of solutionism is the actual claim that “we must
teach/learn technological abilities because all the knowledge
is one click ahead.” Aside from the fact that in the sentence
there is a confusion between “information” and “knowl-
edge,” most studies on technological solutions in Education
yield no significant differences. In fact, the lockdown due to
the coronavirus crisis has exposed the limitations and defi-
ciencies of teaching and learning by exclusively using online
methodologies.

To avoid solutionism, McKenney and Reeves (2020) have
proposed the use of Educational Design Research (EDR)
in the development of new theoretical insights and practi-
cal solutions to serious teaching and learning challenges.
In EDR, there is a pursuit of practical and scientific goals
by the iterative development of solutions to complex edu-
cational problems, thus providing the context for empirical
investigation which will yield theoretical understanding. An
example of an EDR approach is the project “MicroMundo”
(see above), where a particular model of service-learning
has been created in order to deal with a real-world challenge.
In EDR, there are three core phases, the first one being the
“analysis and exploration” of the problem to be addressed—
e.g., antimicrobial resistance awareness. The second one is
the “design and construction” of how the problem might be
addressed—educational service-learning project. In the third
phase, “evaluation and reflection” design ideas and solu-
tions are empirically investigated and the findings are pre-
sented and discussed—students surveys and MicroMundo
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Symposia—in order to refine the theoretical understanding
of the problem.

Pursuing motivation during confinement

In her review about the contents of the last FEMS Thematic
Issue “Learning for the future,” Beatrix Fahnert made some
interesting pre-pandemic thoughts about the skills to be
acquired as a goal for 2020, highlighting “critical think-
ing,” “creativity,” and “judgement and decision-making”
as essential to counteract fake news and develop open-
minded, resilient, adaptable, and ethical citizens (Fahnert
2019). According to what is called Education 4.0, teachers
are facilitators who teach learners how to access, process,
and evaluate the vast amount of knowledge and informa-
tion available in the virtual space. In fact, before the pan-
demic, several universities were already laying the technical
and pedagogical groundwork for a new approach to higher
education (Bonfield et al. 2020). The global outbreak has
speeded up the change, although it may now look very dif-
ferent to previous expectations. Probably, one of the biggest
challenges during the COVID-19 confinement was how to
motivate the students to develop the attitude necessary to
be lifelong learners and not just to have a big score in their
exams. Several strategies have been used aimed towards such
motivation such as gamification (Brown et al. 2018; Robin-
son et al. 2018; Efthimiou and Tucker 2020) or the intensive
use of images in the forms of illustrations (Goodsell and
Jenkinson 2018), movies (Sanchez 2011), or comics (Morel
et al. 2019).

Gamification is a participatory form of learning that
encourages students to become more focused on a particular
topic, which otherwise can be seen as “dry and boring” so,
in this way, games can supplement and complement tradi-
tional forms of teaching and learning. Games can be used
as a tool for promoting collaboration in the classroom, but
being such a situation impossible along confinement, digi-
tal gaming-based learning (DGBL) has been accessible in
its place. There is currently available a variety of digital
game formats that can be played through a personal com-
puter or mobile phones, and the projected market growth for
“serious games”—games designed entirely for educational
purposes—is expected to be $9.2 billion by 2023. Some bar-
riers such as non-standardized frameworks or policies for
use or assessment of games and limited amount of time,
pedagogical training, and digital literacy of faculty need to
be overcome in order to achieve an optimal implementation
of a DGBL in the class (Robinson et al. 2018).

Science communication and teaching is dominated by
text-based media, although the use of visual tools is increas-
ing over time. The use of images is a much more effective
way to translate scientific data into synthetic, clear, and
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Fig. 1 Adaptation of education
to the challenges imposed by the
coronavirus pandemic. In the
pre-pandemic situation, several
pedagogical issues (motivation,
productivity, attention, creativ-
ity, etc.) were addressed using
different strategies and tools. At
the same time, the use of online
educational resources was
steadily increasing. The confine-
ment forced the exclusive use of
virtual classroom environments,
accelerating the process, and

at the same time, creating the
need for the development of
new strategies and tools to cope
with the pedagogical issues
listed above. Once we defeat

the virus, those new methodo-
logical approaches boosted by
the pandemics will remain, as
those that prove successful have
definitely come to stay

Pandemic

Post-pandemic

comprehensible information. The internet is a rich reser-
voir of visual resources that can be used in our classes. But
it is also important for educators to be acquainted with some
basic rules of design, in order to use visualization as a way
to represent scientific concepts and catch the student’s atten-
tion (Nersesian et al. 2020). The same rules should also be
considered when approaching the popularization of science,
which requires the development of materials to explain to
society complex scientific subjects. The cooperation of pro-
fessionals skilled in communication, design, and scientific
knowledge is the key to success in presenting to the citizen
in a straight and simple way scientific or technical issues
with a complicated basis.

Conclusion

The current COVID-19 crisis has offered in itself an
actual demonstration that education is the best tool to
confront such an unexpected social challenge. During the
past years, educators have been wondering about the best
methods to train our students in the critical skills needed
for a world in continuous change and to be innovative,
imaginative, and resilient to change. Suddenly, the lock-
downs and social distance imposed by the crisis led us to
delve into a rather unsteady situation, which triggered the
application of pedagogic methodologies that we had been

[ ]
a5
Pre-pandemic

Use of on-line
learning
resources

Motivation
Productivity
Attention
Creativity

breeding in the previous years, as a result of the post-Bolo-
nia pedagogic framework and technological advances in
digital tools (Fig. 1). Just like microorganisms efficiently
evolve to face sudden environmental challenges, academic
microbiologists have quickly evolved to proficiently incor-
porate into their routine digital technologies, the virtual
space, and social networks. Through the crisis, we have
counted on the advantage of an unprecedented prompting
demand from society on biomedical knowledge, especially
in the fields of virology, immunology, and biotechnology.
Although the challenge has been harsh, the overall results
indicate that we were prepared. We had the knowledge,
technological support, and, especially, trust and confidence
to overcome the situation.
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