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Designing a learning environment to teach about COVID-19

Yyed1aopo6g £vog padncrokov tepifdriovrog swackariog yia T véco COVID-19
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Hellenic Open University, National and Kapodistrian University of Athens
ampatzidis.georgios@ac.eap.qgr anarmeni@med.uoa.gr

Abstract

Coronavirus disease 2019 (COVID-19) was first described in December 2019 in Wuhan,
Hubei province, China. A novel coronavirus was identified as responsible for the disease,
known as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The spread of
the COVID-19 has led to a pandemic with unprecedented consequences; until May 2021,
the cumulative cases of laboratory-confirmed diagnosis of COVID-19 had already risen
up to 170 million, while the number of deaths exceeded 3.3 million globally. Measures
such as good hand hygiene, social distancing, use of face masks and quarantine have been
prescribed by entities such as World Health Organization (WHO) to limit the number of
new cases. However, the degree of acceptance and adoption of protective measures seem
to differ among public in terms of variables such as gender, age, personality traits and
knowledge about COVID-19. Considering that (a) adequate knowledge about COVID-19
seems to enhance the acceptance of protective measures, and (b) the fact that young
people show low acceptance and adoption of protective measures, we decided to design a
learning environment aiming to support students in building understanding on SARS-
CoV-2 transmission and prevention. Our design is theoretically driven by the problem-
posing approach and integrates NetLogo models, which simulate the transmission and
perpetuation of SARS-CoV-2 when strategies such as using a face mask, quarantining
and social distancing are adopted or not. In this article we present our learning
environment and discuss its characteristics and limitations.

Keywords: COVID-19, SARS-CoV-2, biology education, learning environment,
simulation models

Hepiinyn

H vocog COVID-19 meprypdonke yio mpdtn @opd tov Aekéuppro tov 2019 ot INovyav,
omv enapyio Xovunél g Kive. "Evag véog kopovoiog avayvopiomke o vredBouvog yio
™V acBEveLn, YvmoToc g Kopovoidg coPapod 0&€og avamveLsTiKoh GLUVOPOUOL TOTTOV 2
(SARS-CoV-2). H eg&amiwon g COVID-19 odfqynce oe movonpio pe TPpOTOPAVEIS
ovvémeleg: nExpt Tov Mduo tov 2021, ot epyactnplokd emPePoatwpévec dayvdoelg g
COVID-19 avépyovtav Mom oe 170 exatoppdpla, eved o aplBudc tov Boavitov
Eemepvovioe ta 3,3 exatoppdplo TayKoopime. Métpa dmmg 1 KOAY LYLEWVT] TOV YEPIDV, T
KOWMVIKI] 0TOGTOGLOTTOINGN, 1 (PNOT HACKAS Kot 1 Kapavtivo tpoteivoviol and gopeig
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omog o IMaykoéopog Opyaviopuds Yyeiag (ITOY) yia tov mepopiopd tov aplbpod tov
VEOV KPOLGUAT®V. Q6TOGO, 1 0modoYN Kot VIOOETNON TPOANTTIKOV UETPOV POIVETAL VO
e€aptator and petaPfAnTtég OTWS T0 VA0, N NAKiO, XUPOKTNPIOTIKA THG TPOCOTIKOTNTOG
Kal ot yvooelg oxetikd pe v COVID-19. AouBdvovtoc vrdéynm o6t (o) 1 yvdon g
COVID-19 @aivetar va gvioyvel TV amodoy] TPOANTTIK®V HETp®V Kot (B) To yeyovodg
OTL 01 VEOL OElYVOLV YOUNAT 0I0d0y Y| Kot VI0OETNON TPOANTTIKGOV UETP®V, ATOPUGIGAIE
va oyedldoovpe €va podnctokd meptBdAiov pe otdyo vo vrootnpi&ovpe Tovg padnTéC
TNV 01KOOOUNON KATOVONONG

v T petdooon kot TpoAnyn tov SARS-CoV-2. O oyedlacpdg pog avtiel otoyeio amd
TN OWOKTIK OTPATNYIK) TNG TPOCEYYons Me Pdon £€va Kevipikd epdOTNUO Kol
evoouatovel poviédo NetlLogo, ta onoio Tpocopot@vouy ) petddoon tov SARS-CoV-
2 6tav vioBetovvtan 1 Ol TPOANTTIKG UETPA. O™ M XPNON HACKAG, 1) KOPAVTIIVOL KOl 1)
KOW®VIKY] 0TOCTAGIONONGN. X avtd T0 apBpo mapovoidlovpe T0 pobnoclokd pHog
nepIPAALOV Kol GUINTALLE Y10 TO YOPOUKTNPLOTIKA KOl TOVG TEPLOPLGHOVS TOV.

AgEaig-krhewnd: COVID-19, SARS-CoV-2, odidaxtikny tg  Pirotoyiag, unobnoioxo
wePfarlov, poviéda Tpooouoiwans

Introduction

Coronavirus disease 2019 (COVID-19) was first described in December 2019 in Wuhan,
Hubei province, China. Chinese scientists isolated a novel coronavirus responsible for the
disease, known as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The
incubation period is between 2 and 14 days and common symptoms of the disease are
high body temperature, cough, sore throat, dyspnea, low energy or tiredness and
weakness. Clinical manifestations are wusually of moderate severity but in
immunosuppressed, in those with comorbidities and in the elderly, it advances to
pneumonia, acute respiratory distress syndrome (ARDS) and multiple organ failure
(Rufaida et al., 2021). The spread of the new COVID-19 virus in early 2020 has led to a
pandemic with unprecedented consequences; until May 2021, the cumulative cases of
laboratory-confirmed diagnosis of COVID-19 had already risen up to 170 million, while
the number of deaths exceeded 3.3 million globally (Rosolanka, Henao-Martinez, Pisney,
Franco-Paredes, & Krsak, 2021).

The transmission of the virus is mainly facilitated between humans at close range or
through respiratory droplets that are produced by conversation or coughing or via direct
contact of the hands and the mucous membranes or mouth. Subsequently, the validity of
face masks and plexiglass boxes as protective systems could be affirmed, as they isolate
the diffusion of aerosol particles that are dispersed by infected people (De Vito et al.,
2021). Quarantine can be imposed from 7 to 14 days in high-risk exposures, accompanied
by testing if the interval of 7 days is chosen. Monitoring for the development of
symptoms as well as testing is recommended for people who have been in close contact
or live/work with vulnerable individuals. Unless they develop new symptoms, quarantine
is not required for people who have overcome the disease within the past 3 months and
recovered (Rosolanka et al., 2021). As prescribed by World Health Organization (WHO),
simple measures to prevent the virus spread are the following: (a) hand hygiene: regular
handwashing with soaps or cleaning hands with alcohol-based hand rubs, (b) social
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distancing: avoidance of visiting crowded places and maintaining at least 3 feet distance
from other people, (c) respiratory hygiene: during sneezing or coughing, use of a tissue or
coverage of the mouth and nose with the bent elbow or use of a face mask outdoors, (d)
stay home and stay safe: self-isolation in case of symptoms of cough, fever or headache
(Daverey & Dutta, 2021).

The measure of acceptance and adoption of protective measures seem to vary among
public. It seems that gender and age are important predictors; males and young people
show lower acceptance and adoption of protective measures than female and older people
respectively. Moreover, high rates of trust in politics and trust in science seem to
positively influence the acceptance and use of protective measures against COVID-19
(Dohle, Wingen, & Schreiber, 2020). Furthermore, personality traits seem to predict the
degree of adoption of protective behaviors (Paiva, Cruz-Martins, Pasion, Almeida, &
Barbosa, 2021) as well as the level of knowledge about COVID-19 and the attention
payed to the media (Ning et al., 2020).

Considering (a) the fact that knowledge about COVID-19 seems to enhance the
acceptance of protective measures (Ning et al., 2020) and (b) the fact that young people
show low acceptance and adoption of protective measures (Bazaid, Aldarhami, Binsaleh,
Sherwani, & Althomali, 2020; Dohle, Wingen, & Schreiber, 2020) we decided to design
a learning environment aiming to support students in building understanding on SARS-
CoV-2 transmission and prevention. Here we present our learning environment and
discuss its characteristics and limitations.

Overview of the learning environment

Our design is theoretically driven by the problem-posing approach (Ampatzidis &
Ergazaki, 2018; Klaassen, 1995; Knippels, 2002) which suggests that students should (a)
know what they do, why they do it and what they will do next, and (b) be provided with a
global and a series of local motives. A global motive is a question that should evoke an
interest in and motive for a study of the particular topic, while local motives are questions
that motivate the main phases of the exploration within the learning environment (Lijnse
& Kilaassen, 2004). So, our learning environment is driven by (a) the global/overall
question ‘how SARS-CoV-2 transmits and how its transmission may be prevented?’
which is addressed at the very beginning and (b) a series of local/partial questions which
aim to highlight the impact of different factors and protective measures involved in the
transmission of SARS-CoV-2. Answering the local questions is supported by exploring
NetLogo models with the aid of worksheets that require predictions about the presence of
SARS-CoV-2 in a human population before using the model and explanations afterwards.
Going successfully through these is necessary for answering the local questions, while
answering the local questions is necessary for answering the global one. Finally, we note
that our learning environment is designed to be implemented in a distance education
context — students communicate through chat/video conferencing and run the models
online.

The NetLogo models in detalil

The three models used within the learning environment are based on the ‘virus model’
(Wilensky, 1998) and they simulate the transmission and perpetuation of SARS-CoV-2
when strategies such as using a face mask, quarantining and social distancing are adopted
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or not. The interface of the models include the following: (a) a series of boxes showing
the percentage of infected people, the percentage of immune people and the number of
years passed in the simulation, (b) a simulation window showing the individuals in
different colors (green for the healthy people, grey for the immune people and red for the
infected people), and (c) a graph window showing changes regarding the population of
healthy, immune and infected people with time. Below we describe the NetLogo models
(NM) in detail.

NM 1introductory

NM1 starts with a number of people, a percentage of which are infected. People move
randomly in one of three states: healthy (green), infected (red), and immune (gray).
Healthy people (green) are susceptible to infection and infected people (red) are
infectious. People may die of infection or old age. If people don’t die of infection, they
get immune (gray). When the population gets lower than the environment’s ‘carrying
capacity’ (it is set at 500 in this model) healthy people may produce a healthy offspring
which is susceptible to infection.

Parameters such as the size of the initial population of people, the percentage of people
who are initially infected, the infectiousness of the virus and the degree of immunity may
be set by the users in this model. Immunity is secure (i.e. an immune person is not
susceptible to infection); moreover, the duration of immunity may be set by the users.
Finally, users are able to set the chance that people who get infected have to recover and

length of time people may be infected before they either recover (and become immune)
or die.
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Figure 1. The NMZingoductory-

3.2N quuarantine of the infected

NM2 starts with a number of people, a percentage of which are infected, the same way as
in NM1. People again move randomly in one of the three states: healthy (green), infected
(red) and immune (gray). The difference here is that when people get infected, they are
put into quarantine (they stop moving). People die and reproduce the same way as in
NML1. Finally, users are able to set parameters such as (a) the size of the initial population
of people, (b) the percentage of people who are initially infected, (c) the infectiousness of
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the virus, (d) the degree of immunity, (e) the duration of immunity, (f) the chance that
people who get infected have to recover and (g) the length of time people may be infected

before they either recover or die in NM2 as well.
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Figure 2. The NMunarantine of the infected-

N Mgsocial distancing

NM3 starts with a number of people, a percentage of which are infected, the same way as
in NM1 and NM2. People again move in one of the three states: healthy (green), infected
(red) and immune (gray). The difference here is that their movement is not totally
random: people tend to avoid each other, walking away from the closest person each
time. People die and reproduce the same way as in NM1 and NM2. Finally, users are able
to set parameters such as (a) the size of the initial population of people, (b) the percentage
of people who are initially infected, (c) the infectiousness of the virus, (d) the degree of
immunity, (e) the duration of immunity, (f) the chance that people who get infected have
to recover and (g) the length of time people may be infected before they either recover or

die in NM3 as well.
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Final notes

Computer simulations have been widely used in science teaching (Rutten, VVan Joolingen,
& Van der Veen, 2012) for they are assumed to support learners in visualizing dynamic
processes taking place at organization levels or time-scales that cannot be easily accessed
otherwise (Ergazaki & Zogza, 2008). Computer simulations may represent important
aspects of the natural world that are too complex or abstract to deal with in a more
concrete way, and thus function as greatly effective tools for education (Smetana & Bell,
2012). Drawing on the above, we designed a learning environment that aims to support
students build understanding on how SARS-CoV-2 transmits and how its transmission
may be prevented. Students are engaged with exploring NetLogo models with the aid of
worksheets that require predictions about the presence of SARS-CoV-2 in a human
population and explanations afterwards. We argue that the three NetLogo models that
simulate the transmission and perpetuation of SARS-CoV-2 support students to
understand how the virus may transmit and how effective protective measures such as (a)
decreasing the virus’ infectiousness by, for example, people wearing face masks, (b)
quarantine of the infected and (c) social distancing may be. Considering the fact that
young people show low acceptance and adoption of protective measures, we argue that
learning environments like ours have the potential to raise awareness on protective
measures among students and thus support the effort to contain spread of COVID-19.

Limitations

We argue that our learning environment may help students understand how decreasing
the virus’ infectiousness by wearing face masks or cleaning hands with alcohol-based
hand rubs influences the percentage of infected and healthy people over time. However, a
comparison of effectiveness between hand hygiene and using face masks is not possible
within our learning environment. Moreover, quarantine of high-risk exposures is not
simulated by our models. In a next version of our learning environment, we plan to
elaborate the NM2 so the quarantine concerns also the people who have had close contact
with an infected person. Moreover, we plan to modify how being in quarantine is
simulated in our model so instead of stop moving, people in quarantine may prevent
others from getting close to them.
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