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The COVID-19 pandemic has caused tens of thousands of deaths
and millions of human infection across the world. Hundreds of cities
have been locked down within just a few months' time. Whilst this
worldwide problem is still being tackled on various fronts, including
economic, political, cultural, social, ethical, and legal ones, STEM
remains a cornerstone in the global effort to contain a pandemic of
such scale.

If STEM is essential in tackling such a catastrophic health threat,
asking what lessons STEM educators could learn from this pandemic
is reasonable as they are riding the tide of STEM-education reform.

STEM education is concerned about developing our younger
generation's knowledge about STEM and their capability to apply
different areas of knowledge in an integrated way to solve authentic
problems. A STEM literate should also be able to make use of
STEM knowledge and scientific thinking to disentangle STEM-
related issues with implications in the well-being of society, as well
as contribute to informed decision making about such issues as a
responsible citizen.

Assuch,educatorscould delveinto several areastoenhance students’
STEM literacy in the face of this pandemic. Sadly, hard lessons need
to be learned about the nature of science, the roles of STEM and the
interrelationship amongst its four disciplinary components, and the
interactions between STEM and society. This article does not aim
to discuss the pedagogy for STEM educators or teachers to teach
these areas using the pandemic but rather focuses on identifying
issues or questions that could be raised for discussion with students
to further develop their STEM literacy. Understandably, these issues
are not exhaustive, particularly considering that the pandemic is not
yet over and scientific discoveries continue to emerge.

Role of science

Similar to SARS that occurred in 2003, science has played an
instrumental role in tackling the current crisis. Science is able
to furnish evidence to validate hypotheses, thereby providing a
concrete basis for health professionals and policy makers to devise
effective ways of containing the disease, and for pharmaceuticals to
develop test-kits, drugs, and vaccines to save lives. The wearing of
face masks and social distancing in developed and less developed
countries alike vividly exemplifies the influence of science on
policy making. These two protective measures are backed by
scientific evidence demonstrating the effectiveness of face masks in
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preventing human seasonal coronaviruses transmitted by droplets,
and the distance over which virus-borne droplets are able to transmit.
The initial scorn for wearing masks has gradually been replaced by a
more positive attitude in many Western countries. Singapore, which
initially discouraged residents except people showing symptoms
from wearing masks, has made a dramatic 180-degree turn to make
mask-wearing mandatory for citizens going outdoors. This country
even imposed a fine of 300 Singaporean dollars for noncompliance.

Questions for discussion:

What examples other than wearing face masks and social
distancing could be drawn from the COVID-19 pandemic to
demonstrate the contribution of science to public policy making
for managing health crises?

What other aspects do scientists need to research to contain
the disease?

Nature of science

More than a decade ago, in the aftermath of the SARS epidemic, |
wrote an article about using SARS as a case to explore the roles and
nature of science, and the related implications for science education
(Lee, 2008). Many learning opportunities arising from the SARS
epidemic apply equally to the COVID-19 pandemic. For instance,
students could learn about the importance of evidence-based
arguments, the roles of collaboration and competition within the
scientific community, and the influences of the social and cultural
milieux on the progress of science. This pandemic supplements
existing evidence on these tenets of the nature of science and sheds
light on the others, as discussed below.

Science is evidence based

Evidence is expected to underpin scientific theories and hence
public policies. More unequivocal evidence leads to higher
credibility of theory and public policy. However, not all people
on the street appreciate the painstaking process undertaken by
scientists in search of unequivocal evidence to the best of their
ability and as far as circumstances allow. As a priority, scientists
search for experimental evidence with adequate controls to validate
hypotheses. However, under circumstances where experimental
evidence is unavailable, that is, where only circumstantial evidence
or at best correlational evidence exists at their disposal, scientists
have to tolerate reasonable doubts about their hypotheses or
theories. Moreover, laymen often experience difficulties in discerning
the validity of different types of evidence and are prone to arrive
at conclusions without the support of evidence beyond reasonable
doubt. An example of a case in question is the evidence supporting
face masks as an effective preventive measure for COVID-19.
Such evidence apparently originates from three sources. First, the
infection rate is relatively low in places such as Hong Kong where
mask wearing has become a habit since the occurrence of SARS.
Second, the popularity of people wearing face masks seems to
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be negatively associated with the rate of infection across different
countries, such as Hong Kong, Korea, and countries in Europe.
Third, controlled experimental studies on randomised samples
of hamsters have shown that face masks are effective to prevent
infection by seasonal human coronaviruses (Leung et al,, 2020).

Questions for discussion:

Which of the three sources of evidence about the effectiveness
of face masks belongs to (1) circumstantial evidence, (2)
correlational evidence, and (3) causational evidence?

Which type of evidence is the most credible, and which one
the least?

How reliable are the data of infection and death rates in
underpinning policy making for COVID-19 containment in light
of recent findings, such as the occurrence of asymptomatic
cases?

Theories and hypotheses

The most extensively publicised controversy related to COVID-19 is
probably the origin of the virus SARS-CoV-2. Scientists, politicians,
government leaders, and even laymen have put forward conflicting
hypotheses or ‘theories’ as to where the virus originated. One of
these hypotheses or ‘theories’ is the transmission from horseshoe
bat of a coronavirus that shares 96.2% similarity in their genome
with SARS-CoV-2 to humans through an unknown intermediate
host (Zhou et al.,, 2020). The others include the so-called ‘conspiracy
theories, amongst which the most prevalent are the alleged
malicious introduction of the virus to Wuhan by foreign agents
and the accidental leakage of the virus from a laboratory in Wuhan
(Boxwell, 2020).

Questions for discussion:

What is the difference between theories and hypotheses
used interchangeably in the fiery exchange of words between
advocators of different beliefs? What counts as a ‘scientific’
hypothesis or theory?

Are investigations into conspiracy theories within the scope of
science?

Must ‘scientific’ theories stand the test of time?

Creativity in science

In various aspects of science, creativity is manifested in tackling
the current health crisis, including research into the origin,
epidemiology, and pathology of the disease. Whilst some geneticists
postulate genetic susceptibility as a potential factor underlying
different degrees of disease severity as shown by patients across
countries (Kaiser, 2020), others have attempted to answer the
same problem by attributing different responses to the virus to
the possible emergence of mutant COVID-19 strains with different
pathogenicities in various geographical locations (Yao, 2020).



RRAEERXRE  FIUEREFEREFRAEREBNN
BIMABEMHEER (Senanayake, 2020) ° BERTEA
EREE AR BREFER  BEELUFEXEAR
BENBRFEEE - ERLHNBBHE  MBAMEZSE
BRZ AR ERASEEEREE -

BEID]S

o AIZEERBEAMEHANEE MEEREHAARKENR
H—MRE - AIZELUERETERS » BEAMXEHRIE
WL EE ?

o MEBMENAAE MXTANMBEBHBEMNEREM?

HERHgRRRX(LEREE

ERFEERFESRENERRS  ERRTRERENS
—EEARRA: RESZILFRBNULESHE - 155
EFEMLEET  REZFBARERIABBHETHE K
SAERNMEBBEETELAINARNER  EEZHRRS
@ (McCarthy, 2020) o

S
. BENEEASHHEBEANE ST
o STEMEBANMEHEARS P GBER L

SERNE?

S'‘T'E-M(H2 - 8¥ I8 B
B) ZHARE

HBEBEK

MRANMEBRNRZEBERNAN - BENKEEREEE

SNAEREFEDE - FHEEHRRS - WREERERE

HBEERANMS - SBBEEERILHFSING - RERER

BERRENE  ERSREFBAKZIER » FHELER
g8

REREBEABRTREZFRERR - ELUKFCERE

(RETEERE) ENEERRRHZE - REER
BRUERS o

Another explanation for the varying degrees of severity both in
young- and old-age cohorts is cross-immunity resulting from
previous infection by other coronaviruses (Senanayake, 2020).
These seemingly conflicting and creative hypotheses are imperative
in tackling the problem from different angles so as to expedite the
discovery process typical of science. This kind of creativity becomes
more important than ever when a novel scientific problem with little
information about its epistemology available is involved.

Questions for discussion:

Why is creativity, an extreme form of divergent thinking, so
important to science even though creativity is seemingly
incompatible with the tendency of science to seek singular
unified explanations of natural phenomena?

How does science capitalise on creative thoughts without
compromising the validity of the knowledge discovered?

Science is influenced by social and cultural milieux

The existence of the many theories about the origin of SARS-CoV-2
virus reflects another basic tenet of the nature of science, that is,
science is influenced by the social and cultural milieux. Specifically,
the COVID-19 pandemic has borne witnessed to science being
tainted with political or ideological beliefs that underpin some of the
theories discussed herein, to the extent of steering the course of
inquiry (McCarthy, 2020).

Questions for discussion:

Could other examples of science being influenced by culture or
societal contexts in the past be recalled?

How could STEM literacy help citizens identify influences
imposed by cultural and societal contexts?

Inter-relationships amongst S, T, E, and M

Science and technology

If science is the brain behind the war against COVID-19, technology
provides the essential weaponry in winning major battles in this
war. The list of these technological weapons seems infinite. These
weapons include test kits for disease diagnosis, new drugs to kill the
virus, devices such as ventilators to help sustain the lives of seriously
affected patients, negative-pressure isolation wards to prevent
spilling of the deadly virus to the vicinity, vaccines to stimulate the
production of antibodies that eliminate the virus before it causes
any harm, and protective gears to prevent medical staff and ordinary
citizens from contracting the virus. These weapons have been
proven, or likely to be proven, effective in containing the disease in
the short term and eradicating the disease in longer terms.
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Technology and engineering

Technology requires engineering to materialise. Engineering entails
meticulous design and the translation of such design into detailed
protocol to meet specific criteria. In the case of disease diagnosis,
treatment, and prevention, safety rather than efficacy should
come first in evaluating any engineering design. The meticulous
multistage process of vaccine development, involving animal
trials followed by multistage clinical trials with human subjects
exemplifies this rigorous requirement (Bloom and Lambert, 2016).
The health authorities of different countries serve as gatekeepers to
maintain the highest possible safety standards. The manufacture of
new drugs against the virus is also subject to similar requirements.

Engineering and science

Apart from the need to meet stringent criteria, engineers have to face
constraints that impose barriers to meeting these criteria. For the
novel disease COVID-19, money, time, and availability of scientific
knowledge and technological know-how are all major barriers to
producing the essential technological weaponry in dealing with it
(Power, 2020a). For instance, the production of vaccines against
COVID-19 is limited by our knowledge of the level of immunity
required to prevent the disease, and how long this immunity will
last. There is also a possibility that vaccination may make respiratory
infection even more serious based on previous evidence (Corey
et al, 2020). For this reason, vaccine production normally takes
years rather than months to churn out effective and safe products,
assuming that sufficient funding and expertise are available.

Mathematics, science, and engineering

Mathematics is embedded in science and engineering primarily
to provide the necessary tools for modeling natural systems in
science and man-made systems in engineering. Many criteria that
engineering is required to meet are translated into quantitative
specifications in terms of dimensions, quantities, or concentrations
of desired technological products. All of them are representations of
mathematics. In this pandemic, other ingenious uses of mathematics
exist, such as tracing the evolution of the virus SARS-CoV-2 through
phylogenetic-network analysis (Forster et al., 2020) and predicting
the death rates and peaks of infection that may result from different
containment strategies through mathematical modeling.

Questions for discussion:

In the actual manufacture of drugs and vaccines, how do
scientists and engineers work together to yield useful and
timely products?

What criteria should be set for the production of technological
devices such as electronic wristbands for tracking people's
location, to ensure compliance with home-quarantine
requirements?

What are the limitations of mathematical modeling in informing
policy makers of future trends of the pandemic to assist them in
devising containment strategies? (Power, 2020b)
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Ethical issues arising from COVID-19

As discussed therein, STEM literacy encompasses the ability to
make informed decisions about controversial issues based on
STEM-related knowledge and thought processes. In this pandemic,
numerous issues of this kind have been proven difficult to resolve. A
few examples are listed below.

If the rate of COVID-19 infection has grown out of proportion
such that conventional measures (e.g., tracking, quarantine,
and isolation) are no longer possible, should a country resort to
‘herd immunity; which is likely to result in many more deaths, as
a major measure for tackling the pandemic?

Suppose the casualties of the pandemic continue to rise, should
off-label drugs or nonregistered drugs tested to be effective
only in animal trials and small-scale human trials be used in
a desperate attempt to save lives that may not otherwise be
saved?

Should the use of a relatively safe but less effective vaccine
be allowed amidst the high infection and death rates due to
COVID-19 (Klein, 2020)?

Should scientists be allowed to infect healthy, young volunteers
with SARS-CoV-2 in an attempt to fast track vaccine testing for
curbing the pandemic (Eyal et al., 2020)?

If the supply of medical resources including medical staff and
facilities are in short supply, how should patients be prioritised
to receive treatment? Who should be prioritised for treatment
between the young and old or between those with and without
underlying issues?

Would the use of digital contact-tracing tools (e.g., mobile
apps) and the public disclosure of people's movement infringe
individual privacy (Reuters, 2020)?

Science and engineering are not in a position to tackle many of
these questions which go beyond the boundary of STEM into
ethics. Nevertheless, science can enable informed discussions on
these issues by rendering them fact or evidence based and can
importantly prevent the misuse of evidence and biased reasoning.

Questions for discussion:

For the ethical issues suggested above, what essential
knowledge could science yield to help medical professionals or
policy makers reach a balanced solution?
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TR 22 1 & Rearch Impact Prize

A=t The power of supramolecular dissociation: Toxic pollution detection and remediation

R 5°¢ 1 Environmental science - Veterinary antibiotic residues in drinking water, food and children's urine: implication to
children health

MAEZEFL | Environmental science - Toxicity assessment of perfluorbutanesulfonate using fish model

¢ | ZERMEL | Alleviation of heavy metal pollution in soil and its uptake in rice

EREEE T Environmental engineering - Environmental remediation through novel practices for wastewater treatment

T2 BX 3 8 Rearch Output Prize

platform and its environmental application for arsenic removal as a case study. Chemical Engineering Journal,

A=#E#Ed | Zheng, A, Shen, C., Tang, Q., Gong, C. B., & Chow, C. F. (2019). Catalytic chemosensing assay for selective
detection of methyl parathion organophosphate pesticide. Chemistry - a European Journal, 25, 9643-9649.
fAlskEHI% | Yang, L., Wang, P., Yin, J., Wang, C., Dong, G., Wang, Y., & Ho, W. K. (2019). Engineering of incorporation the
: reduced graphene oxide on nanosheet—g-C3N4/perylene imide heterojunction for enhanced photocatalytic
redox performance. Applied Catalysis B: Environmental, 250, 42-51.

! | 230E®EL | Ho, P.Y., Cheng, S. C., Yiu, S. M., Au, V. K. M., Xiang, J., Leung, C. F., & Ko, C. C. (2019). The important role of
coordination geometry on photophysical properties of blue-green emitting Ruthenium(ll) diisocyano complexes
bearing 2-benzoxazol-2-ylphenolate. /norganic Chemistry, 58(17), 11372-11381.

V| MRABER L Ruan, Y., Wu, R., Lam, J. C. W., Zhang, K., & Lam, P. K. S. (2019). Seasonal occurrence and fate of chiral
pharmaceuticals in different sewage treatment systems in Hong Kong: Mass balance, enantiomeric profiling,

: and risk assessment. Water Research, 149, 607-616.

SR FBE L Man, Y. B., Mo, W. Y., Zhang, F., & Wong, W. H. (2019). Health risk assessments based on polycyclic aromatic
hydrocarbons in freshwater fish cultured using food waste-based diets. Environmental Pollution, 11, 113380.
EREEE T Lee, T., Oh, J. I, Yi, H., Tsang, Y. F., & Kwon, E. E. (2019). Fabrication of carbon-slag composite via a pyrolytic

eI
L ZEREL
B EE L

361, 1630-1639.

M E 558 Knowledge Transfer Prize

Teacher professional development programmes with special school teachers for students with intellectual
disabilities on learning progression framework and STEM education
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~-Dr Tho Siew Wel

PhD Graduate

I'm Tho Siew Wei, Senior Lecturer at the Department of Physics,
Sultan Idris Education University, Malaysia. | studied my PhD
programme in the field of science education via remote laboratory
at the Department of Science and Environmental Studies (SES),
The Hong Kong Institute of Education (HKIEd) from 2012 to 2015.
The institute formally became The Education University of Hong
Kong (EdUHK) in 2016. | chose HKIEd because of my career and a
strong interest in the field of education. Besides, I'm also grateful

to the Ph.D. studentship, guidance, and family support received. 4 Tho Siew Wei, his wife and daughters
After 5 years of leaving from Hong Kong, | really miss my old days
in Hong Kong like food, study life, friends, and supervisors.

Thanks for the opportunity to study and learn at HKIEd, my learning experienced in SES (HKIEd) helped me to develop into a good
researcher and teacher educator. Student-centered learning via educational technology is my main research focus and trends in
contemporary science education need to emphasise the benefits of out of lecture room learning experiences to help university link
science with everyday life. With the help of state-of-the-art technology, remote laboratory and mobile devices have the ability to work
as data-logging tools for students to perform hands-on STEM activities and scientific investigation. As a result, searching research
funding and developing new education thinking and products are very essential for researching about using technology to enhance
science learning. In the future, it is important to initiate and create an alternative method/strategy of teaching science including life-

wide learning, experiential learning, and the effective use of STEM education at all levels of education.

_____________________________________________________________________________________________________________________________________________

e

" Dr Yang Yi

PhD Graduate T

My name is Yang Yi. | entered The Education University of Hong Kong (EdUHK) to
study the PhD program in 2016 and obtained my PhD in 2020. Nowadays, personal care
products are becoming more wide-spreading in our environment, and their impacts
have raised global concerns. Attracted by this emerging problem, my PhD project
was dedicated to study the removal of personal care products by sewage treatment
processes. The excitement and experience, gained from this study, introduced me to
the wonderland of scientific research.

Thanks for the support from my supervisor and the university. | had the privilege of
attending conferences and working as an exchange student in the United States,
Germany, and Korea. The rewarding experience fuels the passion of my subsequent
academic endeavor and will remain in my lifelong memory. After graduation, | took

up a postdoctoral fellowship from HKU, and am currently working on a $4.5M project
together with a team of scientists from five universities. Our ambitious aim is to coin
a new group of pollutants that can cause epigenetic and transgenerational effects.

| greatly treasure the training at EQUHK. It bestowed many things on me, such as
independent and critical thinking, generic skills, and the ability to tackle problems
from the perspectives of both science and social science. | would like to share with you
the most important thing that | learned here, a watchword quotes in Tara Westover’s
Educated: “The ability to evaluate many ideas, many histories, many points of view,

was at the heart of what it means to self-create.”

____________________________________________________________________________________________________________________________________
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