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In this volume of the THF Workshop
Reports, we examine the Science,
Technology, Engineering and
Mathematics (STEM) initiative, a
major curriculum and pedagogy
innovation of the last two decades.
STEM is now best understood

as aresponse to the emergence

of a knowledge economy and

the rise of automation in an
increasingly interconnected, global
environment. The traditional
approach to curriculum and
pedagogy is no longer appropriate.

STEM education is associated with
the holistic development of children,
specifically the nurturing of critical
thinking and innovation, traits that
will help them navigate an unknown
future. But are there trade-offs when
focusing too heavily on STEM?

If we have ascertained that
STEM education is the way to
go, how best do we teach STEM?
What are the teacher capacity
building programmes and pre-
service preparations required?

In order to unpack these and other
issues, The HEAD Foundation
organised a symposium on STEM

education where experts presented
their views to an invited audience
of educators and practitioners.

In his presentation, Prof Teng said
that STEM advocates should consider
both workplace and citizenry goals.
His view was that citizens need
both scientific and technological
literacy to make informed choices
on products and services and base
their views on complex issues

like climate change upon an
understanding of evidence. In terms
of pedagogy, he was in favour of
play-based learning, problem-based
learning, project-based learning
and phenomenon-based learning.

Dr Tan in his presentation said
that educators should avoid an
overly economistic orientation to
STEM in education. The future, he
said, is far too unpredictable and as
educators we should avoid efforts
to engineer the development of
particular types of individuals. He
pointed to the need to acknowledge
the differences between the different
disciplines that make up STEM,
and called for greater attention

to be paid to the development of
appropriate pedagogies for STEM.



Assoc. Prof Stevens observed
that many exciting developments
emerging from STEM disciplines
pose significant social challenges.
He went on to argue that

an understanding of social
context and processes must be
factored into the development

of the STEM curriculum and
appropriate pedagogies to
address these social challenges.

Presenters Dr Lim of Science Centre
Singapore and Assoc. Prof Teo of
Singapores National Institute of
Education provided insights into
how Singapores policy makers

and educators are implementing
the STEM curriculum. Science
Centre Singapore in 2013 launched
the Singapore STEM Applied
Learning Programme (ALP) which
is implemented in participating
schools through customised
programmes, teacher capacity
building and partnerships between
schools and industries. The STEM
ALP incorporates a mix of hands-
on activities, project work and
learning journeys. The maker
culture with systems thinking,
computational thinking and design
thinking underpins these activities.

Assoc. Prof Teo reviewed some
literature on processes and issues

in the implementation of the STEM
curriculum. She was optimistic that
these issues could be overcome
with careful planning that addresses
the curriculum design and
evaluation of a STEM curriculum.

The final presentation was by
Chief of Education Sector Group
of the Asian Development

Bank, Dr Panth. Drawing upon
significant reports like Sustainable
Development Goals, the World
Economic Forum’s 7The Future

of Jobs (2016) and reports by
McKinsey on best performing
education systems, he pointed

to the need in the context of the
emergence of globalisation and a
post-industrial society for treating
students as co-creators, the need
for foundational skills beyond
the 3Rs, the STEM initiative as
possessing Industry 4.0 readiness.
He saw transformative power to
shift teaching and learning into
the new directions required to
confront and take advantage of
the challenges and opportunities
provided by the emergence of

the post-industrial society.
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 The question “What is STEM

PAUL TENG

What is
STEM
Education?

curriculum, which stresses narrow,

education?” may be more appropriately  but deep, content and inadequately

phrased as “What do we want STEM
education to be?” as there is no
universal agreement on the scope and
nature of STEM or on its anticipated
student outcomes. STEM is generally
accepted to be made up of elements

from Science, Technology, Engineering

and Mathematics; and yet it is also
generally accepted to not mean
taking all four in toto and combining
them into a single mega-discipline.
In many respects, STEM education
is what we want it to be, and the
educational community’s response
in each local situation is framed to
meet the goals associated with it.

Goals of STEM Education

Both philosophical and pragmatic
underpinnings may be discerned

as to why STEM education is being
advocated. Philosophically, there are
arguments about the weaknesses of

accounts for cross-discipline
explanations of many real-world
phenomena. Pragmatically, the goals
associated with STEM education
include two groups, namely, goals
aimed at the workplace and those
aimed at improved citizenry.

Workplace goals of STEM education:
+ Grounding students in the
processes and attitudes of
mind associated with science
and mathematics, and
engineering and technology

+ Inculcating the ability to take
an integrative, interdisciplinary
approach to problem-solving

+ Acquiring competencies
and character qualities for a
work force of the future



Citizenry goals of STEM education:
+ Science and technology literacy
to make informed decisions

as responsible citizens

» Caring citizens who are concerned
about the environment and society

These are, by no means,
exclusive of other goals.

Using STEM education

to ground students in the
processes and attitudes

of mind associated with
science and mathematics,
and engineering and
technology implicitly
recognises the differences
between the four
disciplines. Science is
used to teach inquiry

and ask questions that
demand evidence to
support conclusions while
mathematics is used to
train logical thinking

and inductive/deductive
processes. Engineering
nurtures design thinking
and helps draw on other
disciplines for solutions
while technology provides
the means to prototype
and create models. From
these, the hope is that
students acquire the ability
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to take an integrative, interdisciplinary
approach to problem-solving, as well
as acquire competencies and character

qualities for a workforce of the future,
such as critical thinking, creativity,

communication and collaboration. In
its 2016 report on The Future of Jobs, the

World Economic Forum (WEF) further

Without
a basic
acquisition of
science and
technology
literacy, it
would be hard
to imagine
how any
informed
choice
decision could
be made on
the plethora
of issues,
products,
devices and
services
that are also
increasing
in their
complexity.

identified several character
qualities important for
future employability—
social/cultural awareness,
adaptability, persistence,
initiative and curiosity—
which STEM education
can help cultivate,
especially through
project-based learning.

The citizenry goals of
STEM education recognise
that modern societies are
increasingly dependent on
science and technology

in everyday life. Without

a basic acquisition of
science and technology
literacy, it would be hard to
imagine how any informed
choice decision could be
made on the plethora of
issues, products, devices
and services that are

also increasing in their
complexity. Examples

of daily life choices that
require at least a minimal



level of science literacy acquired through
STEM programmes include genetically
modified (GM) food versus “natural”
food, organic versus conventional

food, bottled water versus potable tap
water and frozen versus chilled meat.

Responding to Externalities

Societies react to external factors causing

change. Educational systems respond to
the perceived changes in the workforce
and their consequent changed needs.
Sixty-five per cent of children entering
primary school today will have jobs that
do not yet exist! Today, it is fashionable
to talk about the Fourth Industrial
Revolution, a mainly digital revolution
driven by disruptive innovations in
information-communication technology.
Yet technological change is but one of
many trends being observed.

Others include:

« Concern for the environment
(and sustainability)

« Increased urbanisation

+ Globalisation (although
more nuanced)

+ Increasing inequality in society

+ Major demographic changes, especially

in age and geographic distribution

+ Continuing political uncertainty

All of these influence how society will
be in the mid to long term. Inevitably,
the nature of jobs, and the nature of
employment, will likewise change. The
“New World” will have new economies
and jobs that currently do not exist
today, will foster a need for adaptive
skills and core competencies and will
experience a change from employment
to employability. We have already
witnessed a number of jobs become
obsolete. The ubiquitous rickshaw
pullers pictured in the romantic East,
neon light makers and black-and-
white photograph developers are

just a few of the professions that have
fallen prey to technological progress.

Anticipations of the future of work, the
workplace and jobs drive how countries
plan their economies and the people
who fuel those economies. Employment
for people through jobs is important
both politically and socially: "Jobs are
the cornerstone of our economic and
social lives: they give people meaning,
self-respect, income and the chance to
make societal contributions” (Bakhshi
etal., 2017, p. 16). Today, we are already
witnessing a movement towards the
so-called “gig economy” of freelancing
individuals whom WEF describes

as being part of the phenomenon

called “Workforce Autarkies” (2018,

p- 4), where people opt for individual,
independent employment instead of
working in establishments offering
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career paths. A Singaporean newspaper
has even lamented the fact that career

ladders no longer
excite millennials.
While this is exciting as
asocial phenomenon,
in practice, it creates
problems for industries
when there is no
accumulation of deep
knowledge and know-
how, or experience.
Arecent conference
in Singapore

titled “Ecosperity
2018” warned of
contradictions in
current phenomena.
While more young
people are staying
longer at school

and excelling (Asia
claims seven out of
the ten top spots in
global Programme

for International
Student Assessment
(PISA) mathematics
rankings), at the same
time, this does not
seem to adequately
prepare them for the
workforce (46 per cent
of Asia’s employers

report difficulty filling job vacancies

Ecosperity 2018

warned of the
reality that
65 per cent
of children
entering
primary school
today will, in
the future,
have jobs
that do not
yet exist, and
nearly 50 per
cent of subject
knowledge

acquired during

the first year
of a four-year
degree will
be outdated
by the time
students
graduate from
university.

requisite job skills). Ecosperity 2018
warned of the reality that 65 per

cent of children entering
primary school today will, in
the future, have jobs that do
not yet exist, and nearly 50
per cent of subject knowledge
acquired during the first year
of a four-year degree will be
outdated by the time students
graduate from university.

Workers therefore need to
ensure the relevance of their
efforts to prepare for the
workforce. STEM education
is being touted as one
approach to help students
prepare for the future of
work. Can STEM really
provide the skills needed for
amuch-changed uncertain
future of employment?

STEM as a Response

to Produce Desired
Outcomes

Among the skills necessary
for the future workforce are
those identified by WEF:
complex problem-solving,
critical thinking, creativity,
people management,
coordinating with others,

emotional intelligence, judgment

today and only 40 per cent of executives and decision-making, service

believe that new employees have the orientation, negotiation and
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cognitive flexibility. Furthermore, an
article that appeared on Singularity
Hub proposed that skills for the
future include critical thinking and
problem-solving, collaboration
across networks and leading by
influence, agility and adaptability,
initiative and entrepreneurship,
effective oral and written
communication, assessing and
analysing information, and curiosity
and imagination (Bidshahri, 2017).

In many respects, these are the
expected “soft” outcomes of learning
from K-12 school systems, on top

of the mastery of content. Going
back to the earlier discourse on how
STEM can engender some “attitudes
of mind” provided through the four
component disciplines, we need to
ask: “What pedagogies enable STEM
education to provide these skills?”
One proposal is the four “PBLs™:
play-based learning, problem-based
learning, project-based learning

and phenomenon-based learning,

Todd Kelley and Geoff Knowles have
attempted to introduce the concept
of “situated STEM learning” (2016).
In their article, the educationists
proposed a conceptual framework
for integrated STEM education
using the analogy of four pulleys
(science inquiry, technological
literacy, mathematical thinking

and engineering design) to lift a load
(situated STEM learning), helped by a
community of practice comprising a
multidisciplinary group. This is but one
example of how the issue of whether

to teach STEM through its individual
disciplines or through an integrative
approach is being met head-on.

Concluding Remarks

In the end, the following needs to be
asked: “Can STEM education help

to provide the skills and “attitudes of
mind” needed by graduands of our
current school systems to fit into the
environment of new externalities?”
The “jury” is likely still out but progress
has certainly been made using STEM
to break down traditional disciplinary
thinking and imbue more soft skills
into otherwise “hard” subjects

that produce “hard” graduands.

Without doubt, challenges remain.
Among these are the need to
strengthen and revise school
curricula (decisions on whether to
teach STEM as separate subjects
or an integrative subject), change
assessment modes for progressing
students and address the weak
“chinks”, such as teachers and
pedagogies, and parent expectations.
Towards this end, system level
and systemic enablers need to

be provided to encourage a more
holistic STEM approach.
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~ When we consider proposals for
changing schooling, it is almost
inevitable that proponents for change
often invoke economistic reasons.
The typical narrative goes along the
lines that the new economy demands
a different kind of learner and,
implicitly, our collective well-being is
being held hostage by educators who
refuse to change with the times. As
suggested by the title of this article,
arenegotiation of the relationship is
appropriate here. Preparing people
for economic participation may be a
major role of schooling, but it should
be fairly obvious that it is possible to
carry the economistic arguments too
far. Schools deal with changes that
will occur way beyond the envelope
of predictive ability of the best
forecasters; even the most optimistic
seldom place all their bets on one
outcome. More specifically, this essay
proposes more humanistic purposes
for schooling in general, and STEM

MICHAEL TAN

Distancing
Education from

the Economy:
STEM Education for
Humanistic Goals

education in particular. The point here

is not to dismiss STEM education but to
consider, independently of economistic
goals, what an ideal education looks like,
and what domain-specific factors may
interfere with our attainment of this ideal.

Broadly, the grounds for such a distancing
lie in recognising the complexity of

the phenomena of education and,
concomitantly, the risks of attempting to
engineer the “development” of particular
types of individual. Much has been written
about the particular difficulties faced

in education: unlike other professions
such as engineering, or even medicine,
where the client’s cooperation is not
needed, authentic education (as opposed
to indoctrination) cannot happen unless
our clients actively participate in their
learning (Labaree, 2004). It is important
to recognise that many STEM education
research efforts attempt to make use

of flashy new technologies as a way to
engage and enthuse learners to work with


https://paperpile.com/c/bsSlwh/9N2F

conceptually difficult material. Here, it
can be hard to resist the temptation to
adopt the mechanistic metaphor and
consider that STEM education research
needs to adopt models deemed successful
elsewhere. In the first instance, some of
the claims of “educational effectiveness”
of these novel technologies can be taken
too far (Bayne, 2015; Selwyn, 2016).
Second, it can also be easy to get swept
up in the notion that because the future
will be filled with many unfamiliar pieces
oftechnology; it is “important” to tell our
students how these devices work. Doing
so may be a form of technological cargo
cultism (Dexter, 1999; Hattie & Hamilton,
2018; Hughes, 2010): understanding
technology may be a necessary condition
for innovativeness in the future, but
without comprehension of the complete
set of sociocultural contextual factors,
such efforts will be as effective as using
bamboo radio sets when signaling
cargo-bearing aircraft to deliver their
wares to islanders in the South Pacific.

Third and most significantly, education
cannot be thought of as a form of
engineering (Dewey, 2009). In a similar
vein, Gert Biesta (2016) argues that the
process of education constitutes an
irreducible risk that cannot be controlled
via our usual systems and structures:

“The risk is there because students

are not to be seen as objects to be
molded and disciplined, but as
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subjects of action and responsibility.
Yes, we do educate because we want
results and because we want our
students to learn and achieve. But that
does not mean that an educational
technology; that is, a situation in which
there is a perfect match between
“input” and ‘output; is either possible
or desirable. And the reason for this
lies in the simple fact that if we take
the risk out of education, there is a real
chance that we take out education
altogether” (Biesta, 2016, p.1)

Discourse about STEM education can
easily miss out substantive discussions
about the content, purpose, and
relationships of the proposed intervention
(Biesta, 2013). Why, and what is to be the
ideal relationship between the educator
and the educated needs continual
interrogation. Biesta argues that an ideal
end lies in what he terms a “dialogic
emancipation’—education that liberates
one to achieve an expanded range of
possible outcomes, but performed
through a process where educator and
educated recognise their mutually
complicit nature in their oppression.
STEM (and all other) teachers, by virtue of
their position as gatekeepers, often only
recognise canonical sociocultural forms
of expression as legitimate. While most
would consider this to be unproblematic,
any form of useful innovation requires

an act of transgression of the bounds of
normally acceptable discourse. If we ever
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want our students to do more than
simply reproduce culturally acceptable
forms of knowledge, teachers need to
nurture students in acts of “productive”

and socially acceptable forms of

transgression, always being conscious
of their dual role of gatekeeper and

agent provocateur.

If we accept that an
ideal STEM education
needs to acknowledge
the complexity of
education, especially
if we desire broader
sociopolitical goals, it
would be appropriate
now to consider some
significant problems
worth solving in order
for STEM education
to meaningfully
contribute to the
educative experience.
In my estimation,

not enough attention
is paid to the subtle
discrepancies between
the goals of the
individual disciplines
of STEM. In addition,
the reasoning process
behind innovation is
fundamentally at odds
with conventional

schooling practice. These problems do
not require glamorous, complicated

These diverse
goals do not
imply any
incompatibility
among the
conceptual
content of
the STEM
disciplines.
However, the
discrepancy
in ideal end
states of these
intellectual
pursuits can
mean that
educators may
misrepresent
disciplinary
perspectives.

technological interventions as solutions;
they typically only require the simple,
yet hard, appropriate application of
human judgement and integrity.

Discrepancies between
the STEM Disciplines

While we conventionally
consider the disciplines that
make up the STEM acronym to
be tightly integrated forms of
knowledge, a closer examination
reveals that these disciplines are
concerned with very different
goals. In essence, science and
mathematics are interested

in describing the patterns of
nature (Hacking, 1983; Wigner,
1960), whereas technology and
engineering are concerned

with the modification of

nature to create a desirable

goal state (Simon, 1996). These
diverse goals do not imply

any incompatibility among

the conceptual content of the
STEM disciplines. However, the
discrepancy in ideal end states
of these intellectual pursuits
can mean that educators may
misrepresent disciplinary
perspectives. The concern here is
with the fact-value distinction.
Typically, teachers of science
and mathematics who now

have to teach STEM lessons often deal
with matters of fact, while technology

Distancing Education from the Economy
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and engineering, driven by design, are
concerned with the ideals that ought
to be made real. Such values are driven
by a wide range of interests, and can
interfere with what a science teacher
may consider essential knowledge of
the discipline. Even if design is not
considered to be part of the STEM
approach, problems may arise: while
technological devices can (and
should) be used as part

of introductory activities

... any sort of

abductive reasoning appears to

be the central cognitive process

across many disciplines. Instead

of scientific knowledge increasing
through inductive accretion,
contemporary understanding suggests
that an abductive, or hypothetico-
deductive, method is a more accurate
representation of scientific discovery
(Lawson, 2005, 2010; Magnani & Li,
2007; Simon, 1973). As with
any form of innovation that

to arouse wonderment innovation is considered generally,
among learners, it is more nd the reasoning process
than likely, unfortunately, 3 occurs with people making
that these gadgets become knowled ge speculative suppositions,
unnecessary distractions pro duction then checking these
or are us.ed for lower—le\./el process mu st suppositions by testing
goals, without ever getting ke th for results that these
to the more difficult ideas take the hypotheses entail

stein, 2013; Cuban, antzen, 2016; ani,
(Blikstei Cub risk to make Magnani
2001; Resnick, 2017). If the mistakes 2001; Shank, 1998).
goal is for teachers to move Unfortunately, this form

. and, more o

past cultural reproduction . e of reasoning is also
to transgress boundaries, sign ificant Iy: functionally identical to
teachers can spend too |ea rn fro m the very common logical
much time focusing on these error of affirming the
the complicated (and . consequent (Ferguson,
trivial) rather than the mistakes. 2018), something that
simple (and hard). schools strive very hard

The Reasoning Process

of Innovation

If the STEM disciplines are
distinguished by their goals, they
are united by their processes of
discovery. Here, the process of

STEM Education: An Overview

to teach their students to refrain from
making. The dominant schooling
culture trains students to be risk-averse,
to only accept the “right answer™. It is
much less common to teach students
how to learn from their mistakes; to
break something and then understand
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how assumptions made prior were
faulty. Herein lies what may be a central
tension for schooling: schools are
interested in indefeasible reasoning,
whereas any sort of innovation and
knowledge production process must
take the risk to make mistakes and,
more significantly, learn from these
mistakes. The concern here is that
schools may not be ready to give up

the epistemic safety net of being the
gatekeepers of the “right answer”, and
instead work in the “grey zone” of being
“probably right, but let’s find out™.

References

Conclusion

To be fair, it is probably not disputable
that education needs to prepare
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Introduction
STEM education, in Singapore as

elsewhere, is often marked by a
relativity narrow focus on specific
scientific and technical disciplines. At
the pre-tertiary level in particular, it is
based on teaching “classic” disciplines
such as mathematics, physics,
chemistry and biology as distinct
subjects with few or no connections
being made between them. Moreover,
these subjects are rarely integrated with
concepts or approaches from the social
sciences, humanities or arts disciplines.

However, many of the challenges that
humanity now faces—and many of the
problems that STEM aims to solve—are
hardly only “scientific” or “technical”.
One needs to look no further than the
tribulations of the Intergovernmental
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Panel on Climate Change to see that
the issues of global warming are
both scientific and deeply political.
Controlling pandemic disease

or population growth or solving
energy crises will require social

and cultural knowledge as well as
technical know-how. Moreover,
many of the exciting developments
emerging from STEM fields—
artificial intelligence, big data, 3D
printing, to name just a few—pose
significant social challenges. How
will privacy be protected? How
much control should we cede

to machines? What will happen

as workers are displaced from
manufacturing jobs? Such problems
are not wholly technical and require
diverse sets of expertise that draw
on disciplines beyond STEM.



Here, I want to suggest some ways

in which we can bring the social
sciences and humanities into STEM
education. In particular, I argue for the
interdisciplinary field of
science and technology

.We cannot

of the history of science, the history

of technology and the sociology of
knowledge, and continues to combine
approaches from history, sociology,
philosophy, anthropology,
legal studies, media

studies (STS) as a means studies, geography and
through which to understand other disciplines. Most
integrate new and wider technol ogy fundamentally, STS is
perspectives into STEM. without premised on the idea

0)3 (':ourse., ar.l a'I‘gUITleI.lt understandin g that science is a social
for interdisciplinarity is . phenomenon and, more
nothing new; advocates soci ety and importantly, that science
of Science, Technology, we cannot and society are deeply
Engineering, the Arts understand interdependent. Some
and Mathematics . . STS scholars describe
(STEAM) have long $0C ety wit hO ut science and society as
campaigned for more understandin 9  “co-producing” or “co-

arts and humanities
within STEM.! However,
the hard part is actually implementing
interdisciplinarity through concrete
approaches that work in the classroom.
First, I will introduce STS and then
offer insights from the field that
suggest new directions for thinking
about STEM topics. In the closing
section, I will describe two classroom
exercises that demonstrate how

these approaches might be applied.

Whatis STS?
STS has been around for over forty
years. It emerged from the confluence

1 See, for example, http://www.stemtosteam.org.
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technology.

creating” each other
(Jasanoff, 2004): society
“makes” science in its own image,
but also science “makes” society. This
looping also applies to technology:
we cannot understand technology
without understanding society and we
cannot understand society without
understanding technology. From this
viewpoint, teaching STEM together
with “social” disciplines is a necessity
if we really want to understand
techno-science in its full complexity.

Four Provocations from STS

To illustrate some of the consequences
of STS thinking, I put forward four
provocations that challenge our
conventional thinking about science


http://www.stemtosteam.org

and technology. These provocations
are not meant to undermine the
credibility or power of science and
technology (as they have often been
taken to do) but instead provide the
basis for thinking about science and
technology from different perspectives.
These diverse perspectives are a
starting point for opening up STEM
education to other disciplines.

Science is (not) neutral: We often
think of science as a zone of neutrality.
Science is supposed to escape social
and cultural bias. However, STS
scholars have suggested ways in which
cultural ideas, prejudices, norms and
social hierarchies become embedded
in scientific thinking and doing, For
instance, social ideas about gender
roles have long been reproduced in
scientific descriptions. Emily Martin,
for example, showed how in scientific
textbooks, as well as scientific journal
articles, describing human reproductive
biology often reinscribe gender norms.
These texts described sperm as “active”,
“adventurous’, “daring” and “heroic”

in their “quest” to fertilise the egg; the
female gamete, on the other hand,

was “passive’, “waiting; “lonely” and
“helpless” (Martin, 1991). This example
suggests how approaching science
with a sensitivity to language and
social hierarchies can make us more
aware of how bias and stereotypes

can be alive, even in science.

Science is (not) universal: Science

is supposed to be everywhere,
transcending all boundaries and
nations. However, STS suggests the
importance of thinking about cultural
differences in science and technology.
Although “Western” medicine, for
instance, is often taken to be universally
applicable, we know that many other
“traditional” medical practices are used
with good results in various parts of
the world. The effectiveness of various
medical practices has much to do with
culture: what patients believe, who
treats them, how they are treated and
so on. This suggests that, in practice,
science is not universally applicable—
it can, in fact, be quite patchy. And
culture plays an important role in
mediating scientific knowledge and

its uses. Understanding how science
actually works then will depend

partly on understanding culture.

Technologies are (not) neutral: Perhaps
we can find neutrality, if not in science,
then in technology? Surely, objects are
not political? However, STS presents

a compelling case that technologies
too should be seen as “biased” in some
cases. Langdon Winner (1980) gives the
example of Robert Moses, the powerful
mid-twentieth-century urban planner
of New York City. When designing

the city’s highway overpasses, Moses
deliberately made the bridges too

low to prevent the city’s public buses

Beyond STEM: STS as a Complementary Approach



from passing under them. By doing
so, it restricted the access of poorer
(and especially African-American)
communities, which relied on public
transport, to public spaces such as
the beaches at the edges of the city.
Can we say that the overpass bridges
had a political agenda? Perhaps we
should label Moses a racist? However,
Moses is long dead and his “biased”
bridges remain. At the very least, STS
suggests we need to pay attention

to how specific “affordances”

are built into technologies.

The best technologies (don't) always

is hard to change. Technologies “win”
for various reasons—because they
were first, because they had powerful
vested interests backing them or
because they filled some short-term
need. STS suggests thinking broadly
and carefully about the “success”

and “failure” of technologies.

These provocations suggest broader
approaches that go beyond STEM.

In order to understand why some
technologies win and why some

lose and in order to understand the
effects of science and technology
(who benefits and who loses? Who is

win: Sometimes, we can be tempted excluded or marginalised?), we need to
into thinking that the technologies

we have today are the ones that

consider other fields such as sociology,
anthropology, history and philosophy.
triumphed in a fair struggle of
all against all, that they survived

Ethics is important here, but the above
are not merely ethical questions.
because they are the best. Yet there This is not as simple as “should we or
shouldn’t we?”. The kind of questions I

pose here need to come prior to ethical

are many examples from history

which show that the best technology
does not always prevail. The most questions—how can we decide what
famous example is the ubiquitous
QWERTY keyboard, a design from

the late nineteenth century that was

is right or wrong without a clear sense
of who benefits or who is excluded?
devised in such a way to slow down Teaching Digital Literacy with STS
typing to prevent early typewriters How can these ideas from STS be
from jamming when the keys were put into practice in the classroom
struck too rapidly. Although more in ways that will complement
efficient keyboard layouts were
developed subsequently, QWERTY
prevailed due to its already “familiar”

layout. Once we have a standard,

STEM education? There are many
possibilities for developing integrated
approaches combining STS with
STEM. Here I want to outline two

be it a keyboard or a power plug, it exercises from my own teaching in

STEM Education: An Overview



the field of digital literacy. Both are
exercises that I have used in class to
focus on understanding the social,
political and economic implications
of information technologies. However,
similar examples could be developed
for other topics, such as biomedical
or environment-related topics.

Example 1: How does
my phone work?
Almost all students
today have
smartphones, often
even in the classroom.
Thus, this exercise
begins with a simple
question: How does
your phone work? Or,
perhaps more broadly,
what is needed to make
your phone work?

This question leads
initially to technical
considerations: How
do electromagnetic
waves travel? How

are voice data and
internet data compressed into
electromagnetic signals? How does
the cellular system work? Pushed

in other directions, students could
investigate the physics of LCD screens
or the chemistry of batteries.

Using an STS approach, however, will
push students to think more broadly.

Once we have
a standard, be
it a keyboard
or a power
plug, it is hard
to change...
STS suggests
thinking
broadly and
carefully
about the
“success” and
“failure” of
technologies.

Mobile phones need phone towers;
these towers have to be installed and
maintained. Furthermore, the system
would not work and would not be
sustainable if it could not charge
people for calls and data, so there is a
billing system and a business model
to consider, taking us into economics
and business. Also, making
a call uses radio waves
from the electromagnetic
spectrum or a portion of
the spectrum needs to be
reserved for such purposes.
Why was this particular
slice chosen? How did

this occur? This then

leads to an investigation

of standards, regulations
and laws. Moreover, the
screens and chips in
phones need to be made
somewhere, assembled
from parts supplied

from various corners of
the world. This suggests
issues of globalisation

and labour. Finally, some
of those parts are constituted from
rare-earth metals available only in
very specific mines. Understanding
“what is needed to make your phone
work?” includes understanding some
of its environmental impacts too.

This list could, no doubt, be expanded.
The questions it raises could be posed

Beyond STEM: STS as a Complementary Approach



to groups for discussion, take-home
research assignments or in other
ways. In all cases, it gets students to
consider the technical question of
“how does a phone work?” in very
broad social and political contexts.

Exercise 2: What is an algorithm?
The second example also begins with

a question: How does Google (search)
work? Again, this begins along lines that
should be familiar to most students.
And again, this leads immediately to
technical diagnoses: PageRank, how
Google constructs an index of the web
and so on. However, such investigations
may quickly run up against a problem:
we do not know exactly how Google’s
search works because it is proprietary
information. This then begins to open
up questions about transparency and
the role of algorithms in social and

References
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in such a system. This exercise also
raises questions about how search
engines can play a role in constructing
identity, shaping beliefs and reinforcing
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project. In all cases, the aim is to push
students towards thinking about
algorithms as social and economic
systems as well as technical ones.

Jasanoff, S. (2004). States of knowledge: The co-production of science and social

order. London, UK: Routledge.

Martin, E. (1991). The egg and the sperm: How science has constructed a

romance based on stereotypical male-female roles. Signs, 16(3), 485-501.
Noble, S. U. (2018). Algorithms of oppression: How search engines reinforce racism.

New York, NY: NYU Press.

Winner, L. (1980). Do artifacts have politics? Daedalus, 109(1), 121-136.

STEM Education: An Overview



- Preamble
In recent years, there has been a

worldwide movement to promote
STEM as an important discipline
for imparting and learning practical
skills using a problem-solving
mindset through interdisciplinary
approaches. STEM education is
also widely regarded as a crucial
enabler in creating a knowledge-
and innovation-based economy.

Why STEM is Relevant in Schools
Against the volatile, uncertain,
complex and ambiguous (VUCA)
global environment, STEM education
is integral in helping students to
develop employability skills, such

as managing information, thinking
critically and working collaboratively,
to solve complex tasks. It is especially
pertinent for acquiring 21st-

century competencies, developing

a way of thinking that provides the
knowledge, values and skills to make
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informed decisions and participate
actively in the VUCA world, and
contributing to the economy.

STEM education provides an effective
way to transform the way of learning
in schools. STEM will not only train
students to go beyond cognitive skills
like critical and inventive thinking

but will also enhance core skills

such as adaptability, resilience and
resourcefulness. This can help prepare
our youths to be future-ready workers,
as well as help them become lifelong
learners who can unlearn and relearn
as they adapt to the rapid and dynamic
changes in the real world. This acute
awareness is especially relevant to
students in Singapore because the tiny
nation lacks natural resources and has
to rely largely on our knowledge and
innovation to thrive. STEM education
encourages a diversity of talents in
students who will then contribute

to the vibrant STEM industries, and



nurture a society that understands
and embraces new technologies.

Real-World Challenges and
Planet under Threat

The United Nations (UN) has
institutionalised a total of 17
Sustainable Development Goals
(SDGs) to address the many real-
world challenges that we face
collectively as a human race. Many
problems related to the SDGs include
food security, water and energy crises,
natural disasters, global warming,
ageing populations, healthcare
burdens, ocean

transdisciplinary nature of STEM
education, the emergent critical
thinking and complex problem-solving
mindset will also help to address the
SDGs with holistic consideration. For
this reason, STEM is now embracing
the arts (including aesthetics,

design and some social science
disciplines) to advance to STEAM.

STEM education through applied
learning can help students acquire
STEM power to enable them to
develop solutions for a better world
with creativity and empathy.

resource management, STEM Singapore’s Future
biodiversity and education Needs STEM Talents
conservation. Other According to a 2017 report
challenges arising from throu ) h for Dell Technologies by
human behaviours app lied independent research group
and conflicts include learnin g can Institute for the Future,
cybersecurity, wars, the future economy will be

terrorism, traffic

help students

much more diverse, with

congestionandairand ~ ACQU ire STEM  anestimated 85 per cent of
water pollution. Many power to jobs in 2030 not yet invented.
of these issues demand enable them It is, therefore, important
moral reasoning, to cultivate an attitude of
ethical considerations, to develo P lifelong learning in our
accountability and $0| utions fo I a peopleso that they remain
social responsibility. better world relevant and employable

. . . in the face of changes that
STEM as a discipline with creatlwty will be brought about by
can arguably serve to and em pat hy technological advancement
generate innovative and other disruptive factors,

solutions to achieve the SDGs.
With the interdisciplinary and
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such as the displacement of certain
industry sectors. In the August 2018



special Singapore edition of National
Geographic, Prime Minister Lee

Hsien Loong spoke exclusively to the
magazine about his vision of Singapore
as a digital economy hub (Eggleton,
2018, p.6-9). To fulfil this vision, a big
pool of STEM talents is needed, and
the human resource development has
to start in schools. Unquestionably,
the importance of STEM-applied
learning in Singapore has become
increasingly significant for the nation.

The mission of our Science Centre

is clearly stated in the 1973 Science
Centre Act: “To promote interest,
learning and creativity in science and
technology through imaginative and
enjoyable experiences and contribute
to the nation’s development of its
human resource”. This well thought-
out and wisely composed mission
statement is still relevant today. The
Science Centres championing of
STEM-applied learning in our school
curriculum is also aligned with the
vision of Singapore becoming a Smart
Nation, with a future-ready workforce.

Paradigm Shift from
Examination-Driven to
Application-Driven Education
Singapore education is infamously
perceived as examination-centric
even though the Ministry of Education
(MOE) has publicly and repeatedly
de-emphasised examination as

the main evaluation of students’
performance. To further stress this
shift in emphasis, the Ministry has
also removed school rankings and
schools are no longer allowed to
publicise their top students in the
Primary School Leaving Examination
(PSLE). However, examinations

are still very much looked upon

as the main driver in many of our
classroom teaching practices.
Students tend to learn to pass an
examination rather than understand
and appreciate the intrinsic values
and relevance of a subject.

To help shape the education
landscape, our Science Centre,
which is under MOE, is a good
change agent that is in an ideal
position to experiment and push
for application-driven learning,
The premise is to attain real-
world relevance in learning

and let students be empowered
through STEM education.

'The launch of the Singapore STEM
Applied Learning Programme
(ALP) was made possible by former
Minister for Education Mr Heng
Swee Kiat, who, in 2013, painted
the vision of “Every School a

Good School”. The programme is
implemented by resourcing schools
to offer customised programmes,
raising the professional standards

The Why and How of Teaching STEM



of teachers, encouraging
innovation across schools and
promoting partnerships between
schools and industries.

The STEM ALP emphasises
authentic and practice-oriented
learning experiences, and is not
necessarily restricted to vocational
or technical education. It serves
to give students additional
opportunities to acquire STEM
skills and competencies based
on the practical application

of knowledge in real-world
contexts. The STEM ALP is not
an afterschool programme; it
has been integrated into the
mainstream timetable, and
deliberately designed with no

examination associated with it.

STEM ALP Domains with
Industrial Relevance

The STEM ALP incorporates a
mix of hands-on activities, project
work and learning journeys that
draw links between syllabus topics
and real-world applications.

The programmes are also
customisable according to the
student needs of each school.

Eight domains are on offer to

the STEM ALP schools. These
are classified as follows:
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+ Engineering & Robotics
+ ICT & Programming
+ Food Science & Technology
+ Environmental Science
& Sustainable Living
+ Material Science
+ Health Science and Technology
+ Transport & Communication
+ Simulation & Modelling

While schools have identified a
particular domain area that their
STEM ALP is most aligned to, the
interdisciplinary nature of the eight
domain areas means that a school’s
programme can incorporate aspects
from other areas, and other subjects
such as the humanities, the arts and
national education. The philosophy

is to highlight a holistic appreciation
and deployment of interfacing facets
of knowledge, processes, methods and
design thinking in real-world contexts.

The STEM ALP adopts the maker
culture with systems thinking,
computational thinking and design
thinking, addressing specific needs with
technical solutions through hands-on
making. The STEM ALP covers basic
electronics, computer programming
and microcontroller technology. For
example, in a biomedical-related

ALP, students get to integrate and
apply what they have learnt about the
anatomy of the human heart to make
an electronic heartbeat sensor to



collect and interpret pulse rate data.

The STEM education ecosystem

is not complete if the important
partnership with real-world
industries is omitted. Industrial
partnership serves as a platform for
STEM industries to get involved by

encouraging. Many of them witnessed
genuine engagement and collaborative
learning in the classroom. They also
noted that the level of enthusiasm

to learn through this method was
equally as high in classes across

all achievement levels. Parents too
have expressed their appreciation

providing mentors regarding how STEM ALP
or role models for Un que stiona b |y, schools offer all students
students, as well the STEM ALP the chance to blossom,
as professional especially those who
development has hel ped might otherwise have
opportunities for more schools been overlooked because
teachers. Such a develo pa their PSLE performance
partnership helps to . did not qualify them for
new learnin
further enhance the S . e 9 aplace at prestigious or
learning experience P h I l 0SO P hy t h at banded secondary schools
of students because allows their in Singapore. Many parents
industry partners are students to have also expressed their
able to bring with happiness at seeing their

them relevance and
put what the students
are learning in their STEM ALP into
real-world context. Opportunities
are created for students and teachers
to get a sense of potential STEM-
related careers and gain insights

into real-world industry challenges
while industry partners are given

the chance to uplift the image

of STEM-related professions.

The Impact of
STEM-Applied Learning
Feedback from STEM ALP school
principals and teachers has been

enjoy learning..

children have access to
tools like microprocessors,
3D printers and robotics, which
otherwise are available only at elite
schools. Unquestionably, the STEM
ALP has helped more schools develop
anew learning philosophy that allows
their students to enjoy learning because
they are motivated by the intrinsic
meaning and relevance of STEM in
their lives, without having to sit for an
examination at the end of the course.

Shifting the paradigm in the way

a good school is defined has been
fundamentally affected by the
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introduction of the STEM ALP

in Singapore. It has created a
vibrant education landscape
which has subliminally resulted
in teachers, parents and students
progressively moving away from
examination-driven to application-
and relevance-motivated learning.

As employers in the job market are
moving away from—and relying
less on—paper qualifications
and academic grades, STEM
education has been placed

in an advantageous position.
More and more companies are
looking at internship experience
on students’ CVs rather than
pure grades alone, while

some top universities have

also started to directly admit
talented students based on their
personal portfolios of real-world
experiences and hands-on
projects. The power of STEM

is, indeed, something that all
students should acquire during
their formative years at school.

Essential Factors in

STEM Education

The education system in Singapore
is heading in the right direction

by pursuing STEM-applied
learning. The nation is relentless

in its quest to enable STEM
education because our leaders
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can see its strategic implication in

our human resource development.

A skilled nation with a lifelong
learning aptitude is good for the
growth of the nation. The following
factors should therefore be managed
and enhanced for success and
sustainability in our STEM education:

« to grow synergy and strategic
alliances with formal and informal
education agencies and industrial
and academic research and
development (R&D) networks

« to encourage co-creation
with the community, enabling
the youth to take ownership of
their learning and help solve
problems in society through the
process of applied learning

 tomaintain a transdisciplinary
approach for effective STEM
ALP, particularly for students
who are now labelled E.PI1.C., or
experiential, participatory, image-
driven and connected, learners

These factors can be summarised as the
following formula:

Relevance + Empowerment
+ Meaning = Motivation
for learning STEM
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TEO TANG WEE

Challenges in the
Implementation
of STEM in
Classrooms

Die-Hard Problems of
Education Reform

Since the “alphabet soup period™
almost 60 years ago, the science
education fraternity has been
confronted with the challenges
of science curriculum reform.
Science education policy makers,
teachers and researchers struggle
to understand why science reform
often fails to succeed. Professor
Larry Cuban at Stanford University
described this phenomenon as
the “inexorable cycles of school
reform” alike “a large weather
front of uncertain origin moving
erratically and unpredictably
across a region” (2011).

1 This period, in the second half of the 1950s, is
characterised by the emergence of reform materials,
such as the biological sciences curriculum study
(BSCS), the physical science curriculum study
(PSSC) and the chemical education material

study (Chem Study), to improve curriculum
content and instruction in U.S. classrooms.

One area of persistent contention in
curriculum making is the balancing
of horizontal and vertical integration.
Questions such as “Should we teach
in interdisciplinary ways or preserve
the unique disciplinary knowledge of
a subject matter?” and “Should the
curriculum cover more breadth or
depth?” have been revisited over and
over again in the pursuit to answer the
bigger question: “What types of learner
do we want to nurture for the future?”

A similar conundrum about integration
has recently resurfaced in the context
of STEM reform. The STEM wave
originated in the United States and
quickly spread to other countries

in less than a decade. As with all
previous science reform efforts,

the aims (e.g., to raise the quality of
teaching and learning) and intended
outcomes are good. However, the
implementation of the reform plans
is almost always problematic. There



are many possible reasons for this. In
order to address these reasons, I will
frame my discussion around what
Professor Joseph Schwab called the
“four commonplaces of the curriculum”
(1973, p. 508): teachers, students,
subject matter and milieu. Relatively
few papers have reported on barriers
to the successful implementation

of STEM education. In this article, I
will merge insights drawn from a few
reports and broader science education
reform literature to highlight potential
hurdles and also potential ways to
implement STEM in the classroom.

Teachers play a key role in the success
of STEM education. Teachers are the
main agents who orchestrate the STEM
learning experiences for students.
Earlier reports have discussed how
teachers are resistant to change,

lack relevant pedagogical skills or
knowledge to implement the STEM
curriculum, lack confidence, are afraid
of the loss of control and experience
difficulties working with colleagues
from other disciplines. Teachers

may resist change because they do

not see the need to adjust current
practices, especially if their students
have been performing well and any
change might not guarantee similar

or better achievements in high-stakes
examinations. Sometimes, teachers
may undertake a different non-teaching
portfolio that demands more time or
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are already busy writing new lesson
plans or curriculum materials because
of a change in syllabus. In other cases,
they may simply not want to change
anything, for fear that their authority
and reputation may be compromised
if they cannot answer all the questions
that arise during a STEM lesson,

or object to having to get used to a
different working culture comprising
an interdisciplinary team of colleagues.
However, the scholarly community
has pushed back against such science
reform literature for “beating down on
teachers” and attributing the failures
of science curriculum reform to them.

Students are the clientele of education.
Without students, there is no need

for teachers or a curriculum. It is also
reasonable to say that having the

best STEM curriculum and STEM
teachers will not ensure the successful
implementation of STEM, especially

if students resist learning in STEM
classrooms and are not prepared to
learn STEM. Among the different
education theories that discuss how
teaching and learning should take
place in informal and formal contexts,
the most popular theory mentioned in
teacher education programmes is social
constructivism. In science education,
scientific inquiry has been espoused

as the way to teach and learn science,
and this approach underscores the
active participation of students through



dialogue and group work. This model
of learning, however, assumes that all
students know how to work together
through dialogue. Students may resist
such arrangements altogether and
not learn as expected. They may not
wish to engage in the
problem-solving of a
STEM task from the

Before
embarking on

is the purpose of teaching STEM? How
can STEM be enacted in the classroom?

There are many answers to each of
these questions and the current STEM
community does not have a consensus
on what constitutes STEM.
The goals of STEM are
very broad and ambitious.

integrated perspectives . The current narrative
of the four disciplines STEM education 1 for advocating STEM
and seek to have one however , 1t iIs education centres around
best answer. They may im po rtant to the need to have a STEM-

not like the fact that
time in the curriculum
is allocated to a non-

clearly define
the scope of

trained citizenry to ensure
anation's competitiveness
and security. Before

examinable lesson STEM education embarking on STEM

and would rather have so that clear education, however, it
more regular subject- h is important to clearly
based lessons. Some approaches or define the scope of STEM
students may not st rateg I€S MAY  education so that clear
wish to learn because be determined  approaches or strategies
they do not think in order may be determ'ined

that what they learn . in order to achieve

in school is relevant to achieve the desired outcomes.
and will help them t h e d eSi red Currently, the assessment
outside the classroom, outcomes. of STEM learning is

in their future career seldom discussed in

and to the real world. associated literature

Subject Matter encompasses the
comprehension of content disciplines,
their underlying systems of thought
and curriculum materials. This leads to
many questions: How many different
definitions of STEM are there? What
are the goals of STEM education? What

because it is usually not examinable.
However, if STEM learning is
assessed, the alignment of the
curriculum to the final accreditation
mode becomes important.

Milieu refers to the context of STEM
education. The conditions “on the
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ground”, in other words, in the
classroom where the STEM curriculum
is actually implemented, can be very
different from the overall climate

of an education
landscape. This is
because schools
and individuals
(teachers, parents
and students) have
different priorities
and interpretations
of what is more
important

in the short,
intermediate and
long term. Practical
considerations also
come into play, such
as whether there
are institutional
incentives for
offering a STEM
niche programme
(which will take
time to build),

or whetheritisa
good investment of
resources, especially
when the school
already has a well-

established reputation. Furthermore,
some schools are already struggling
to complete teaching the syllabus and
manage other student-related issues
concurrently. Consequently, school
leaders worry about overstretching

The mindset that
STEM can make
a difference to
the future of
our younger
generation,
accompanied
by supporting
conditions
to allow this
mindset to move
from being a
mere belief to
something that is

strongly anchored

in grounded
knowledge and
practices, is key
to its successful
implementation.
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their teachers. Some educators
believe that STEM may be another
fad that will eventually die out. In
contrast, educators who are seriously

considering the merits

of STEM are delving into
deeper issues of STEM
assessment and evaluation
as they are concerned
about having sufficient
evidence to substantiate
and measure education
processes and outcomes.

Catalysts of STEM
Education

What will it take for
STEM to be successfully
implemented in schools
given the variety of
challenges that can
possibly thwart efforts

to push for STEM? This

is a pertinent question.
Additional resources may
be provided to address the
problem of institutional
constraints (e.g., more
time, smaller class sizes).
Teachers can undergo
professional development

to expand their current practices, and
incentives (e.g., acknowledging teachers
as “STEM champions”) can be given

to enhance teaching satisfaction. In
addition, opportunities can be created
for teachers to work across the STEM



disciplines, thus establishing positive
relationships and interactions. Schools
can work on establishing a strong and
supportive STEM culture or ethos as
well as providing teachers with support
(e.g. flexible time for exploration)

in STEM curriculum development.
Teachers can open up their STEM
classrooms for peer learning through
observation. STEM mentors can

be identified and assigned to guide
novice STEM teachers in curriculum
design and implementation. New
teacher education programmes (e.g.,
preservice, inservice, certified or ad-
hoc) may be offered to guide teachers
in integrated and multidisciplinary
curriculum making. More research

in STEM education will provide

more evidence-based practices over
the years. So, it seems that there

is no problem after all! So what is
hindering new curriculum efforts?

A half-hearted attempt at
implementing a new curriculum will
only lead to its eventual downfall.
The mindset that STEM can make

a difference to the future of our
younger generation, accompanied by
supporting conditions to allow this
mindset to move from being a mere
belief to something that is strongly
anchored in grounded knowledge
and practices, is key to its successful
implementation. By “grounded”, I refer
to what is empirically supported by

rigorous studies, complemented by
the tacit knowledge of educators,
and contextualised to take into
consideration the situated conditions
of the place where the STEM
curriculum is implemented. To
achieve this, the diverse stakeholders
from across all of the STEM
disciplines need to exchange ideas
through interactions. How often do
STEM teachers sit down together and
discuss what the STEM mission and
vision of their school are before they
teach STEM in their classrooms?
Perhaps the words “mission” and
“vision” are too institutional, so

how about “STEM goals™? What
types of goal are they? Are they
epistemic, conceptual or social
goals? How about the integration

of the STEM disciplines? Are there
explicit or superficial connections
between the four disciplines? Can
teachers confidently call alesson

a STEM lesson? Where is the
evidence to show that a particular
lesson has achieved the goals set
out in the STEM curriculum? How
do teachers know if their STEM
lessons are successful? By extension,
how do we know if teachers have
competently enacted a STEM
lesson? To address these, we need a
STEM curriculum framework that
addresses the curriculum design and
evaluation of a STEM curriculum.
Having such a framework will
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help to guide teachers in designing
and evaluating STEM lessons.

meriSTEM@NIE

The Multi-centric Education, Research
and Industry STEM Centre at the
National Institute of Education
(meriSTEM@NIE) has developed

a S-T-E-M Quartet framework as
shown in the diagram below.

The S-T-E-M Quartet is a framework
that has four key characteristics:

(1) problem-solving as an overarching
frame, (2) problems at its core,

(3) afocus on connections between the
disciplines and (4) S-T-E-M as the four
disciplinary domains.

Figure 1 shows the connections
between the disciplines and
their relationships to problems
and problem-solving. Vertical
learning is characterised by the
deep content learning within

a single discipline. Horizontal
connections refer to the links
between disciplines. More
details about the meriSTEM@
NIE S-T-E-M Quartet can be
found in other publications,
such as Tan et al. (under
review). Essentially, having
such a framework offers a good
guidepost for teachers, the key
orchestrators of implementing
STEM in the classroom.

Legend:

Levels of connection

— Strong

Moderate

Figure 1. The S-T-E-M Quartet is a framework to guide curriculum

design and act as an evaluation tool to assess STEM tasks.
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- For developing countries to leapfrog
development, it is important for
them to target higher-level skills.
However, fostering higher-level skills
first requires ensuring foundational
skills. In addition to the 3Rs (reading,
writing and arithmetic, —or literacy
and numeracy) expected from school
systems, foundational skills now
include digital and soft skills, also
known as 21st-century skills. Despite
significant progress in educational
participation and attainment in

Asia and the Pacific over the past

40 years, around 100 million school-
aged children are still out of school
(K-12) and many more are graduating
school without adequate learning.
Developing countries that are facing
serious challenges in improving
learning for all face additional
challenges of attracting, preparing
and retaining competent teachers
and principals who can ensure
21st-century skills for all students.

BRAJESH PANTH

STEM Education
to Drive Learning
and Innovation

Research clearly shows that the quality
of education, as reflected by students’
scores in tests such as the Organisation
for Economic Co-operation and
Development (OECD)’s Programme
for International Student Assessment
(PISA) and Trends in International
Mathematics and Science Studies
(TIMSS), rather than quantity of
education, is associated with economic
development and innovation. These
tests assess students’ understanding

of mathematics, science and reading,
Compared to average years of
schooling, developing countries can
attain much higher economic growth
if they are able to improve their PISA
test scores to meet the average across
OECD countries (with 85 per cent of
students attaining test scores of 400

or above), and, if 15 per cent of those
who take the test are able to attain
average scores of 600 and above, they
will also be able to improve innovation.



Global Trends and Their

Impact on Education

Sustainable Development Goal 4

(SDG 4) aims to “ensure inclusive

and equitable quality education and
promote lifelong learning opportunities
for all”, to ultimately “transform

lives through education, recognising
the important role of education as
amain driver of development and

in achieving the other proposed

SDGs". Thus, education cuts across

all sectors. It is therefore important to
understand the global trends to see
how these impact education, and how
education should respond to facilitate
inclusive and sustainable growth. In
this respect, the following trends are
important to understand for imparting
better education and training to all:

Technology. Rapid changes in
technology are disrupting almost all
sectors and the education sector has
been slow to respond, both in terms
of using technology to transform
teaching and learning and to prepare
people to maximise the opportunities
unleashed by technology. The new
generation of leaders now need to
acquire skills in design thinking,
along with digital literacy and

soft skills as part of foundational
skills. Similarly, without the use of
appropriate educational technology
to scale up quality, it may not be
possible to ensure learning for all.
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Urbanisation. Urbanisation is already
generating 80 per cent of the world’s
gross domestic product (GDP). The
urban population in Asia and the
Pacific will almost double from

1.6 billion (41 per cent of the total
population in Asia and the Pacific)

in 2010 to 3.1 billion (64 per cent) by
2050 — cities will be the centres of
higher education, innovation and
technological development. Successful
economies such as Japan, Korea,
Singapore and Taipei,China have
developed cities, special economic
zones and industrial parks by
promoting university-technical and
vocational education and training
(TVET)-industry linkages. The
People’s Republic of China (PRC) has
been pursuing similar strategies to
develop cities and special economic
zones such as Changsha, Shenzhen,
Suzhou and Shanghai. STEM education
has played an instrumental role in
this process and such linkages have
focused on high-quality research and
development that require setting up
high-quality special purpose labs

in high-growth sectors. Cities are
centres of innovation and young
people are attracted to such places in
search of better jobs and start-ups.

Demographics. Many countries in
Asia and the Pacific are experiencing
the youth bulge (a large share of the
population is comprised of children



and young adults) that provides
the potential for demographic
dividends to fuel economic growth
in these countries. While the youth
unemployment rate in Asia and the
Pacific is lower than those of other

regions of the world,
alarge percentage of
employed youth are
actually in vulnerable
employment with

low earnings. Several
countries such as
Japan, Korea, China,
Sri Lanka and Thailand
also have ageing
populations and these
countries need to
invest significantly in
elderly care. It is also
clear that the share of
elderly population aged
65 or above is growing
quickly in all countries.
Due to the increased
longevity of people
and their prolonged

working life, most countries are now
promoting lifelong learning and
investing in elderly care to ensure
healthy and productive workforce.

Labour mobility. A major
contribution of education is that
it improves social mobility which,
in turn, enhances economic
opportunities for everyone. Brain

...Cities will
be the centres
of higher
education,
innovation and
technological
development
... and young
people are
attracted to
such places
in search of
better jobs
and start-ups.

drain is now leading to brain circulation
as many of those who emigrated in
previous years are returning to their
home countries and contributing to
entrepreneurship and innovation. In
addition, many developing countries

such as Bangladesh, India,
the Kyrgyz Republic,
Nepal, Pakistan, the
Philippines, Sri Lanka and
Tajikistan rely heavily on
large share of remittances
from migrant workers
who go to different labour
recipient countries such
as Japan, Korea, Malaysia,
Singapore, Thailand

and the Middle East.
Most of these workers
have lower-level skills

and would benefit
significantly from better
education and skills, for
example, communication
and computer skills.

Economic growth.

Around 95 per cent of the population
in Asia and the Pacific lives in middle-
income countries. While economic
growth has been robust in many

countries, inequality has also persisted

and increased. The biggest challenge

is therefore ensuring that no one
is left behind in pockets of middle-

income countries where poverty

persists while supporting these
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countries in their transitions to higher-
growth economies in Industry 4.0.

The Future of Jobs

In its 2016 report on The Future of

Jobs, the World Economic Forum

(WEF) sought “to understand the

current and future impact of key
disruptions on

..It is a system
thing, and

employment
levels, skill sets

. and recruitment
not a single .

. patterns in
thmg: that different industries
successful and countries”.

countries The report noted
Iv in thei that we are at the
apply In their beginning of the
journey 1O  Fourth Industrial
move from Revolution, which
. isleadingt
poor to fair, M0
developments in

fair to good, genetics, artificial

gOOd to intelligence,
great an d robotics,
nanotechnology,
9 reat to 3D printing and
excellent... biotechnology,

to name a few.’
These developments have profound
implications on skills, jobs and the
skilling and upskilling of new and
existing workers in order for companies
and countries to remain competitive
by anticipating and preparing future-
ready workers. The WEF follow-
up report in 2018 noted that:
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“The inherent opportunities for
economiic prosperity, societal
progress and individual flourishing
in this new world of work are
enormous, yet depend crucially
on the ability of all concerned
stakeholders to instigate reform in
education and training systems,
labour market policies, business
approaches to developing skills,
employment arrangements and
existing social contracts.” (p. V)

The report noted that in light of

the accelerated pace of changes in
technology and its impact across
sectors, jobs and skills, it is more
important to prepare workers for higher-
level skills and higher-quality jobs in
response to growing automation.

Lessons from Best-Performing
School Systems

Two reports published by McKinsey,
one in 2007 and its follow-up in 2010,
provide important insights into the
key features of good quality school
systems. The first report noted three
features that are common across the
best-performing school systems: (i)
successful countries are able to get the
right people to become teachers, (ii)
these countries are able to develop the
recruits into effective instructors and
(iii) these instructors are able to ensure
that the system is able to deliver the best
possible instruction for every child.



Building on the first report, the second
report went deeper in its analysis and
identified the following three features:
(i) it is a system thing, and not a single
thing, that successful countries apply
in their journey to move from poor

to fair, fair to good, good to great and
great to excellent, (ii) these countries
are able to prescribe adequacy and
unleash greatness by exercising
tightness in implementation depending
on the stage of development and then
loosening control and providing choice
as the system improves and (iii) six
interventions are common to all stages
of development during the improved
performance journey, namely, revising
the curriculum and standards, ensuring
appropriate incentives to teachers and
principals, developing the technical
skills of teachers and principals,
assessing students, establishing

data systems and facilitating
improvement through policy reforms
and effective implementation.

Critical Elements of Quality

In the process of improvement, it is
critical to adapt to the local context
and introduce reforms accordingly. Viet
Nams’s outstanding achievements in
PISA in 2012 and 2015 demonstrate that
it is possible for developing countries

to improve the quality of their school
systems. While such improvements
require robust policies and improved
financing, it is equally important to

adopt tighter approaches where quality

is poor. As quality improves, the tight
control can be relaxed. For developing
countries to improve the quality of their
school systems, it is important to focus on
the four areas outlined below by drawing
lessons from successful countries.

Teachers. The most crucial element in
the most successful school systems is

the quality of their teachers. In fact, the
2007 report published by McKinsey noted
that the quality of an education system
cannot exceed the quality of its teachers.
Getting top graduates who have mastered
the subject knowledge is the first step.
Well-designed professional development
programmes to convert teachers into
effective instructional leaders is the next
step. All new teachers also need strong
mentoring programmes. University-

level teacher professional development
programmes and the performance
monitoring of these teachers in classroom
settings, along with targeted support for
them, are important to ensure effective
instruction to all students. It is also
important to ensure good incentives
comprising monetary (good salaries
compared to other professions and

good increments for good-performing
teachers) and non-monetary (a well-
defined multiple career path for
progression) benefits for teachers.

Curriculum. In a rapidly changing
world, having a robust curriculum that is
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developed and updated in partnership from rote learning. With the advent of

with key stakeholders (teachers, educational technology, it is now possible
educators, employers, academics, etc.) to use computerised

is crucial. Such an approach takes and/or online assessment tools that show
into account teaching and learning the learning levels of students over time
materials, including and help teachers to adopt
online programmes. S Ch 00 | syste MS  their pedagogy accordingly.
STEM education is have remained Such tools also reduce the

seen as a powerful

way of improving virtual ly
teaching and learning unchan g ed
through experiential over the past
and project-based Y

approaches that 1 OO 150 yoars,
ensure active and with students
inquiry-based learning la rge |y at the
for all students. receivin g end

and teachers

Assessment. In many

developing countries, it P rovidin g

is difficult to ascertain much of the

the learning levels of knowled ge an d
students over time, .

as well as compare skills. However,
these levels, due in real ity, schools
to methodological a nd teachers

issues. Recognising
. are no longer
this lacuna, many

developing countries the on Iy source

time needed for assessment
so that teachers can instead
spend more time and focus
on students lagging behind
using remedial support.

School leadership.
Another extremely critical
component is school
leadership. Successful school
systems have strong school
leadership that ensures that
all students are learning,.
School principals serve as
instructional leaders as well
as manage school resources
effectively. They also ensure
that all teachers and
students are performing well
and school administrators
and parents are satisfied

are now investing of kn ow|ed ge with the results. Such a

in national student and skills. level of accountability is
assessments an important indicator
and redesigning of effective schools.
examination systems to ensure that

these assessments test students’ 21st-Century Skills

knowledge, skills and attitudes rather There is growing concern around the
than just knowledge or memory world that education systems have not
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been able to respond to new challenges
and realities brought about by rapid
changes in technology and the related
impact on the future of skills and jobs.
School systems have remained virtually
unchanged over the past 100-150 years,
with students largely at the receiving
end and teachers providing much of
the knowledge and skills. However,

in reality, schools and teachers are no
longer the only source of knowledge
and skills. It is now quite acceptable
for teachers to say that they do not
know the answer to a particular
question and guide their students

to jointly find possible solutions.
Furthermore, with widespread access
to the internet, teachers and students
are increasingly searching online for
different solutions and ideas. Moreover,
as noted above, foundational skills go
beyond the 3Rs and require varying
approaches to teaching and learning
to develop cognitive, non-cognitive
and occupational skills. Here are

three areas that have increased the
importance of 21st-century skills:

Students as co-creators. By
moving away from the traditional
education system in which students
are consumers of information and
knowledge, there is increasing
recognition that students have to
become thinkers and co-creators of
knowledge and skills from an early
stage. In order to facilitate such

an approach, STEM education is
identified as an important way of
preparing students for the future of
jobs and skills. Through design thinking
approaches, the STEM subjects

are being promoted to develop soft
skills in critical thinking, creativity,
collaboration and communication.
STEM education is often founded on
inquiry-based learning and emphasises
understanding different problems

that people face and how such
problems can be solved collaboratively.
While science and mathematics
subjects have always been important,
technology and engineering have
become equally important in recent
years. New forms of learning, such

as makerspace and tinkering labs,

are being introduced as ways for
students to understand how different
instruments work. Experiments

are common and, more often than

not, students learn from failures,
including taking calculated risks.

Foundational skills are beyond the
3Rs. Rapid technological changes are
affecting almost all sectors. Some of the
largest companies in the world, such
as Amazon, Google, Alibaba, Tencent
and Uber, and some of the major
smartphone companies have evolved
over the past 20 years or less. Their
phenomenal success is linked to their
ability to reach millions of consumers
within a very short time. All of these

THIS PAGE IS LEFT INTENTIONALLY BLANK



companies are highly interactive

and have empowered users whom
they have provided with choice. Such
changes have also led to the need

for personalised learning where
competencies are becoming more
important than certificates and deep
learning and upgrading skills regularly
are becoming the new norms.

Industry 4.0 readiness. Industry

4.0 is characterised by a fusion

of physical, digital and biological
paradigms. It includes the internet of
things, cloud computing, 3D printing,
artificial intelligence, automation
and robotics, all of which fall into the
domains of STEM. There is a growing
fear that automation and robotics
will stifle job growth, and that such

a development will particularly
affect lower-level skills that are

of a routine nature. The profound
impact expected of Industry 4.0 has
led many governments to analyse

its implications on their economies
and evaluate preparations needed to
take advantage of the development
that has led to rapid changes and
increased uncertainty. Countries
that are able to invest in new ways of
developing education and the skills
of their citizens will be better able to
manage the impact of Industry 4.0 to
their advantage. However, countries
that are slow to respond will be at a
greater risk of lagging further behind.

STEM Education: An Overview

A 2018 report by Asian Development
Bank (ADB) noted that while
automation is affecting low-end
manual skills, its impact is slower

on middle and, notably, higher skills
that involve non-routine tasks. Even
where automation is happening,

itis leading to a higher demand

for products due to cost reduction
and improved quality. This, in turn,
generates more jobs, for example,
ATMs allowed banks to expand their
services to more locations and hire
more people, including locals. In
some cases, automation leads to the
creation of new occupations, such as
those in the field of cybersecurity.

There are also spin-offs from
technologies that create new
opportunities. An important strategy
for the Asia and the Pacific region

is to support foundational skills,
including digital and soft skills, at
the school level and develop high-
level skills at polytechnic and higher
education level for high-growth

and high-tech industries. It is also
important to blend different policies
(education, industrial, economic

and investment) and develop
partnerships with governments, the
private sector and training providers
to work together to devise a more
holistic approach. Continuous
learning, adaptive learning and closer
partnerships between education



and employers to promote job-
ready skills will be important to
take advantage of opportunities
unleashed by Industry 4.0.

Why STEM Education?
Against the above backdrop, it is
obvious that education systems need
to adapt to new
realities triggered by
rapid technological
changes, also

An important
strategy for the

For development institutions like ADB,
it is important to support developing
member countries (DMCs) in striking

a balance between infrastructure and
human capital investments for more
optimal returns on investment. Around
40 per cent of ADB's education portfolio
comprises support to the school sector
(K-12 reforms), including
improvements in teaching
and learning in science
and mathematics, among

known as Industry Asia and the other domains of learning.
4.0. As aresult, Pacific reg ion However, technology

the importance of is to subbort and engineering subjects
STEM education has 15 PP are relatively new at

re-emerged as an

foundational skills,

the school level. Since
learning levels have been
slow to improve, many

important strategy including digital
to prepare people and soft skills, at
for jobs of the future

the school level
and develop

and to ensure that

everyone remains
alifelong learner. high-level skills at
Labour market .
analysis in many F.)OIyteCth and
countries indicates h 19 her education
that there are more level for hlg h-
Job opportunities growth and high-
in STEM-related ’ .

. tech industries.
professions and
jobs in those

educators now feel that
makerspace and fab

or tinkering labs, all of
which promote design
thinking, are important
tools for both students
and teachers to discover
and explore creative
ways of teaching and
learning. Through such
facilities, students become
more active learners

fields provide better salaries and
greater career prospects. Many
human resource officials in STEM
companies lament though that
not enough people are entering
into STEM-related fields.

and teachers become facilitators and
sometimes co-learners of new ideas and
approaches. This is a much better way
of transforming teaching and learning
because it promotes experiential and
inquiry-based learning, which helps
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students and teachers to experiment
with new and practical ideas.

Students from school level are
feeders for universities and TVET
institutions. Those with a STEM
background will be able to pursue
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