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OPENING MESSAGE

MODERATOR’S MESSAGE

In recent years STEM education has gained prominence and is on the national
agenda of many nations, as countries seek to develop infrastructure and human
capital well-equipped for the 21st century. Since its inception in the 1990s, STEM
education refers to not just the constituent subjects of science, technology,
engineering and mathematics, but the interconnections between these subjects
and the creation of interdisciplinary solutions to complex contemporary challenges.
STEM education is more vital than ever in bringing economies and workforces up
to speed with the opportunities and challenges of the 21st century.

The concept of STEM literacy focuses on how students identify and draw on
knowledge from its four disciplines to understand and resolve real-world problems.
They are invited to seek an explanation of how the world works, and to integrate
and connect knowledge from the four disciplines to create multi-disciplinary
solutions to modern day challenges. As such, STEM education is heavily oriented
towards problem-based learning.

STEM education is not only important for ensuring that students develop
necessary technical skills for the workforce, but also in developing well-rounded
individuals through integrating the arts (as in STEAM education) and soft skills.
STEAM education can help students embrace a more confident self, articulate
complex concepts fluently, and build vital entrepreneurship skills. The strength of
an interdisciplinary STEM education lies in its ability to tie concepts from differing
disciplines together to form creative synergies, and through the process of
problem-based learning, encourage in students the traits of ingenuity, teamwork
and resilience.
It is one thing to teach STEM in classrooms when many educators feel underprepared to do so, and quite another to create STEM lessons for a post-pandemic
world. Educators often feel stumped when integrating STEM education into the
classroom, and many have felt it impossible when faced with the arduous task of
keeping students focused and in school during remote and hybrid learning. We
hope that the experiences and strategies outlined in this handbook will encourage
educators to keep on finding ways to implement STEM education, and convince
you of its purpose and benefits to all. We look at some of the tangible and tried
ways educators in the region have made use of STEM concepts and theories to
bring STEM lessons to life, even as remote and hybrid learning remains a long-term
reality for many.
I hope the tips, suggestions and best practices outlined in this handbook inspire
you to go beyond routine pedagogic practices to be a pioneer in modelling new
student-centred learning pedagogies.

S. Gopinathan
Academic Advisor,
The HEAD Foundation

However, this is only one of multiple interpretations of STEM education. This
handbook presents a spectrum of interpretations of STEM education in the
Southeast Asian region — shared throughout our three-part webinar series titled,
“Teaching STEM in Southeast Asia”. Our speakers spoke from experience, sharing
with us bite-sized STEM teaching practices within and beyond classrooms. Their
narratives tell us how STEM education is shaped by the particularities of their
contexts and their roles within these contexts.
In the first part, “Applying STEM Pedagogies”, we heard about ideas for lessons and
assessment that address two of the most salient issues in developing curricula for
STEM learning — integration across the disciplines and solving authentic, realworld problems. In the second part, “Developing and Supporting STEM Teachers”,
we focused on the challenges of adopting new teaching practices. We looked at
how STEM pedagogies and leadership practices in schools could be transformed.
We also tackled how resources to support learning and development within
professional communities could be mobilised and shared.
In the last part, “Creating a STEM Ecosystem”, we had an important discussion on
the social support that might be required — not only to inspire but also to nurture
critical thinkers, problem-solvers and innovators among our learners. We asked the
question, “Where can students learn and practise STEM?” Industrial attachments,
mentorships and community immersion are important approaches adopted by
any educational programme, but especially so in STEM education. Thus, there is a
need to form purposeful networks to expand STEM education practices that are
meaningful and relevant to learners.
In all our discussions, we aimed to convey relevant, actionable strategies and tips for
educators to adapt to their own contexts. In this handbook, we hope to continue our
conversations with you, guiding you in critically reflecting on the STEM stories that
we heard from the webinar. Collectively, we continue to ask what shape of STEM
education could profitably work in my context while realising its goals to deepen
learners’ scientific, humanistic and equitable participation in society and the world.

Frederick T. Talaue
Associate Professor, Department of Science Education, De La Salle University
i
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PREFACE

Addressing the Issues and
Challenges of STEM Education
in Southeast Asia
Frederick T. Talaue
It seems ironic that coming up with a definition of STEM
education is a challenge in itself. Its forms are as varied as the
many perspectives that are available in our educational discourse.
However, two things stand out as common elements across
conceptions of STEM education. First, it aims to support
learners in integrating knowledge across the four disciplines.
And second, it emphasises real-world contexts as a means
for interdisciplinary integration. STEM education thus
represents a disruption of the current disciplinefocused curricula in many schools today.

Interestingly, the problem of
integration of core ideas across the
disciplines turns out to be the most
salient concern among participants
in the first session of the webinar
series. This is probably because of the
confusingly varied interpretations of
integration, including interdisciplinary
and even transdisciplinary approaches,
which have emerged in recent years as
new commitments in STEM education.
The former focuses on the learning
of closely linked concepts from two
or more disciplines so that learners
deepen their knowledge and skills. The
latter, on the other hand, foregrounds

[STEM education]
aims to support
learners in integrating
knowledge across the
four disciplines, and it
emphasises real-world
contexts as a means
for interdisciplinary
integration.

iii

the application to real-world problems
or projects the knowledge and skills
learned from two or more disciplines.
The first three chapters of this
handbook address the issue of
disciplinary integration in designing
STEM lessons. The examples
that our authors provide range
from integration across the four
disciplines to the integration of arts
and entrepreneurship. It is worth
highlighting that our guest contributors,
Associate Professor Aik-Ling Tan and
Associate Professor Tang Wee Teo,
both from the National Institute of
Education, Nanyang Technological
University in Singapore, share here with
us their STEM Quartet Framework.
This instructional framework provides
a guide for lesson planning that attends
to disciplinary integration through
problem-solving learning tasks.
The fourth chapter of the handbook
pays attention to the important topic
of developing pedagogical leadership
in STEM education. Based on the poll
during the second webinar session,
many in the audience felt the need to
attend seminars and trainings to learn
relevant pedagogical theories first.
In my view, this reflects the popular
notion that, in teacher education and
professional development, theory must
precede practice. This linear model for
learning to teach may be contrasted to
iterative models of learning in context,
meaning that teachers dive right in with
trying out carefully and collaboratively
planned interventions. The latter model
iv

PANELLIST BIOGRAPHIES
Creating a STEM learning ecosystem
does not only address the need to support
learners’ development over time, but also
becomes an opportunity to intentionally
provide STEM learning opportunities
for disadvantaged and marginalised
groups of learners.

Dr Ariel L. Babierra is an Associate Professor of Mathematics
at the Institute of Mathematical Sciences and Physics,
University of the Philippines Los Baños. He obtained his PhD
in Mathematics from University of the Philippines Diliman with
specialisation in Approximation Theory. His work includes
chairing curriculum and instruction committees for Mathematics
and Applied Mathematics programmes and coordinating a
General Education course on Mathematics, Culture and Society.

Mrs Rosemarie Z. Burayag is an Education Program
Supervisor at the Department of Education, Schools Division
Office of Nueva Ecija, Philippines. Specialising in science, she
is a National Educators’ Academy (NEAP) Certified Learning
Provider. She was also the Chief Trainer – Regional Training
on Cross Specialization in Science in September 2018. She
obtained her Masters and Doctorate from Nueva Ecija University
of Science and Technology.

positions theory to be in dialogue with
practice, as such involves constant
critical reflection. This spectrum of
models for teacher learning in STEM
are explored by our authors.
In the remaining two chapters, the
authors offer strategies for building a
STEM learning ecosystem. Learning
STEM can take place across spaces and
places and across time. It is connected
across formal and informal, everyday
contexts. Schools could work together
with higher academic institutions,
communities, industry partners, and
regional and international agencies, to
deliver STEM learning for all learners.
Among these partners, academic
institutions surfaced as the most
wanted by the audience members for
forging partnerships with. I read this as
a desire to work with academics and
researchers who have the knowledge
capital for mentoring, coaching and coconstructing pedagogical innovations.

v

But whatever partnerships are
forged, it is essential that joint actions
recognise who learners are, and their
unique interests in STEM. Creating a
STEM learning ecosystem does not
only address the need to support
learners’ development over time,
but also becomes an opportunity to
intentionally provide STEM learning
opportunities for disadvantaged and
marginalised groups of learners. After
all, STEM education is not only about
training students for 21st century
competencies or to enter the future
workforce to sustain global economies.
STEM education, as all authors in this
handbook hold, is also about enlivening
our collective vision for environmental
and social justice.

Mr David Chak is the co-founder of Arus Academy, Malaysia.
He leads the advocacy work and content development for
STEAM education and media literacy in Arus Academy. Some of
David’s work with Arus has been used widely in Malaysia, such as
the national syllabus textbook for Year 5 Design and Technology.
He is also the chief content developer for the Malaysian Ministry
of Education’s free coding education platform, which has seen
close to a million views since its launch.

Mr Leo Andrei Crisologo has been teaching mathematics
in the Philippine Science High School – Main Campus since
2008. He has conducted teacher training programmes on
STEM and the Engineering Design Process for Filipino public
school teachers. He received his undergraduate and graduate
degrees from the University of the Philippines. He attended the
Indiana University of Pennsylvania as a fellow of the Fulbright
Distinguished Awards in Teaching Program for International
Teachers (Fulbright DAI) in 2020.
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Dr Chatree Faikhamta is an Associate Professor at Faculty
of Education, Kasetsart University, Thailand. He has taught a
full range of undergraduate and graduate courses in science
education such as chemistry methods course and science
teacher professional development. His research areas focus on
STEM education, pedagogical content knowledge (PCK), and
action research. Chatree is involved in collaborative research
in many countries and regions such as Canada, Japan, Korea,
Spain, Taiwan and the UK.
Dr Arif Hidayat is an Associate Professor at the Department
of Physics, Universitas Pendidikan Indonesia. Arif has been
a UNESCO Fellow at Illinois State University, an Expert of
SEAMEO QITEP in Science, and is currently a visiting Professor
at Tashkent University of Economics-Uzbekistan. He is
also serving as Indonesia Coordinator of STEM Leadership
Education Program (2021-2023), a collaboration by Indonesia
MoE and meriSTEM@NIE; Coordinator of Indonesia Consortium
for Learning Improvement; and Director of NURA School,
Cimahi-Indonesia.

Dr Pornpun Waitayangkoon is currently the Director
of the SEAMEO Regional Centre for STEM Education
(SEAMEO STEM-ED) which is the newly established centre
based in Bangkok, Thailand. She had been working with the
National Institute for the Promotion of Teaching Science and
Technology (IPST) for 40 years, involved with SMT education
at all school grade levels, and was President of IPST from
2011 to 2019.

Moderator

Dr Frederick Toralballa Talaue is an Associate Professor
at the Department of Science Education, De La Salle University,
in the Philippines. He is also a consultant for the Center for
Integrated STEM Education (CISTEM) Inc. He holds a PhD in
Science Education from the Nanyang Technological University.
Prior to his return to the Philippines, he worked as a Research
Associate with the Centre for Research in Pedagogy and Practice
at the National Institute of Education, Singapore.

Professor Dato’ Dr Noraini Idris is a Founder and
President of the National STEM Association Malaysia and
President of IMT-GT Uninet STEM. She is an educator,
consultant, and distinguished mathematics educator. She
gained her PhD from the Ohio State University, USA and has
been entrusted with the position of the Deputy Vice Chancellor
(Research & Innovation) at Sultan Idris Education University as
well as Dean of the Faculty of Education at University of Malaya.

Disclaimer: All deliberations made by the authors are their
own. They do not represent the views of their national or
local education departments, their respective schools nor
The HEAD Foundation.

Dr Sheryl Lyn C. Monterola is the Director of the
National Institute for Science and Mathematics Education
Development (NISMED) and a Professor at the University of
the Philippines-Diliman, College of Education. She is passionate
about advancing STEM education through teacher capacitybuilding, curricular innovations, alternative learning systems,
and workforce development. Sheryl collaborates with ILO and
UNICEF among others for their programmes related to STEM.
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1.1

Structured learning modules
for STEM lessons
Mr David Chak
INSTITUTIONAL PROFILE

1

Arus Academy
Bukit Mertajam in
Penang, and Kuala
Lumpur, Malaysia
Non-profit
social enterprise

FRAMEWORKS FOR 		
STEM LESSON DESIGN
It may be daunting to introduce STEM lessons into
the classroom when the subject requires knowledge
integration across disciplines and centres heavily
around problem-solving. How can teachers create
STEM lessons that balance cross-disciplinary
teaching with process-oriented learning outcomes?
In this chapter, we look at frameworks that help
educators understand core components of a STEM
lesson, scaffold their classes, and even use these
concepts in solving pedagogical problems.

Food for
Thought

20,000 students
impacted
6 teaching staff

Learning Points
• Understand how to structure
a STEM lesson with guided
learning modules
• Understand how to use
the Engineering Design
Process to solve pedagogical
problems
• Use the STEM Quartet
Framework as a way of
understanding and crafting
integrated STEM lessons

What do you think are some commonalities
across STEM teaching and learning?

“

STEM Education has been a core part of Malaysia’s
education policy since 1967. However, much has
changed in recent decades to keep up with important
innovations in big data and computer science. With
these innovations come new subjects in school,
assessments and paradigms for teaching STEM to
prepare students to thrive in the 21st century.
Many teachers are being tasked to teach new subjects
such as basic computer science, of which they have
no prior knowledge. To help cushion the Malaysian
education system from such a huge systemic
shock, David and his team at Arus Academy worked
closely with the Malaysian Ministry of Education and
Malaysian Digital Economic Cooperation (MDEC) to
create structured learning modules for computer
science and design technology textbooks.

One of the biggest things that
have changed is that we went
from using technology to
making technology.

- Mr David Chak, Co-Founder, 			
Arus Academy, Malaysia

Flip to the end of the chapter for our perspective!

1

2

The five steps

01
SET INDUCTION
SET INDUCTION

INTRODUCTION
TO NEW
MATERIAL

Teaching and learning module for Basic Computer Science Form 1;
students are introduced to a simple game of counting using binary number cards

Teachers set the stage by providing an interesting
trigger to pique students’ interest to learn new
content. Teachers can introduce a new concept to
students by making connections with previously
learned subjects.
Arus Academy created a module for computer
science education at Grade 11, on a type of data
structure called Arrays. They opened the chapter
with the problem of recording football match scores,
and introduced scenarios where students had to
store large amounts of information. Students were
then introduced to the concept of Arrays to solve
the problem.

GUIDED
PRACTICE

INDIVIDUAL
PRACTICE

LESSON RECAP

Textbook for a robotics co-curricular module;
students are given a challenge to independently complete after learning a concept

3

SCAN/CLICK TO LEARN

More about Arrays
and its importance in
computer science!

4

Try it out!

02
INTRODUCTION TO NEW MATERIAL

Pick a concept in STEM that you would like to introduce to your class. Use the fivestep lesson module to create and structure a lesson around this concept.

After the set induction, the new concept is then
introduced to students with multiple detailed
examples and analogies. In this example, what are
Arrays? What can an Array do? How do we use this
concept in actual scenarios?

03
GUIDED PRACTICE

SCAN/CLICK TO LEARN

More about the
structured learning
modules in practice
In a Malay-medium
textbook:

In a Chinese-medium
textbook:

The textbook then proceeds to walk students
through a guided practice, for example, writing a
programme to manipulate an Array. Teachers do
these guided exercises alongside the students, with
step-by-step instruction, and frequently check for
students’ understanding.

04
INDIVIDUAL PRACTICE
Students then get the chance to
do exercises on their own, based
on the concept they had learnt.
At this stage, there is room
for evaluation, feedback and
formative assessments on
the concepts learnt.

05
LESSON RECAP
Students are brought back to the original concept
and review their learning objectives. Teachers
have another chance to check for students’
understanding before moving on to the next topic.

5

6

Engineering Design Process

1.2

Applying the Engineering
Design Process to
pedagogy decisions
Mr Leo Crisologo
INSTITUTIONAL PROFILE

Philippine Science
High School – 		
Main Campus
Quezon City,
Philippines
Public urban
high school
1,400 students

In STEM education, students are taught both the
scientific method for acquiring knowledge and
explaining phenomena, as well as the Engineering
Design Process to find and develop solutions
to problems. Instead of merely teaching these
concepts to students, Leo made use of the
Engineering Design Process to determine the best
asynchronous learning set-up he should use during
the pandemic, to ensure all his students could
access learning from their homes.

135 teaching staff

“

Our lessons are reinforced
when we demonstrate to our
students that what we teach
them has relevance outside
the classroom. So I applied
the Engineering Design
Process to solve the problem
of equity in internet access.

- Mr Leo Crisologo, mathematics teacher,
Philippine Science High School – Main Campus

Sketch of the Engineering Design Process Leo used to develop his asynchronous class model.
OBS stands for Open Broadcaster Software

01
DEFINING THE PROBLEM
First, Leo defined the problem he was trying to solve: online
synchronous classes have large bandwidth requirements on students, but
many of them are at home sharing their internet bandwidth with parents
and siblings and are unable to stay connected for the entire duration of
the synchronous classes.

02
PLANNING
Leo explored his limitations as a teacher in terms of time and skills, and
arrived at a plan of recording his math lessons and posting them online.
This addressed concerns about bandwidth and allowed students to
engage with their math lesson at more convenient times in their day.

7

8

03

Asynchronous teaching via video lessons

PROTOTYPING

By going through the Engineering Design Process, Leo developed a solution that:

To test out his proposed solution,
Leo made several prototype lesson
videos to see what worked for him,
experimenting with equipment he had
access to. Through several trials, Leo
ended up using slide decks and learned
how to use an open broadcasting
software to record his videos.

• Addressed his concerns about bandwidth, i.e., YouTube videos take
up much less bandwidth when compared with synchronous online
class meetings
• Made learning more flexible for students, so they could engage with
lessons at convenient times of the day or week
• Maximised student engagement by recording videos under 10
minutes each

04

• Ensured that materials were portable and accessible to all students,
by having lessons that were downloadable and shipped via USB
sticks to students in remote areas that had no internet connection

TESTING
Then, he solicited student feedback to test if the
videos were a suitable alternative to synchronous
classes. He tried using different tools to teach
and record his classes, and moved back and forth
between the testing and prototyping stage to
improve the product he was providing his students.

SCAN/CLICK TO LEARN

More about the
Engineering
Design Process

SCAN/CLICK TO LEARN

More about Leo’s
YouTube channel,
and watch all his
videos online!

05
COMMUNICATING
Leo made sure to communicate his intentions
and steps in the process to both his students and
colleagues; the former so they could appreciate the
Engineering Design Process, and the latter so that
he could solicit feedback from fellow educators.

SCAN/CLICK TO LEARN

More about free
open broadcaster
software such as
OBS Studio

Tip
When trying out a new lesson
format, communicate regularly
with your students to set the right
expectations for lessons.
This ensures that students understand
how to properly engage with the material.

9

Screenshots from a recorded video on Leo’s YouTube channel

10

Engineering a Flipped Classroom Experience

By investing the time to create video
lessons for his math class, Leo had
accumulated a wealth of teaching
content that can be reused for future
lessons, even as face-to-face classes
resume. Through recordings, Leo
could exercise control over the context
and content of his lessons, and use
personalised language to affect the social
dimension of learning.
Creating video lessons was made
possible by a school environment that
encouraged experimentation and
provided opportunities for sharing
what teaching methods work. Leo feels
encouraged to adopt a flipped classroom
model during in-person classes by using
his video lessons. The flipped classroom
approach moves the lecture portion
of the lesson to the home. As their
homework, students will first encounter
content on their own by watching the
videos at home, so that class time can
be devoted to learning activities such
as assessments, inquiries and group
activities.

Try it out!
Think of a pedagogical or administrative obstacle you’ve encountered as a teacher.
Use the Engineering Design Process to come up with potential solutions and finetune them to suit your needs.

Lecture

TRADITIONAL
CLASSROOM

Homework
activities

Lecture

FLIPPED
CLASSROOM

Classroom
activities

Flip to Chapter 3.1 in our handbook
Enhancing Remote Learning to learn
more about using asynchronous
materials for the flipped classroom!
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1.3

The Quartet

Using the STEM Quartet Framework
for lesson design
Dr Aik Ling Tan and Dr Tang Wee Teo

The STEM Quartet Framework draws on the idea of a vocal quartet
in music, which consists of four parts: the sopranos, the altos, the
tenors and the basses. While each of the parts can make music on
their own (just as science, technology, engineering and mathematics
are individual disciplines), the sound produced in a quartet is richer
and more melodious; just like how an integrated STEM approach
can provide richer solutions to complex and persistent real-world
problems, than any of its singular disciplines.

3. A focus on connections between the disciplines
(i.e., horizontal connections); and
4. S-T-E-M as the four disciplinary
domains (i.e., vertical learning)
with a lead discipline.
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Developed by researchers at meriSTEM@NIE in Singapore, the STEM
Quartet Framework is an instructional framework for integrated
STEM that is centred around complex, persistent and extended
problems. The solutions to those problems require knowledge and
skills from at least one dominant discipline to solve with the other
disciplines providing the skills, practices or tools to support the
problem-solving process. Teachers can use this framework to craft
STEM lessons through identifying a core problem that requires
knowledge from two or more STEM disciplines to form a solution.

Levels of connection
Strong
Moderate
Weak

The S-T-E-M Quartet instructional framework, adapted from Tan, AL.,
Teo, T.W., Choy, B.H. et al. The S-T-E-M Quartet. Innov Educ 1, 3 (2019).
https://doi.org/10.1186/s42862-019-0005-x

The Quartet is made up of vertical learning and horizontal
connections. Vertical learning is characterised by the deep
conceptual and epistemic learning within a single discipline. Horizontal
connections refer to the links between disciplines. A problem can
be designed to focus on one of the four disciplines as the dominant
or lead discipline, with the other three disciplines providing the
necessary skills and knowledge to solve the problem.
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Identifying persistent, complex and extended problems
Problem-solving, instead of other frames such as design thinking, is chosen as the
overarching process to encapsulate S-T-E-M. In the Quartet, the authenticity of
the problem is defined by its practical worth and its relevance to general science,
technology, engineering and mathematics principles. The problems of Quartet are
characterised by being persistent, complex and extended.
Persistent problems

Complex problems

Extended problems

are problems of
explanations that can
be applied across
different contexts.

do not have an obvious
single answer and
cannot be solved by
knowledge from just a
single discipline.

are challenging and
realistic, and they require
longer engagement,
discussion and evaluation
of the underlying
principles to generate
solutions.

Some examples of persistent, complex and extended problems are:
• A visually handicapped person is not able to see the numbers on buses
arriving at the bus stop if they are alone. How can we help the person
flag down the correct bus when they are alone at the bus stop?
• In some remote rural villages near the tropics that are
surrounded by sea, there is no piped water supply. Drinking
water is delivered in trucks twice a week, and this is hardly
enough for the villagers. Rain is sporadic but not a reliable
source of fresh water. How do we create a more constant
and reliable supply of fresh water?
• The population in Singapore is ageing. Older people
have different needs than younger people. With a
greying population, some changes must be made to
our city to make it easier for older people to move
around so that they can lead more independent
lives. How do we create a village in an urban city?

With these definitions, here are ways to identify authentic real-world problems
using the STEM Quartet Framework:

CRAFTING AUTHENTIC REAL-WORLD PROBLEMS

Will solutions to the problem
require knowledge and skills
from at least two disciplines?

NO

It is not a
complex
problem.

NO

It is not a
persistent
problem.

NO

It is not an
extended
problem.

YES
Is the problem one that is
widespread and has been
around for a long time?

YES
Does the problem require
students to spend at least
three to five hours to propose
a solution?

YES
How are the disciplines connected?
What are the expected conceptual knowledge,
epistemic practices and social outcomes?

Flowchart for identifying an authentic, persistent and complex real-world problem to create a STEM lesson.
Adapted from Tan, AL., Teo, T.W., Choy, B.H. et al. The S-T-E-M Quartet. Innov Educ 1, 3 (2019).
https://doi.org/10.1186/s42862-019-0005-x
15
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Using the STEM Quartet Framework to plan a STEM Lesson
Here is a way to use the STEM Quartet Framework to craft a lesson:

STEP 1

STEP 2

Consideration of the learning
outcomes of the lead discipline
(e.g., science).
For example, students should
learn to (1) describe the role
of hormones in the body, (2)
state the differences between
type 1 and type 2 diabetes, (3)
describe insulin and its effects,
and (4) state the relationship
between blood glucose and
insulin levels.

STEP 5
Determine the classroom
strategies to adopt for
students to solve the problems.
Some strategies include
group discussion, hands-on
investigations, peer critique,
teacher consultations, visits to
industries and others.

Craft an authentic problem
that is related to the learning
outcomes. Problems can
come from the news, current
scientific research or issues that
the society is concerned about.

STEP 3
Build resources based on the
problem. Consider (1) the task
that the students will engage
in to solve the problem (e.g.,
building a prototype), (2) what
technology will be used in
making sense of the problem
and generating the solution,
(3) are there any mathematical
learning outcomes?

GUEST CONTRIBUTORS

Dr Aik Ling Tan is an Associate Professor of Science
Education with the Natural Sciences and Science
Education academic group at the National Institute
of Education in Singapore. She teaches biology
education methods courses and courses related to
integrated STEM curriculum. She serves on several
science curriculum review and resource development
committees in Singapore.

SCAN/CLICK TO LEARN

More about the
STEM Quartet
Framework and
how you can use it
in your classroom!

Dr Tang Wee Teo is an Associate Professor in the
Natural Sciences and Science Education (Academic
Group) in the National Institute of Education in
Singapore. She is also the Co-Head of the Multicentric Education, Research and Industry STEM Centre
(meriSTEM@NIE). She is the Founding Editor-in-Chief
of the journal, Research in Integrated STEM Education.

Chapter 1.3 cited and adapted from: Tan, AL., Teo, T.W., Choy, B.H. et al.
The S-T-E-M Quartet. Innov Educ 1, 3 (2019).
https://doi.org/10.1186/s42862-019-0005-x

Try it out!
Use the flowchart above to identify a real-world problem that is persistent,
complex and extended.

STEP 4
Examine the connections between each discipline
by thinking through the questions:
1. What is the conceptual and epistemic connections
between science and technology, science and
engineering, and science and mathematics?
2. Is this connection strong, weak or absent?
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How can you work within and across STEM disciplines, in collaboration with other
teachers, to create a STEM lesson addressing your problem?

1.4

Discussion Points:
Is STEM education for everyone?
Qn: Is it appropriate for STEM to be taught at every level?
What about young learners?

MR LEO CRISOLOGO
Mathematics teacher,
Philippine Science High
School – Main Campus

Tried it out?
Share your reflections and
classroom implementation with
fellow educators! Join in the
conversation and connect with the
education community in our social
learning group, Teaching, Leading,
Learning on Facebook.

To answer this question, we need to first
understand what we want students to learn from
STEM. When we teach STEM, we want students to
understand both the scientific process – how we
discover and we know and we verify what we know;
and the engineering design process – a way to
solve problems. Science can of course be taught as
early as kindergarten, where students are learning
about flowers, plants and animals. We can phrase
the questions in such a way to emphasise the
scientific method — to help students understand
why we could say a certain thing is scientifically
true. For the problem-solving aspect, we could
give challenges to our students and have them
work with simple things to solve a simple problem.
Especially for younger students, we don’t have to
specify to the students we’re teaching STEM; it can
be incorporated as part of play and demonstrated
rather than explicitly taught.

SCAN/CLICK TO JOIN

Teaching,
Leading,
Learning
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Qn: Do you need high levels of technology and resourcing
to teach STEM?

MR DAVID CHAK

It can be very effective to introduce STEM to
younger learners using play-based learning, with
toys such as kinetic sand and LEGO. The LEGO
Foundation, for example, has a whole guidebook
on this subject. You can break teaching STEM
down into: 1) the STEM way of thinking, 2) STEM
knowledge, and 3) STEM concepts — and focus on
simple activities that address one aspect at a time.

Co-Founder,
Arus Academy, Malaysia

MR DAVID CHAK
Co-Founder,
Arus Academy, Malaysia

STEM should be introduced as part of the natural
learning process. It should not be forced and should
be reflected across all subjects and disciplines — not
just in STEM subjects.

DR ARIEL BABIERRA
Associate Professor of
Mathematics, Institute of
Mathematical Sciences and
Physics, University of the
Philippines Los Baños
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I always ask my students at the start of the
semester “What is the first thing that you learned in
mathematics?” Many would respond with numbers
and shapes — but in my opinion our first experience
with STEM or science was learning about classifying
objects by colours. Classification is an important
skill, in almost every subject, but especially so the
sciences and mathematics. That is a skill that we
learn later on, building up on that initial knowledge.
Starting with the basics at lower levels is essential
for STEM education at higher levels.

MR LEO CRISOLOGO
Mathematics teacher,
Philippine Science High
School – Main Campus

Not at all! We work with schools in the interior
parts of Malaysia where there is limited electricity
supply and internet connection, and we have created
several board games for these students to learn
coding. I think the one thing we have to keep in
mind is that when it comes to education, we have
to be creative in terms of resources. We even have
videos uploaded to a pen drive for students to learn
STEM concepts from their TVs. You don’t need
fancy toys or fancy equipment, all you need is to
have the imagination and the heart to conduct STEM
activities for the students.

It is possible to conduct STEM activities at low cost.
Since we have moved lessons online, our school has
been making use of foldscopes: a microscope set up
with plastic lenses that the students can assemble
at home using cardboard. The students used these
foldscopes at a recent science festival to conduct
simple astronomical observations. While it can be
difficult and it will take some effort for teachers to
come up with these activities and test them out, it is
very possible.
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Food for
Thought

What do you think are some
commonalities across STEM
teaching and learning?

Now that you’ve read the chapter, here’s our perspective!
The Engineering Design Process, Problem-Based Learning, and the
STEM Quartet Framework are all rooted in solving complex, real-world
problems through interdisciplinary and inquiry-based solutions. Use
these frameworks and ideas to design STEM lessons and scaffold your
students’ learning!

What did you come up with? Were they similar?

Jot down your thoughts!
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2.1

Teaching soft skills in
mathematics
Dr Ariel Babierra
INSTITUTIONAL PROFILE

2

University of
the Philippines
Los Baños
Laguna,
Philippines

MAKING STEM TEACHING
AND LEARNING RELEVANT
Problem-Based Learning and application to real-world
issues are core components of STEM education.
By incorporating real-world and interdisciplinary
components into your class, students can reshape
their worldview through STEM-based inquiry and
activities, and cultivate the soft skills necessary to
thrive in the 21st century. In this chapter, we look at
different examples of Problem-Based Learning for
various STEM subjects, and understand how a holistic
STEM education can be integrated into even technical
subjects like mathematics.

Food for
Thought

Learning Points
• Learn different ways
Problem-Based Learning is
implemented in the classroom

University
Institute of
Mathematical
Sciences and Physics
1,200 students
~50 teaching staff

Since 2018, the focus of General Education
Mathematics courses at the University of the
Philippines Los Baños has shifted from mastering
technical skills to gaining lifelong learning and core
skills through an understanding of mathematics.
The General Education course Math 10: Mathematics,
Culture, and Society was formed with these goals
in mind.

Course Outcomes

Explain		
the nature of mathematics as an
intellectual and creative discipline

• Understand the guiding
principles of biomimicry as
a type of design thinking
process

Recognise

• Understand how to
integrate core soft skills in a
mathematics class to cultivate
21st century skills

Relate

What do you think is a common feature of STEM
problem-solving or design thinking processes?

the importance of mathematics in
various human activities
the concepts of mathematics to your
fields of interest

Discuss
local and global issues and trends in
mathematics

Analyse
the interplay of mathematics and society

Produce
Flip to the end of the chapter for our perspective!
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creative or research work inspired by
mathematical ideas
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Teaching soft skills in STEM

Dr Ariel offers five principles to introduce soft skills in your
mathematics class:

STEM skills are often viewed as technical skills that relate to STEM
disciplines. However the opposite is also true: we can use our STEM
classrooms to enhance soft skills by incorporating STEM in soft skill
activities. Students will gain a wider perspective that STEM extends
beyond the subject and towards all disciplines and professions.

1. Creativity is key
Creativity brings out the best not only from students, but also from
teachers. Dr Ariel got his class to create comic strip projects as a
final output; students were able to incorporate story elements to
what otherwise would have been a technical poster project.

Some key soft skills in STEM are:

LEADERSHIP
PROFESSIONAL
ATTITUDE
PROBLEMSOLVING

CRITICAL
THINKING

Dr Ariel was also able to bring this to his core mathematics classes.
He created a Meme Friday segment for an advanced mathematics
course, where students were
asked to explain memes
about complex numbers and
complex functions that they
found on the internet to
demonstrate understanding.

PUBLIC
SPEAKING
TEAMWORK

PROFESSIONAL
WRITING
CAREER
MANAGEMENT

INTERCULTURAL
FLUENCY

Board showcasing comic strip projects
from Dr Ariel’s class

SCAN/CLICK TO LEARN

More about 21st century skills

DIGITAL
LITERACY
WORK
ETHIC
Wall of mathematics memes from Meme Friday
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Allowing for creative final projects in his classes, Dr Ariel found his
students produced engaging and multi-facetted work. A group of
three students created a website about patterns in woven textiles
from the Cordillera region in the Philippines, and attempted simple
crystallographic analysis on these patterns. Others created digital
magazines, short videos, infographics and songs. He would not have
received such interesting projects if had opted for a more factual
type of final assessment.

2. Relevance beyond creativity
Finding relevance in class exercises does not have to be life-changing.
Impactful activities can be relevant by just providing context. In
measurement topics, Dr Ariel created activities that relate with
everyday spaces and objects. During in-person classes, Dr Ariel tasked
students to find the volume of an empty pool within the school
grounds. Other tasks included measuring the height of a tower, and
acquiring the volume of packing boxes found at home.
A topic can also be made relevant by providing cultural context in
terms of social heritage, popular culture, or even day-to-day activities.
Some examples are: scientific names of local flora and fauna, ratios
and proportions in baking recipes, chemical names of ingredients in
grocery items, or an interview with local STEM practitioners. This
interview can be done even in non-STEM classes such as English, in
which students can be tasked to create a report of their encounter.
Another way to provide relevance to STEM activities is to have
students find solutions to problems in their own authentic experience.
When practising argument validation, Dr Ariel did not always provide
the class with a single argument to scrutinise. Rather, he would ask
students to craft example statements derived from topics in popular
media. This simulated how they would encounter arguments in real
life, and counter the proliferation of fake news and alternative truths.

Screenshots of a student-made website for Dr Ariel’s class

SCAN/CLICK TO LEARN

SCAN/CLICK TO LEARN

More about the
student-made
website and
insights into the
topic!

Ideas and resources
for incorporating
creativity in
mathematics
lessons

The pool within school grounds that students were tasked to measure
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“

Students should be equipped and
confident to examine and judge
situations on their own. STEM
can provide a platform for the
examination of truths.

- Dr Ariel Babierra, Associate Professor of Mathematics,
Institute of Mathematical Sciences and Physics,
University of the Philippines Los Baños

3. Create a safe space to be wrong
There is a perception that mathematics, and STEM in general,
is heavily reliant on correct answers. Of course, in a research
laboratory a wrong measurement can be harmful; in a workplace
an error around computation can be disastrous. But classrooms
can and should be safe spaces where teachers can guide
students to experiment, make mistakes, and learn from the
errors. This way, students are taught to bravely face wrong
answers and learn from their mistakes on their own.

Example of Dr Ariel’s feedback on a student’s work

This can be done in simple ways:
Provide feedback on students’ work
rather than immediately marking
errors and giving a final score

Make activities
and assessments
collaborative

Allow students the chance to
provide their own feedback on
their work before grading

Value progress over
correct answers

This takes a bit of effort; nevertheless, it creates a valuable
collaboration between students and teachers in the interest of
the students’ learning.
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4. Redistribute scoring systems
Incentivise the acquiring of soft skills in your class by incorporating
them into your grading rubric. Teachers can incorporate scores
for presentation organisation and creativity, proper construction
of sentences and project originality — all skills necessary in the
workplace. Students can be made aware of the grading rubric at the
onset of class, to cultivate their awareness of these other areas of
importance, as opposed to simply providing a correct answer.
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Tip
Build STEM soft skill competencies into your lesson by:
• Collaborating with others, be it fellow teachers, educators from
other disciplines, or even your own students
• Incorporating your own interests and experiences in STEM
lessons to make them relatable
• Going beyond STEM disciplines to create holistic learning
experiences for understanding the world around us

Try it out!
Grading rubric from Dr Ariel’s class

5. Allow time and space for reflection

Think of one assignment in your class, and consider how you can incorporate any
of the above tips to adjust the assignment. Can you adjust your marking rubric?
Allow for a creative project? Provide multiple rounds of review before grading?
Incorporate real-life examples into the assessment?

Finally, always allow time and space for reflection in class. Instead
of ending a class with a take-home exercise or an assignment,
why not ask a reflective question or assign an easy soft research
topic? This should also extend
to teachers; after every activity,
have a short reflection time on
how the class went.

Examples of reflective questions and exercises
from Dr Ariel’s class
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2.2

Contextualising STEM in
real-life problems
Mr David Chak
INSTITUTIONAL PROFILE

Arus Academy
Bukit Mertajam in
Penang, and Kuala
Lumpur, Malaysia
Non-profit social
enterprise
20,000 students
impacted

With critical thinking and problem-solving at the core
of STEM education, Problem-Based Learning (PBL)
is a great way to encourage students to investigate
STEM concepts. David and his team at Arus Academy
partnered with the Malaysian Ministry of Education
to write the Year 5 Design and Technology textbook,
using PBL as the core instructional format. Students
learn problem-solving skills and knowledge application
in this sample chapter on renewable energy:

6 teaching staff

What soft skill competencies are you cultivating in your students by adjusting the
assignment?

01
The chapter opens
with contextualising
a problem

The teacher explains the use
of a micro hydro dam in the
interior part of Malaysia.
Students are impressed that
renewable energy can provide
electricity to rural parts of
Malaysia.
The students then discuss how
they can contribute to the wellbeing of those not connected
to the electric grid by making a
solar powered lamp.
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02

04

Students first ideate and
sketch what components
are needed for the
proposed solution

The design is being
optimised and fine-tuned

Students talk about why they
chose the second design, and
then proceed to enhance and
improve the project design for
functionality

Students have a discussion on
the components needed to
make the solar-powered lamp
project, and then proceed to
have three different sketches
for the design.

03

05

Students are then
guided through different
designs of the solution,
and evaluate which of
their sketched designs
is the best

Students then create
functional prototypes
of the solution, and test
whether they are viable

Students discuss the different
elements when it comes to
evaluating the design so that they
can pick the best design possible.
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Students discuss the tools
they will be using to make the
project, while suggesting the use
of upcycled materials such as
plastic bottles.
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06
Students evaluate
how the process has
been for them and
share their findings
with others

Students engage in a
sharing session about their
project and the process

Students calculate the costs
of materials needed to
make the project

Many of the elements of PBL make
use of the Engineering Design Process.
Flip to Chapter 1.2 to read more about
the process and how it can be used
to solve many problems, including
pedagogical choices.

Students go through
the steps to create
their solution, a solarpowered light

SCAN/CLICK TO LEARN

PBL and STEAM*
education:
A natural fit

“

Students learn by
applying what they
know, rather than
regurgitating what
they know in an exam.

- Mr David Chak, Co-founder, 		
Arus Academy, Malaysia

SCAN/CLICK TO LEARN

Taking a ProjectBased approach to
STEM learning

*STEAM refers to science, technology, engineering,
arts and mathematics. Find out more about STEAM
education in Chapter 3!
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Bringing STEM out of the classroom

2.3

To give students the opportunity to apply their knowledge and problem-solving
skills into the real world, Arus Academy set up the national coding competition
Kita #bolehcode for Year 5 to Form 4 students. The winner of 2021’s Microbit
category was 11-year-old Austin Weibin Cheah, who made use of his knowledge
in Design Technology to create a solution to aggressive driving.

Incorporating biomimicry
into STEM lessons
Dr Chatree Faikhamta
INSTITUTIONAL PROFILE

Kasetsart University
Bangkok, Thailand
Public University
Faculty of Education
1,000 students
110 teaching staff

STEM in Thailand is an approach that integrates
science, technology, engineering and mathematics
with a focus on solving real-life problems, including
developing new processes or products that benefit
human life and work. It:

1. Focuses on real-world issues and
problems
2. Immerses students in hands-on
inquiry and open-ended exploration
3. Involves students in productive
teamwork
4. Empowers students’ higher-order
thinking skills
5. Applies rigorous content that
students learn

Austin’s winning presentation

Austin put into practice the lessons learnt from his Year 5 coding class to make
an Ecobit. This device can warn drivers when they drive aggressively with visual
and audible alarm. The device also tracks and logs user driving behaviour to
generate a score, where drivers receive or have points deducted from whether
they drive responsibly.
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6. Allows for multiple correct answers
and reframes failure as a necessary
part of learning
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Biomimicry is taught in STEM classes as a form of Problem-Based Learning.
Biomimicry is a practice that learns from and mimics strategies found in
nature to solve human design challenges. Students learnt how bullet trains
were shaped like a kingfisher’s beak to increase aerodynamics and reduce
noise pollution. Similarly, car designs draw on the shape of a fish species to
help reduce drag and lower energy consumption.

The biomimicry spiral has six key steps:

02
01

Define: Clearly articulate
the impact you want your
design to have in the world
(i.e., the challenge you want
to solve) and the criteria
and constraints that will
determine success

Biologise: Analyse the essential
functions and context that your design
solution must address. Reframe them
in biological terms, so that you can
“ask nature” for advice

03

Biologise

e

D
is

De

ver
co

fi n

The kingfisher’s beak became the model for the nose cone of Japan’s 500 Series Shinkansen bullet train

Discover: Look for
natural models (organisms
and ecosystems) that
need to address the same
functions and context
as your design solution.
Identify the strategies
used that support their
survival and success.

BIOMIMICRY

bs

lu

tra

Eva

ct

Design Spiral

Mercedes-Benz looked towards the boxfish for their bionic car concept

06
Bringing this concept into the classroom,
Dr Chatree and his colleagues used
biomimicry as a form of 		
Problem-Based Learning 			
in STEM lessons.

Evaluate: Assess the
design concept(s) for how
well they meet the criteria
and constraints of the
design challenge and fit into
Earth’s systems. Consider
technical and business model
feasibility. Refine and revisit
previous steps as needed to
produce a viable solution.

A

at

e

Emulate

04
Abstract: Carefully study
the essential features or
mechanisms that make
the biological strategies
successful. Restate them
in non-biological terms, as
“design strategies”.

05
Emulate: Look for patterns and
relationships among the strategies you
found and hone in on the key lessons that
should inform your solution. Develop design
concepts based on these elements.

The Biomimicry Spiral, designed by the Biomimicry Institute
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Grade 11 students were guided to come up with their own innovations to solve
real-world problems using biomimicry principles. One project group created a
bionic hand, applying knowledge from the
topics of the human nervous system, sensory
organs and movement in biology to create
their invention.

Food for
Thought

What do you think is a
common feature of STEM
problem-solving or design
thinking processes?

Now that you’ve read the chapter, here’s our perspective!

(top) Prototype of the bionic hand
(bottom) Students working in collaboration
on a biomimicry exercise

Four ways to incorporate
biomimicry into the classroom:
1. Inspire students to explore nature's
patterns and strategies, and mimic
them as they design their own
solutions to a problem
2. Cultivate in students an
understanding of biomimicry basics
3. Bring students out. Engage and
encourage them to explore their
eco-system in a whole new way, by
sketching and observing what they
can learn from danger

A common feature of these processes is allowing for mistakes, or multiple
rounds of prototyping for the right answer or best solution. These STEM
processes often value the process of inquiry, iteration and improvement
over attaining a singular right answer. This encourages students to
innovate and prioritise the learning process — to become well-rounded
students confident in addressing 21st century challenges.

What did you come up with? Were they similar?

Jot down your thoughts!

4. Challenge students to learn about
biomimicry while applying it to help
solve big sustainability issues such as
climate change

SCAN/CLICK TO LEARN

More about
biomimicry and how
you can use it to design
STEM lessons!
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3
INTEGRATING THE ARTS
IN STEM
As STEM education gained traction, it evolved
to include the arts and humanities under its
broad umbrella of integrated disciplines —
transitioning from a STEM education to STEAM.
In this chapter, we look at how educators
have integrated arts into STEM lessons, and
the practical benefits of adopting this holistic
approach.

Food for
Thought

Learning Points
• Understand how to integrate
creative and cross-disciplinary
components in mathematics
assessments
• Learn how a successful programme
marries STEM education with Arts
and entrepreneurship
• Learn from the perspectives of
different educators on the benefits
and challenges of adopting an
interdisciplinary approach to
teaching STEM

Do you think STEM and the arts and humanities
are mutually exclusive? Why or why not?

Flip to the end of the chapter for our perspective!
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3.1

Assessments for science
communication
Mr Leo Crisologo
2. Transformations
INSTITUTIONAL PROFILE

Philippine Science
High School –
Main Campus
Quezon City,
Philippines
Public high school

As demonstrated in Chapter 2, STEM education
encompasses not just subject-specific
competencies, but also core 21st century soft
skills. In his mathematics class, Leo encouraged his
students to develop integrated STEM skills in the
form of science communication through creative
assessments. Here are three assessment activities
conducted in Leo’s class, on these topics:

1,400 students
135 teaching staff

1. Integral Calculus
Sample poster created by Leo’s students to
demonstrate their understanding of integral calculus

CONTENT FOCUS

Numerical Integrals
TASK

First, students were asked to
demonstrate their knowledge of
geometric transformations by
identifying and taking photographs of
patterns in their houses. The second
part of this assessment asked students
to construct their own symmetric
design, drawing from the examples
studied. They were expected to
communicate how they generated
their design and what symmetries can
be found. This tapped into their art and
illustration skills, with some students
learning how to use illustrator software
in the process.

Use graphic media to explain how to use
numerical methods to approximate integrals.
INTEGRATED SKILLS

Communication
Graphic design
Use of design software

Leo asked his students to use graphic media
to explain how to use numerical methods
to approximate integrals. Students created
posters and infographics to demonstrate their
understanding of the concept, integrating science
communication skills to make the presentation
visually engaging and comprehensive.
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CONTENT FOCUS

Geometric transformations
TASK

Construct your own symmetric design,
identify and classify all symmetries
that can be found on your design.
INTEGRATED SKILLS

Communication
Art and illustration
Use of illustration software
A student’s presentation on their geometric sketches
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3. Application of Integrals

Integrated assessments as STEM learning opportunities

For the ongoing term, Leo planned an
assessment where students were asked
to discover and demonstrate how integral
calculus could be applied in other fields
using media.

Zooming out of his subject of mathematics, Leo looks at assessments as
opportunities for integrating STEM. If students can demonstrate what they
learned in two subjects through a single assessment, this can reduce student
workload. Here are three ways Leo and his colleagues have created and
encouraged integrated STEM learning experiences:

1. Create a cross-disciplinary project
In one of Philippine Science High School’s humanities subjects, students had
to come up with an integrated STEM project that contributes to a particular
community. Leo’s class opted to produce a series of science and mathematics
educational YouTube videos specifically for a grade school in Nueva Ecija, a
neighbouring division in the Philippines.

Mathematics 6 Third Quarter
Alternative Assessment Specifications (SY 2021-2022)
Project Goal:
To construct an instructional material in the form of a mixed
media demonstration of the applications of integral calculus
in other fields (Biology, Chemistry, Physics, etc.). Some
examples of acceptable output include:
1 . Slideshow presentation (powerpoint, La Te.X, canva, etc.)
2. Video presentation
3. Teaching poster/infographic

Example of a student's project

Other forms of output not mentioned above may be accepted
if the teachers are informed.
General Objectives:
• Demonstration of the PSHS core values of Truth, Excellence and Service by
representing mathematical truth correctly and clearly, using a delivery medium
of the students' choice.
• A public exhibition of the project will demonstrate the skills and knowledge of
a PSHS Scholar and be a source of pride for the school in general and the Math
Unit in particular.
• Accompanying explanations should be complete and accurate. At the same
time, the explanations should be easy to understand.
• Use appropriate skills developed in the past five years in working with the
different media that can be shared or given away to other institutions.
• Demonstrate individual accountability and responsibility.

An assignment brief for Leo’s class

SCAN/CLICK TO LEARN

From STEM to STEAM:
9 Specific Strategies for
Adding the Art
Follow Leo’s Twitter
account for updates on
the project and creative
student outputs!
@PisayTeacherLeo
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35 Resources for the
STEAM Classroom:
Putting the Arts in
STEM

2. Use digital tools to create STEM lessons
STEM teachers can also demonstrate proficiency in using STEM tools such as
scientific mathematical design and programming software. In developing his own
video materials, Leo used Desmos and LaTeX for type setting, made programmes
in Python, and produced his own videos using DaVinci Resolve. These are all
available online for free. Leo also made sure to communicate the use of these tools
to his students, to demonstrate that as a teacher he is also learning along the way.

3. Keep the stakes low
When attempting integrated activities it is very important to keep the stakes low. It is
very difficult to come up with an integrated assessment that demonstrates learning
equally for two or more subjects.
Moreover, it can be discouraging
if people put in a lot of work or
Tips
effort only to have something that
For creating integrated STEM
provides a shallow demonstration
learning experiences
of learning. Keeping stakes low
at the start allows students
to be confident in doing these
assessments, and for the teachers
to make their mistakes and
improve on the assessments
without having to compromise on
student interest and performance.

Cultivate an environment
that incentivises innovation
Look for opportunities
amid the limitations
Communicate your
intentions
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3.2

Involving the arts and
entrepreneurship in STEM
Professor Dato’ Dr Noraini Idris
INSTITUTIONAL PROFILE

National STEM
Association
Malaysia
Non-Governmental
Organisation
1,000 schools and
250,000 students
impacted
500 staff

To show that STEM is not a subject that can only
be enjoyed by students of privileged backgrounds,
National STEM Association Malaysia has been
organising the STEM Mini Theatre project as part of
building a STEM ecosystem, and inculcating interest
in STEM among secondary school students of the
Bottom 40 income group1. This unique programme
combines entrepreneurship, STEM competencies
and the arts, by encouraging students to innovate
solutions to real-world problems using their
knowledge in STEM subjects, and dramatising their
process on stage as a core output. Many student
groups have created functional products that have
been marketed and sold to the public.

1. Malaysians are categorised into three different income groups: Top 20% (T20), Middle 40% (M40), and Bottom
40% (B40). This is based on the Department of Statistics’ (DOSM) Household Income and Basic Amenities (HIS/
BA) survey of 2019. The B40 income group are the bottom 40% of households in the country by median income.
Source: https://www.comparehero.my/budgets-tax/articles/t20-m40-b40-malaysia
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In the STEM Mini Theatre project, students are guided through the following steps:
• Students first answer an aptitude survey to identify their ability and
interest in various STEM domains such as food, agriculture, technical and
vocational skills, and electronics, etc.
• Students are then placed into groups according to their interests. In their
groups, they start to ideate on what problem to tackle, as well as which
STEM subjects they will draw from to formulate their solution.
• Students then make use of the Engineering Design Process to create
prototypes of their products.
• After finalising their product, students dramatise their entire innovation
process on stage as a play, from their original problem statement to the
intention of the product, and finally the solution or prototype they have
developed. Students respond to questions asked by the judges regarding
their process and inventions.
• Finally, groups get the chance to showcase their products in a fair. Many
student innovations have been successfully sold as viable solutions with
the aid of business partners and investors.

Project presentation demonstrating the integration of science, technology, engineering and mathematics (STEM)
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Some successful student innovations that have gone on the market are:

3.3

Discussion Points:
Creating cross-disciplinary STEM lessons
Qn: How can teachers integrate core ideas from various
disciplines to create a STEM lesson?

Oregano-based, alcohol-free
hand sanitiser

The Wabble, an edible water bottle

Creating innovators and confident speakers through STEAM
• Many students in the programme originally lacked the confidence and
communication skills to articulate STEM concepts and their innovation process.
Through the programme, students gained the confidence not only to practically
translate STEM content knowledge into real-world solutions, but to articulate
their process clearly on a stage.

DR ARIEL BABIERRA
Associate Professor of
Mathematics, Institute of
Mathematical Sciences and
Physics, University of the
Philippines Los Baños

• Some of the products they have developed attracted interest from the industry
and have started to commercialise their innovations.
• Secondary school students from a disadvantaged background were developed
to become innovators, researchers, and leaders.
• As a result of their practical innovations, several student groups won awards at
the 2020, 2022 Asian Youth Innovation Awards.
The STEM Mini Theatre project is a key example of how STEM education is for
everyone and can uplift students of all backgrounds and aptitudes. It provides a
unique example of how integrative STEM education can span across all domains,
including the arts and entrepreneurship.
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In subject-specific class activities, you can incorporate
STEM-themed elements even in non-STEM disciplines.
For example, for a language subject, get students
to read a popular scientific or mathematical articles
and focus on sentence constructions, rather than
other types of news articles. In history, incorporate
developments in STEM fields or contributions of local
STEM practitioners. In physical education class, do
nature work and try to identify local flora and fauna.

MR LEO CRISOLOGO

Making meaningful connections to different fields and
being able to apply it to your classroom experience
is not easy and will draw from years of experience.
Teachers who are curious and are familiar with
disciplines and interests other than their subject may
find it easier to find connections between their topics
and other subjects. Start by developing an interest
in other fields and working with people from other
subjects.

Mathematics teacher,
Philippine Science High
School – Main Campus
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Qn: Is entrepreneurship something that can also be
developed and sustained as a goal for STEM education?

PROFESSOR DATO’
DR NORAINI IDRIS
Founder and President,
National STEM Association,
Malaysia

DR SHERYL LYN
MONTEROLA
Director, National Institute
for Science and Mathematics
Education Development,
Philippines
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In Malaysia’s school curriculum, entrepreneurship
is taught alongside subjects such as mathematics,
science and the languages. With the uncertainty
of industry in the future, we want to encourage
job creators, not just job seekers. Programmes
in schools must reflect the changing times to
include areas like entrepreneurship. We encourage
students to design their own products, with the
help from counsellors or subject teachers, with
some students even patenting their creations. We
encourage students to start their social enterprise
on a small scale, and learn about business models
together with STEM. We want to cultivate students’
creativity, higher order thinking, and real-life
application of concepts.

I think entrepreneurship has a great connection to
integrated STEM education. It is actually a host of
skills being applied all together: science, technology
and engineering to develop your product, and
mathematics for finances. You deal with failures as
an entrepreneur, and that is a part of problem-solving
at its best. So I think we have to start young in terms
of making young innovators. We look at the future of
young technopreneurs applying their integrated STEM
skills into something that will generate a lot for the
economy of the country.

Food for
Thought

Do you think STEM and the
arts and humanities are
mutually exclusive?

Now that you’ve read the chapter, here’s our perspective!
While the content of both the arts and humanities
and traditional STEM disciplines can be vastly
different, approaching STEAM education with
an underlying spirit of inquiry, critical thinking
and collaboration brings together wonderful
synergies in creative projects that produce
real-world solutions. Institutions such as the
ArtScience Museum in Singapore proudly display
how new innovations and ideas are formed at the
intersection of arts and science.

SCAN/CLICK TO LEARN

More about the
ArtScience Museum
and their work!

What did you come up with? Were they similar?

Jot down your thoughts!
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4
BUILDING UP STEM
TEACHERS AS LEADERS
While STEM education is not an unfamiliar term in
the region, it is still not being effectively taught in
the classroom due to curriculum and pedagogical
challenges. It is important to support teachers with
programmes that help them apply and implement
STEM pedagogies in the classroom, and empower
them to innovate and take responsibility for STEM
education in their schools. In this chapter, we look
at some effective training programmes in Indonesia,
Thailand and the Philippines, and the methods they
used to build up STEM teachers.

Food for
Thought

Learning Points
• Understand effective
frameworks for capacitating
STEM teachers
• Understand the importance
of reflection and
collaboration in improving
teaching

What reflective practices do you use to improve
your teaching?

Flip to the end of the chapter for our perspective!
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4.1

Enhancing investigative
approaches to STEM
Mrs Rosemarie Z. Burayag
INSTITUTIONAL PROFILE

Schools Division
Office of Nueva Ecija
Nueva Ecija,
Philippines
Department of
Education

As an Education Program Supervisor in Science, Mrs
Burayag identified the need to centre STEM teaching
around the goal of basic education. Through her
research, she found an effective way to improve how
STEM teachers taught scientific concepts: through
Lesson Study and the integration of the 7 Es Learning
Model, which has the components: Elicit, Engage,
Explore, Explain, Elaborate, Extend, and Evaluate.

348,527 students
13,395 teaching staff

ELICIT
Extract or draw
prior knowledge

EXTEND

The 7 Es model is a Conceptual Change Model, where
importance is placed on the process of un-learning
content and processes to relearn new ones.
It also makes use of inquiry-based learning, which
enlivens and enhances the skills of learners and makes
students responsible for their own learning. Through
this method, students also develop group process
skills while gaining content knowledge.
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Create interest and
stimulate curiosity

EVALUATE
Assessment:
Formative or
Summative

ELABORATE

EXPLORE

Deepen understanding
and apply learning to
similar contexts

Build concepts
with first-hand
experience

EXPLAIN

7Es

The 7 Es Learning Model

ENGAGE

Apply and transfer
learning to unfamiliar
and different
contexts

Present findings,
construct explanations
and justify claims

CONCEPTUAL CHANGE MODEL

UNFREEZE

CHANGE

REFREEZE

Create right
environment

Support change
to desired state

Reinforce to
anchor change
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Enhancing teacher capacity in STEM pedagogy
The project aimed to enhance teachers’ competence in delivering classroom
science instruction, promote collaboration, data-driven findings and critical thinking
among teachers, apply the Lesson Study as well as the 7 Es Learning Model in class
and establish community linkages to adopt the practices in other schools.
The design and implementation of the project shares many similarities to Lesson
Study, where the Lesson Exemplars are made through the collaboration of
teachers from “elicit” to “evaluation” phase.

• Identify the professional development priority of the teachers, to
ensure that the training is needs-based and demand-driven
• Design the programme based on the current situation and needs of
teachers and students
• Strengthen classroom observation, and provide technical assistance
to bridge the link between instruction and pedagogy
• Strengthen the culture and implementation of peer learning and
building communities of practice

1. Teachers’ least learned competencies were identified 		
by trainers
2. Demonstration teachers, process observers and recorders
were selected

Tip
The 3 Cs of successful STEM teaching

3. Online pre-tests were conducted
4. Teaching demonstrations were conducted, and process observers
and recorders put into writing what went well, what went wrong,
and what can be improved
5. Focus group discussions, with master teachers, department
heads and school principals as instructional leaders to provide
suggestions and refine the lesson exemplars
6. Online post-tests were conducted

Commitment

Collaboration

to secure quality
outputs and
services

with
the stakeholders

Communication
for effective
feedbacking

7. Test results were analysed
8. Repeat of the process: The same topic and procedures will be
taught to another class to further enrich the lessons
A guide to a successful transformation of pedagogies:
63

64

4.2

Developing pedagogical
content knowledge in STEM
Dr Chatree Faikhamta
INSTITUTIONAL PROFILE

Kasetsart University
Bangkok, Thailand
Public University
Faculty of Education
1,000 students
110 teaching staff

“

While STEM education has been introduced in
Thailand for more than 10 years, many teachers still
find difficulty in translating the skills and ideas gained
from workshops into context-specific lessons.
Dr Chatree and his colleagues at the Kasetsart
University Faculty of Education uses the pedagogical
content knowledge (PCK) framework in their teacher
professional development programmes to bridge
the link between theoretical knowledge and actual
classroom practice.1

Pedagogical content knowledge is… the
integration or the synthesis of teachers’
pedagogical knowledge [what they know about
teaching] and their subject matter knowledge
[what they know about what they teach].

- NARST, A global organisation for improving
science education through research

SCAN/CLICK
TO
LEARN MORE

1. For more information, see: Faikhamta, C., Lertdechapat, K. and
Prasolarb, T. (2020). The Impact of a PCK-based Professional
Development Program on Science Teachers’ Ability to Teaching STEM.
Journal of Science and Mathematics Education in Southeast Asia, 43.
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PCK for STEM
Action
Research

Student
learning

Student Learning:
Teachers use HOT as
a lens to look at student
learning deeply — how do
they teach these skills;
what are the indicators that
reflect these skills being
learned; and how to assess
or evaluate student HOT
learning outcomes.

PCK
for
STEM

Self-study

Action Research:
A qualitative research looking at
progression and what happened
during implementation, looking
at student learning rather than
teacher’s teaching

HOT

Higher Order Thinking (HOT):
Student learning outcomes
should be more focused on
higher order thinking, such as:
1. Critical Thinking
2. Collaborative Problem-Solving
3. Creative Thinking
4. Scientific Argumentation
5. Engineering Practices

For science teachers to teach STEM effectively,
they need to have these competencies to design,
implement and refine classroom activities:
1. Orientations to Teaching STEM
2. Knowledge of STEM Curriculum
3. Knowledge of Students’ Understanding in STEM
4. Knowledge of Instructional Strategies and
Representations for Teaching STEM
5. Knowledge of Assessment of STEM Learning

Flip to Chapter 2.2
to see how teachers
integrated STEM
concepts such as
biomimicry into their
lessons!
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Developing pedagogical content knowledge for
STEM education

Data collection in school
(5 WEEKS)

Dr Chatree and his team made use of these principles to develop
and conduct a seven-week workshop for STEM teachers in Thailand.

DAY 1

DAY 2

WEEKS
2-6

• Teachers try out their STEM activities
in the classroom and collect data on
student learning

DAY 3

DAY 4

• The POAR model is used for teachers
to Plan, Act, Observe and Reflect to
improve their teaching methods
Teachers preparing their posters for sharing

Analysing
teaching
problems
in order to
generate
research
questions

Planning and
searching
for ideas to
address the
research
questions

Collecting
data using
the POAR
model

Analysing
data

(see page 68)

Writing
and
presenting
a research
report

PLAN

ACT

Workshop session 2
(2 DAYS)

ACTION
RESEARCH

REFLECT

OBSERVE

• Teachers work with trainers to
analyse the data they have collected,
including their observations of the
class and student artefacts, such as
worksheets and reflection journals
• Trainers guide them to process their
results and present their findings

Workshop session 1
(2 DAYS)

• Teachers share their experience and
challenges teaching STEM in the
classroom
• They analyse these problems
• Each teacher comes up with their
own action research question

Teachers during a poster session
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• Teachers then plan and prepare to
undertake their research project,
discussing and getting feedback
from peers

As nurturers of the next generation, teachers not only
teach, but also have to embody the spirit of learning
themselves. Teachers all wear several hats, and 		
Dr Chatree believes in and focuses on cultivating
teachers as learners, researchers, makers and problem
solvers, and most importantly, reflective practitioners
— to prepare them for the realities of teaching everevolving subjects in an ever-changing world. With the
right support, teachers can be made confident leaders
and effective teachers of STEM education.
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Didactic transposition of science knowledge
Didactic transposition refers to the deconstruction and reconstruction of scientific
knowledge, values or practices in order to make them teachable in the classroom.
Typically, a teacher with academic and theoretical knowledge enters a school, and
gains tacit knowledge and know-how from the school and its community. This
knowledge is further refined when applied to various lesson designs, based on the
level and subject. Finally, the teachers transfer this packaged knowledge to the
students through their teaching.

4.3

Empowering teachers to create
STEM lessons
Dr Arif Hidayat

The reverse can also be done, by opening classroom lessons to observations.
The teacher can use the knowledge from these lessons to refine and improve
their lesson design. By improving lesson designs together in the community
through lesson study, community knowledge is strengthened, and finally academic
knowledge can be updated and improved.

Didactic
transposition
INSTITUTIONAL PROFILE

Universitas
Pendidikan
Indonesia
Bandung,
Indonesia
University

Lesson

Training teachers for STEM education
leadership
The focus of Indonesia’s STEM efforts has been on
localising STEM paradigms and pedagogies, to create
interdisciplinary learning and increase students’ various
literacies, such as engineering, technology and disaster
literacies — something that is important in disasterprone Indonesia.
As education in Indonesia is decentralised, there has
not been a standardised STEM curriculum or STEM
teacher preparation programme. Creating a STEM
curriculum for the classroom largely falls into the hands
of teachers themselves. The core concern of STEM
teacher training is hence focused on helping teachers
create STEM curricula based on students’ responses and
understanding of the material. Dr Arif used the concepts
of didactic transposition and pedagogical content
knowledge to inform and structure STEM teacher
training workshops in Indonesia.
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Didactic
transposition

Academic
knowledge

Community
knowledge

Taught
knowledge

Student
learning

Teacher training
and university study

Lesson study in
community

Lesson
design

Classroom
lessons

Source: Bosch & Gascon (2006)

SCAN/CLICK TO LEARN

More about didactic
transposition as a
concept!
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Improvisational pedagogical content knowledge
Teachers regularly modify curriculum materials for their classroom, and
can bring the knowledge from students, the classroom and their teaching
experience into curriculum design. To develop STEM teachers’ learning
leadership, a workshop was conducted in 2021 for Indonesian secondary
school teachers in science and mathematics, in partnership with the
Indonesian Ministry of Education and meriSTEM@NIE Singapore.

Held over six to seven days, the workshop had five main activities:

01

PREVIOUS EXPERIENCES DIALOGUES
Teachers were given the space to learn from one
another’s experience on teaching STEM, and have a
dialogue on STEM teaching and learning

The programme had two facets:
1. Mastery of STEM content

2. Learning leadership

Train teachers in conducting
high-quality STEM lessons

Empower teachers as leaders for
improvisational curriculum-making

02

03

CONCEPT AND STEM FRAMEWORK
Teachers were introduced to key STEM teaching
concepts and the STEM Quartet Framework

HANDS-ON LEARNING WITH THE STEM
QUARTET FRAMEWORK
Teachers deepened their understanding by applying
the Framework through hands-on activities

With a focus on hands-on
learning, the programme was
developed with two guiding
concepts: (1) meriSTEM@
NIE Singapore’s STEM
Quartet framework, and (2)
Lesson study and democratic
pedagogies.
The workshop included a
train-the-trainer element and
was split into two phases. First,
master teachers were trained,
and then these master teachers
went on to be facilitators for
the teacher trainers.
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04

05

LESSON OBSERVATION AND ANALYSES
Teachers went back to their classrooms to apply
what they have learnt, and conducted lesson
observations of colleagues

GROUP LESSON DESIGN
Finally, teachers formed groups to create a STEM
lesson plan to be implemented in their classrooms
after the workshop

Teachers engaging in hands-on activities
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Flip to chapter 1.3 for more
information about the
STEM Quartet Framework!

Taking reference from the model of
Lesson Study, project activities were
specifically designed to lead teachers in
developing the right “lenses” for STEM
improvisational curriculum-making,
with these four goals:

Case study of improvisational
curriculum-making
A teacher was considering the use of a ruler
and pieces of paper to demonstrate how static
electricity works, but considered students’
questions on showing the neutral point by
means of negative and positive polarities at
balance. The teacher then adjusted their idea
and came up with a new worksheet, accounting
for the students’ predicted responses.

Lesson study focuses
on the reaction of the
students, and aims to
improve the lesson, not
critique the teacher.
A strong emphasis is
placed on analysing
and discussing the
outcomes of the lesson
to refine future lessons.

Teachers sharing their group’s STEM lesson plan

Allowing students to lead

01

02

Widening the “lens” of
the teachers directly, via
video lesson observation.

Sharpening the “lens”
through lesson analysis;
from the lesson
observation, a speech
transcript is created
and analysed.

04

Lesson study:
Disseminating
learning outcomes
through an open
lesson. After the
workshop, teachers
can determine in
which appropriate
time to conduct the
open lesson and
post discussion.

As part of the post-lesson discussions,
recordings of the teacher’s classes
were analysed.
%
100
90

Teacher's speech possession
Students' speech possession

80
70
60
50
40
30

03
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Improvisational STEM curriculum-making where
teachers develop STEM lesson designs. They were
simple lesson designs, but what made the lesson designs
different, was including the components of anticipating
and predicting students’ responses. Teachers use
the students’ interests and knowledge as resources
in instruction, and react to situational needs and
requirements in the classroom.

20
10
0

time

Speech possession refers to the
voice that is more dominant in
the classroom.

Comparing speech possession before
and after the implementation of the
new teaching techniques, the group
found that the teacher had refrained
from dominating the classroom
conversation, created more space
and opportunities for students to
engage in discussions, engaged more
in observing students’ activities,
and — through facilitating group
work — allowed the hidden voices of
students to emerge.
Every teacher can be a leader,
especially when taking charge of
designing lessons and learning
experiences for their students.
Changing the lens through which
teachers look at their classrooms and
the role they play is important aspect
to improving students’ learning
experiences.
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Jot down your thoughts!

Tips
How can we guide teachers to create effective
improvised STEM lessons?
1. Encourage and support teachers to create STEM lessons
in collaboration with their colleagues
2. Improve teachers’ performance in metacognitive
activities, such as predicting students’ responses to a
lesson, and anticipating their response to structure a
lesson
3. Create STEM communities of practice where teacher may
learn from each other, collaborate, and share resources

Food for
Thought

What reflective practices
do you use to improve
your teaching?

Now that you’ve read the chapter, here’s what you can use!
Lesson Study: A team-oriented reflective practice that focuses on
students’ reactions to lessons, and improvement of learning experiences.
Action Research: A reflective practice that can be conducted,
either individually or as a team, and can cover any aspect of schooling,
instruction, or students

Tried it out?
Share your reflections and
classroom implementation with
fellow educators! Join in the
conversation and connect with the
education community in our social
learning group, Teaching, Leading,
Learning on Facebook.
SCAN/CLICK TO VISIT

What did you come up with? Were they similar?

75

Teaching,
Leading,
Learning

76

5
CREATING STEM
COMMUNITIES AND
PATHWAYS
Many nations have STEM as part of their
development agenda. Building a broad STEM
ecosystem must be considered alongside developing
and implementing effective STEM education in
schools, because industry, policy and education are
intertwined. In this chapter, we look at how some
countries are working to build strong national networks
to strengthen STEM education. We also look at how
an intergovernmental regional organisation works
across borders to encourage STEM teachers to adopt
international best practices.

Food for
Thought

Learning Points
• Understand the elements of
a STEM ecosystem
• Understand how partnerships
between schools, governments
and industry can contribute to
the development and growth
of a STEM ecosystem
• Understand how capacity
building for STEM educators
and school leaders translates
to improved student learning
outcomes, and improved
careers in the STEM industry

What is your nation’s stance on STEM education?
Are there existing governmental partnerships with
STEM organisations?

Flip to the end of the chapter for our perspective!
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5.1

Elements of a STEM ecosystem
Dr Sheryl Lyn C. Monterola
INSTITUTIONAL PROFILE

National Institute
for Science and
Mathematics
Education
Development
Quezon City,
Philippines
Public Higher
Education Institution
1,367,100 students
and 27,342 teachers
impacted
79 staff

Building a strong STEM education curriculum and
industry is on the agenda of many governments and
educational institutions. But what are the guiding
principles behind creating an effective and sustainable
STEM Ecosystem? Dr Sheryl discusses six principles
adopted by the National Institute for Science and
Mathematics Education Development (NISMED) in
the Philippines:
Integrated
STEM agenda

“Whole-ofecosystem”
approach

2. ADOPT A WHOLE-OF-ECOSYSTEM APPROACH
Acknowledge that STEM problems are real-world, complex problems that
cannot be solved with only content knowledge from the science fields or
scientific thinking methods. A whole-of-ecosystem approach that integrates
STEM subjects with perspectives from other subjects — such as the
humanities and social sciences, and also other sectors like the government,
businesses and the community — is needed.
3. EMBRACE DIVERSITY

Shared vision
for STEM

Reach out and harness the strengths and capabilities of all individuals and
institutions. Problems are not solved by a single idea or perspective. Embracing
a diversity of perspectives from different individuals in different domains —
with different perspectives and abilities — will develop the solutions needed
for complex and persistent real-world problems.

Diversity

Synergy

Understanding
of context

4. UNDERSTAND CONTEXTS
As we work with others, understand the contexts of where stakeholders and
partners come from, to better understand how we can come together to
create a better and more responsive solution.
5. CULTIVATE A SHARED VISION FOR STEM

1. HAVE AN INTEGRATED STEM AGENDA
Have a clear sense of purpose, direction and intended outcomes. Integrated
STEM means the synergy or transdisciplinary mix of best practices, approaches,
and techniques as well as relevant content knowledge from the individual fields
such as science, technology, engineering and mathematics to generate solutions
and innovations.
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By accounting for and incorporating the interests and perspectives of different
groups, we can create a shared vision for STEM education and the industry.
6. CREATE SYNERGY
Work collaboratively with various partners across disciplines and industries to
harness synergies that enable everyone to contribute and mutually benefit.
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5.2

Creating partnerships for
a STEM ecosystem
Dr Sheryl Lyn C. Monterola

INSTITUTIONAL PROFILE

National Institute
for Science and
Mathematics
Education
Development
Quezon City,
Philippines
Public Higher
Education Institution
1,367,100 students
and 27,342 teachers
impacted
79 staff

STEM education in the Philippines was formally
introduced in 2016, and is available to senior high
school students as part of the K-12 curriculum. For
schools to effectively implement STEM education in
the classroom, they need the support of government
institutions, the local community and the industry.
Dr Sheryl shares some of the Government-IndustryEducation (GIE) partnership programmes that she
and her team at the Centre for Integrated STEM
Education (CISTEM) had facilitated in the Philippines,
to incorporate and effectively deliver this new subject.

Developing teachers through an
industry immersion programme —
The STEM Teaching Factory
The STEM Teaching Factory is a teacher immersion
programme, done in collaboration with CISTEM, the
Philippine Department of Education (Regions 3 and
4), Unilab Foundation, Amherst Laboratories, Belmont
Laboratory and Unilab Pharma Academy.
The programme had the objectives of:
Establishing mutual knowledge communication
between schools and industries
Providing real-life career environments for STEM
teachers

In this programme, teachers visited a neighbouring manufacturing plant and
interacted with STEM professionals. These included the vice-president, engineers,
analysts, pharmacists and technicians working in the facility. The teachers were
able to understand current STEM industry practices and challenges, and how their
lessons in the classroom can be adjusted to develop competitive and workforceready students.

Teachers trying on-site experiments

The STEM Teaching Factory playbook

Teachers also conducted experiments using industry-standard
tools and equipment found in the manufacturing plant. To
translate what the teachers had learnt from their site visit
into the classroom, CISTEM and its partners developed
the STEM Teaching Factory playbook,
which teachers could follow to
conduct similar experiments
with their students using
parallel classroom-ready
activities with tools and
equipment that are
available and more
accessible to the
students.

Exposing STEM teachers to challenges involved in
everyday industrial practice
Building STEM teacher capacity
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Involving the community with the Integrated STEAM
Innovation Programme
In 2019, a collaboration among the University of the Philippines-College of
Education, Unilab Foundation, and the Center for Integrated STEM Education
(CISTEM, Inc.) created an Integrated STEAM (science, technology, engineering,
agriculture and mathematics) Innovation Program for senior high schools. The
programme was implemented in Sorsogon, a province in the Bicol Region that
generates agricultural products of the top priorities of the Philippine Department
of Trade and Industry (DTI) for agribusiness development.
The Integration STEAM Innovation Program had five components, namely: (1)
metacognitive design thinking in the integrated STEM curriculum; (2) supportive
ecosystem; (3) capacity building; (4) resources; and (5) intelligence and
sustainability mechanisms, which are described as follows:

1. Metacognitive Design Thinking in the Integrated STEM Curriculum
The programme developed the Metacognitive Design Thinking Framework, which
is characterised by the following processes:
1. Empathising — understanding the context and needs of the community;
2. Defining — identifying a problem that needs to be solved;
3. Generating — ideating on possible solutions that can either be innovative
products or optimised processes or services;
4. Distilling — deciding on the most viable solution to carry out
5. Creating and testing — building and testing the prototype solution with a
possibility of redesigning in case the solution does not work; and
6. Communicating — informing the broader community of the tested solution and
evidence of its impact.

Empathise
How can we help our community?

SUPPORTIVE ECOSYSTEM
government agencies,
academic institutions,
business, civil society
organisations 		
and families
CURRICULUM
WITH
METACOGNITIVE
DESIGN THINKING

CAPACITY-BUILDING

INTEGRATED
STEAM
INNOVATION
PROGRAM

INTELLIGENCE AND
SUSTAINABILITY MECHANISMS
community needs assessment,
consultation with 		
stakeholders,
research
The five components of
the Integrated STEAM
Innovation Program
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Generate

workshops and
hackathon

RESOURCES
STEAM research and
innovation agenda,
and teaching and
learning materials

Define

What are
the possible
solutions?

What problem
needs to be
solved?

Distill
What are the
most viable
solutions?

Communicate

Create & Test

How can we
inform our
community?

How do we know
if our solution
works?

It was integrated and implemented in a year-long curriculum in STEM classes
in senior high school. It aimed to develop 21st century competencies such as
creative/inventive thinking; critical thinking; ICT literacy; math skills; work ethics;
resilience; grit; growth mindset; and metacognitive awareness.
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2. Supportive Ecosystem
The programme engaged different stakeholders such as government agencies,
academic institutions, businesses and civil society organisations. They provided
various forms of support to the students and their families, teachers and
administrators. Parents were also engaged through the Family Development
Sessions, which were designed to increase their level of awareness on the
importance of developing students’ skills in STEM for nation-building.

Based on these components, two guiding philosophies were evident
in the programme:

1. It takes a village to raise a child
This ethos emphasised the need for stakeholder support
and engagement. Understanding the importance of
engaging people to find the best solutions and to attain
stakeholder buy-in, the programme started with a
consultation with stakeholders in developing the STEAM
research and innovation
agenda. From there, it was
agreed that the programme
would develop the capacity
of teachers and school
leaders in order for them
to shift from managers
and administrators to
instructional leaders. The
programme would also
build awareness of STEAM
within students’ families.

3. Capacity-Building
The programme trained 100 teachers to deliver the Integrated STEM
curriculum. Aside from the Metacognitive Design Thinking Workshop, selected
teachers and instructional leaders were exposed to additional intensive
trainings. A hackathon was also organised for students and teachers.

4. Resources
A curriculum package was provided to teachers. Each package consisted of
the curriculum guide, research and innovation agenda, presentation slides on
metacognitive design thinking, and worksheets or activity sheets. Schools were
also provided with Arduino Kits, which are starter kits for building digital or
electronic products.

5. Intelligence and Sustainability Mechanisms
To determine the effectiveness of the programme, pre- and post-assessment
tools of 21st century competencies were administered to about 500
students participating in the programme. Results of the evaluation were also
considered in the renewal of the partnership and further implementation of the
programme, not only for senior high school but also for junior high school.

STEM talk for family awareness

2. Minds-on, hearts-on and hands-on
This approach emphasised the holistic aspect of the STEAM
Innovation programme: the collaborative development
of not only the cognitive capabilities (minds-on), but also
the socio-emotional skills (hearts-on) of students that are
geared towards innovating for the community.
From the year-long implementation of metacognitive design thinking into the
senior high school STEM programme, 92 community-responsive student-led
projects were generated. Students used design thinking and integrated technology
to develop solutions to community-based problems. Pre- and post-assessment
results show the programme significantly improved students’ lifelong skills, such as
science process skills, math skills, critical thinking, ICT skills, work ethics, resilience,
metacognitive awareness, growth mindset, grit and resilience.
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5.3

Building a holistic 		
STEM community
Professor Dato’ Dr Noraini Idris
INSTITUTIONAL PROFILE

National STEM
Association
Malaysia
Non-Governmental
Organisation
1,000 schools and
250,000 students
impacted
500 staff

Malaysia’s National STEM Association was established
in 2018, with the motto, Ignite, Inspire, Innovate, to
advance Malaysia’s STEM education goals. A main goal
of STEM education in Malaysia is to develop STEM
thinkers with 21st century skills, with knowledge
on using technology for the digital era. As the
Association’s Founding President, Dr Noraini dissects
how partnerships can be established between schools
and universities, to encourage interest in STEM
education at every level and build a robust STEM
ecosystem.

Malaysia’s STEM Pipeline
Examples of student projects

For STEM education to have a successful and
far-reaching impact on students and economies, a
whole-of-community effort is required to encourage
and sustain STEM initiatives. However, Rome
was not built in a day! If there is no strong STEM
education network in your region, start small by
partnering with neighbouring schools, or inviting
local STEM experts to speak with your class. Reach
out and you will be surprised that there are several
individuals and organisations that are willing to
provide any form support, especially if it is for
advancing STEM education.
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SCAN/CLICK TO LEARN

Cultivating a
STEM Learning
Ecosystem

Students’ experience of becoming engaged in STEM
is not only influenced by the pedagogical approach
of teachers, but also by their learning environment.
The STEM Pipeline illustrates how all parties including
teachers, school administrators, school departments
and education ministries need to collaborate and be
involved to ensure the success of STEM education
in Malaysia. Teachers need to be given continuous
professional development on new pedagogical
approaches and technology to provide stimulating
and engaging lessons to students. Partnerships
between institutions can also help expand STEM
education. STEM acculturation is needed to connect
teachers, lecturers and students with practising STEM
experts to enable an understanding of STEM careers.
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Infrastructure
Non-formal

Inculcating a love of STEM with mentorship

Formal

CRADLE
Curriculum

NURSERY

Environment

• Family
• Peers
• Effective (Fun)
• Community

• Contextual teaching and learning
• Interdisciplinary effective pedagogy
• Assessment
• Mentoring
• Enriched STEM class

Develop
thinking
mind

PRESCHOOL

Birth of
STEM
culture

Leadership
Why?

• High thinking skills
• Problem solving
• Creative + critical thinking

Include links with
young scientists

Embedding
culture with
knowledge

Malaysia needs scientists, technologists, engineers and mathematicians
that possess critical and innovative thinking skills. To inculcate a love
of STEM and to build a stronger foundation in the
subjects at an earlier age, the National STEM
Mentor
Association created the STEM MentorScience
Mentee programme as a partnership
students from
between schools and institutes of higher
universities
education where university students
in STEM majors mentor secondary
school students. The strength of
the mentor-mentee programme
STEM
is the teamwork and coordination
MENTOR-MENTEE
among the three main players, as
PROGRAMME
shown in the figure on the right.
Image adapted from: Noraini Idris (2015),
STEM Mentor Mentee Programme

Develop STEM
thinkers

Facilitator
National
STEM
Movement

Mentee
Form 1-3
students

PRIMARY

Incorporation

Include
NGOs

of technology
Include links with
in education
scientists and industry

SECONDARY
Include
NGOs

Include links with industry
and Nobel laureate

Encultured

TERTIARY

CAREER

Secondary school students visiting a university’s
science lab

STEM Related Career

Creative leaders
Next generation
scientists

Image adapted from: Noraini Idris et al. (2011), STEM Pipeline from Research Report 		
"Developing a High Quality Education Model for Science, Technology, Engineering and Mathematics (STEM)”
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University mentors work with a group of
five Form 1-3 students from neighbouring
schools, where the students get a chance
to visit the university facilities and even
experience lab work. At the end of Form 3,
all students have to choose their preferred
stream of study of either Pure Science or
Social Studies for higher secondary school.
The Mentor-Mentee programme aims to
sustain their interest in STEM classes, so
more students feel excited about choosing
the pure sciences stream and further their
STEM education, strengthening the STEM
pipeline.
To build community and drive interest in
STEM, mentors share interesting news and
updates in the STEM fields, and facilitate
discussions in WhatsApp group chats.
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Developing strong community links in STEM education
The STEM Caring Schools Community Programme is a collaboration between
students, school leaders, teachers, parents and the community — with the help from
National STEM Association Malaysia to promote interest in STEM. The programme
encourages students to work as a team to initiate and develop a project related
to STEM. The programme has three modules that complement one another, and
encourage and maximise the use of recycled materials to execute the projects:

2. Creative Garden
In this module, students will be
introduced to novel farming
methods such as hydroponics, as well as
making a hydroponics set by themselves
along with other creative gardening ideas,
such as vertical gardening.

1. Recycle Inspiration
This module aims to both
inspire students to be
interested in STEM and develop
an appreciation for nature. Some
of the suggested projects include
constructing bridges from recycled
materials and visualising magma using
easily available ingredients found in
the home.
(from top to bottom) Vertical gardens,
wall of mushroom, “tyre & stool”

(from top to bottom) propeller car,
flashlight bottle, litter of light
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3. Innovative Mind
STEM education naturally supports the
development of innovative minds. Some of the
examples of getting students to demonstrate their STEM
knowledge and innovation in projects include asking
students to model future classrooms, create their dream
house, and perform town planning.
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Try it out!
Identify a school or organisation in your vicinity. Brainstorm how you can
collaborate with them on a project or activity for your students to develop or
apply their STEM knowledge and/or skills.

(from top to bottom) Bridge competition,
self-made oven, volcano eruption

SCAN/CLICK TO LEARN

Informal STEM
Learning Ecosystems
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The National STEM Association shows that STEM
education does not have to involve high-tech and
fancy equipment; it is possible to use recycled
materials to apply STEM knowledge and skills.
Partnerships with the community and other
institutions can also start off on a small scale, at
the classroom level.
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5.4

The SEAMEO STEM-ED Ecosystem

Multi-level partnerships for
regional STEM excellence
Dr Pornpun Waitayangkoon

To achieve its goals and realise its vision, the STEM-ED Centre
leverages public-private-academia partnerships to support its five
strategic programmes:

01
INSTITUTIONAL PROFILE

The Southeast Asian
Ministers of Education
Organization Regional
Centre for STEM
Education
(SEAMEO STEM-ED)
Bangkok, Thailand

The Southeast Asian Ministers of Education
Organization’s Regional Centre for STEM Education
(SEAMEO STEM-ED) was established in November
2019 to promote and develop STEM education
within Southeast Asian member nations. As
Director of the STEM-ED Centre, Dr Pornpun and
her team work closely with educators, governments
and experts in the region to increase the quality
and scale of STEM education in Southeast Asia.

Develop SEAMEO STEM
competence schools

02
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Collaborate
with 11
SEAMEO
countries
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ivate-academ

15+ staff
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Regional
intergovernmental
organisation

Strengthen learners’
inspiration, aspiration and
experience with STEM
career academies
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Develop and promote
innovative STEM
learning resources and
educational tools and
platforms
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r sh

ip s

More about
the SEAMEO
STEM-ED Centre
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04
Strengthen capacities of
teachers and educational
personnel with SEAMEO
STEM Education
Professional Academy

05
Advocate evidence-based
policy and build political
commitment using “WhatWorks” in STEM Education
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The five Strategic Programmes were translated into five initiatives to be
undertaken from 2020 to 2025, in collaboration across schools, institutions and
nations and covering the ecosystem of school, academia, industry and government:

IV. STEM Professionals Academy
PARTNERS: Pre-service and in-service teacher development

institutions, universities
AIMS:

I. STEM Competence Schools
a. Develop STEM Excellence Schools

• Develop courses that will prepare principals to be
instructional leaders and build a culture of improvement
in their schools

PARTNERS: meriSTEM@NIE in Singapore and the Thai Ministry of

Education
AIMS:

• Develop the competencies of school leaders and STEM
teachers on researching, planning and teaching STEM,
and acting as champions of STEM education to lead and
coach their school’s STEM teams
• Develop 10 centres of excellence in STEM education to
facilitate knowledge creation, sharing and professional
development

b. Establish a SEAMEO STEM Competence Framework
PARTNERS: Currently forming a regional committee
AIM:

• Develop a relevant guideline for all schools in Southeast
Asia to develop key STEM competencies in the classroom

• Develop courses to prepare teachers to deliver highimpact instructional practices in their classrooms

V. What-Works – Fostering STEM policy conversations
and political commitment
PARTNERS: Researchers, policymakers
AIMS:

• Support and develop a STEM research network at the
national (Thai) and regional levels
• Disseminate STEM education research findings, best
practices and resources to key stakeholders and
policymakers

II. STEM Career Academies
PARTNERS: University experts, industry
AIM:

• Connect the school and the realworld via career pathways

Flip to Chapter 6.1
to learn more!

III. STEM Learning Resource Development
PARTNERS: Universities and international experts
AIM:

• Design online learning resources for educators in the
region, to work towards the UN-established Sustainable
Development Goals for a sustainable Southeast Asia
Screenshot of a presentation delivered in the What-Works series
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Jot down your thoughts!

The What-Works series includes the following:
Policy
advocacy
roundtables

Public-private
partnership
networks

Communications and dissemination
of key research and advancements in
STEM education

SCAN/CLICK TO LEARN

More about the
Southeast Asian
Journal of STEM
Education, and how
you may submit a
paper here!

The centre also publishes the Southeast Asian
Journal of STEM Education, an online peer-reviewed
journal featuring quality research reports and best
practices in STEM education from around the world.

Food for
Thought

What is your nation’s stance
on STEM education? 		
Are there existing governmental
partnerships with STEM
organisations?

Now that you’ve read the chapter, here’s our perspective!
We hope you managed to identify some existing partnerships amongst
governmental, industry and education institutions in your area! Be on the
lookout for new and existing opportunities to build or strengthen your
local STEM network and seek ways for your school to get capacitated on
teaching STEM.

What did you come up with? Were they similar?

99

100

6
STEM FOR SUSTAINABLE
DEVELOPMENT
Sustainable development goes beyond just
caring for the environment, or prioritising human
development. The United Nations’ 17 Sustainable
Development Goals (SDGs) chart how human
development and environmental stewardship
are intricately interconnected. In this chapter,
understand how we can use STEM education
to impart important, context-specific values of
global citizenship and environmental stewardship,
and encourage our learners to apply STEM
theoretical knowledge and soft skills to develop
solutions to pressing contemporary issues.

Food for
Thought

Learning Points
• Learn how STEM can be applied
to understanding and solving
context-specific challenges in
sustainable development
• Learn from perspectives on
balancing STEM advancement
with the humanities and equity
• Understand how developing
STEM education is necessary for
advancements in industry and
national development goals

What role can STEM education play in working
towards sustainable development?

Flip to the end of the chapter for our perspective!
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INSTITUTIONAL PROFILE

The Southeast Asian
Ministers of Education
Organization Regional
Centre for STEM
Education
(SEAMEO STEM-ED)
Bangkok, Thailand
Regional
intergovernmental
organisation
15+ staff
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6.1

A deeper look at SMART Agriculture

STEM education for national
development in Thailand
Dr Pornpun Waitayangkoon

SMART Agriculture is currently piloted at six schools in northern Thailand. The
SMART Intensive Farming curriculum comprises five learning units designed by
the school principals and teachers of participating schools, together with experts
from the Agriculture Vocational College in Thailand to include the teaching of
sustainable farming practices within the school curriculum. The learning units are:

The SEAMEO STEM-Ed Centre acknowledges the
capability and responsibility of STEM education
to build a sustainable Southeast Asia. Two of
their projects, the STEM Career Academies,
and initiatives to develop online STEM learning
modules, focus strongly on building up STEM
teaching capacity for sustainable development in
the region.

Foundation of
Agriculture

Technology for
SMART Farm

The Engineering
Design Process

STEM Career Academies
The STEM Career Academies initiative aims to
strengthen learners’ inspirations, aspirations and
experiences in the STEM industry by connecting
STEM subjects to their applications in the world
of work via specific career pathways. To do so, it
establishes career academies as small learning
communities within secondary schools.

Teaching model of the Academies:

Spanning 4 STEM sectors:

Curricular instruction

Healthcare and wellness

Career awareness and internship
opportunities

SMART agriculture

Professional development for
teachers, leaders, and parents

Computing science

Student assessment, certification,
and employment opportunities

STEM teaching professions

Processing of
Agricultural
Products

Business
Management and
Operations

• Teachers were trained to implement these
modules in their schools
• Students were given internship opportunities in
a coffee farming business to develop vocational
skills and attain industry-recognised qualifications
• Industry partners are consulted on the knowledge
and skills that students should possess, to
develop workforce-ready students
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6.2

STEM education for global
citizenship in Malaysia
Mr David Chak
INSTITUTIONAL PROFILE

Arus Academy
Bukit Mertajam in
Penang, and Kuala
Lumpur, Malaysia
Non-profit social
enterprise
20,000 students
impacted
6 teaching staff

As with many other nations, STEM education in
Malaysia is part of a national development effort to
prepare citizens for life in the 21st century. Part of
Arus Academy’s efforts to support this education
agenda involved creating the Global Citizenship
Education (GCED) Learning Portal, in collaboration
with UNICEF.
The GCED Learning Portal is a free online platform
where students can learn about global citizenship and
environmental stewardship as it relates to the UN’s
Sustainable Development Goals. The site provides

project-based lessons and sample
lesson plans aligned to Malaysia’s
national syllabus for both
students and teachers to explore.
To date, GCED has 15 self-guided
learning modules. Each topic
focuses on an important theme,
and empowers learners to play
active roles to solve some of the
world’s most pressing problems.

Did you know?
Creating your own website doesn’t
have to be hard. The GCED Learning
Portal is created and maintained on
Google Sites alone!

SCAN/CLICK
TO LEARN

The Ultimate
Google Sites
Tutorial

Three learning modules on the GCED Learning Portal
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Teachers can choose to use these projects in their classroom
teaching or assign the projects as online interactive workbooks for
students to work on independently outside of class time.

SCAN/CLICK TO LEARN

More about the GCED
Learning Portal and how
you can use these modules!

Ideas for teaching
SDGs using STEM
lessons

Why we need
creativity in STEM
to achieve the SDGs

These modules allow students to understand, for example, how
mathematical concepts are used in understanding global food
security challenges, or how theoretical knowledge of air particles
can be applied to the contexts of climate change and pollution.
The integration of STEM concepts into global citizenship education
makes these subjects relevant to contemporary challenges and
encourages students to apply their knowledge to discerning creative
solutions for a sustainable future. It is important for STEM students
to not just have subject-specific competencies, but develop into
socially informed and environmentally-conscious global citizens.

Try it out!
Think about an issue affecting your community. How can you incorporate it in
your lesson and encourage your students to develop a solution using STEM
thinking and knowledge?

A guided learning module on the
GCED Learning Portal
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6.3

Discussion Points:
Holistic STEM education for an inclusive society
Qn: How can STEM education be used to create a better
and more inclusive world?
DR PORNPUN
WAITAYANGKOON
Director, SEAMEO Regional
Centre for STEM Education

MR DAVID CHAK
Co-Founder,
Arus Academy, Malaysia

While we are focused on developing STEM capacity,
we also shouldn’t neglect the social sciences
and humanities aspects of education. STEM
advancements have brought us medicine and
vaccines, just as much as they have exacerbated war.
Teaching STEM has to be balanced with teaching the
human aspects of utilising technology for societal
advancement.
Learning is not just for the brain, but also for the
heart and soul. In my university math and logic
courses, I have experienced that at the very edge
of science one can find spirituality. We get to
experience the beauty of nature and the natural
harmony of all things. We should also look to
incorporate such humanistic lessons in STEM
education, to ensure STEM advancements serve
humanity instead of work against it.

Food for
Thought

In many schools, STEM education is only reserved
for high-achieving students. We also tend to limit
STEM education to vocational education, but why
not incorporate it into general education? If we
start early, we can provide a foundation for all
students to understand the real-world relevance of
mastering STEM competencies, such as financial
literacy. We have to redefine STEM education at the
school level — it should be for all students, not just
for high-achieving ones. This way, we can develop a
quality workforce to advance economies, and uplift
people of all backgrounds and abilities.

What role can STEM education
play in working towards
sustainable development?

Now that you’ve read the chapter, here’s our perspective!
STEM education plays an important role in helping students apply their
theoretical knowledge to understanding the world around them, and
develop essential skills such as critical thinking, problem-solving and
teamwork.
However, to create holistic, user-centric solutions, we should also balance
STEM teachings with social sciences and humanities education.

What did you come up with? Were they similar?
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Jot down your thoughts!
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Making HEADway

CLOSING MESSAGE
Teaching STEM in Southeast Asia is the fifth instalment in Making HEADway,
our practitioner-focused webinar and handbook series. In this series, we invited
educators from across the region to share best practices and innovations in STEM
teaching and learning, particularly during the pandemic. This fifth series recognised
the importance of STEM education for developing competitive economies and
human capital in the digital age. How can teachers bring STEM education into
the classroom, when many of them are unfamiliar with its core principles and
pedagogies? We looked at concerns educators had and addressed them — bringing
together experienced researchers, school administrators and educators in STEM to
share how they brought STEM education into the classroom.

was conceived,
designed and launched by The HEAD Foundation in
2020 in response to the COVID-19 crisis. In each webinar
series and handbook, exemplary and innovative educators
in the region share their experience, strategies and
actionable tips on how to implement remote schooling,
and on future-proofing our schools and education
systems to build back better.

SCAN/CLICK TO WATCH
THE RECORDINGS

In this handbook, we have compiled the innovative practices shared by our
panellists during the accompanying webinar series. Our panellists brought their
expertise in effectively utilising STEM pedagogies, introduced innovative ways of
integrating STEM education into the classroom, and discussed the importance of
forming robust connections with government and industry to support a sustainable
STEM ecosystem. We hope that this handbook is an invaluable tool for deepening
your understanding of STEM education, inspiring you to implement these practical
and actionable ideas in your classroom.

Also in thie series
NO. 4

Vignesh Louis Naidu
Director, Operations
The HEAD Foundation
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The HEAD Foundation
webinar series
Teaching STEM
in Southeast Asia

ENHANCING REMOTE LEARNING

Building upon the tools and techniques covered in previous series, this
issue dives deeper into the challenges of remote learning, and how
educators can capitalise on the opportunities for change to deliver
effective learning to students regardless of modality. We explore online
and offline learning tools and efficient assessment methods that can be
translated into classrooms even as in-person learning resumes.

This series also recognises the impact and importance of learning from one
another. We have created the social learning Facebook group Teaching, Leading,
Learning for you to share how the strategies outlined in this book have worked for
you. Feel free to share if you have implemented any of the activities covered and
join the conversation today!
This webinar and handbook series has touched broadly on crucial topics in
education. However, we understand putting these ideas into practice may require
deeper knowledge of the theories and tools involved. We have several exciting
programmes lined up that dive deep into the tools and strategies covered in this
series, so stay tuned for updates!

SCAN/CLICK TO GET
THE E-HANDBOOK

NO. 3

BRIDGING THE GAPS IN
REMOTE LEARNING

NO. 2

FOSTERING A POSITIVE
SCHOOL CULTURE

Much has been said about the
educational inequalities exacerbated
by the COVID-19 pandemic — but
what can be done to alleviate the
situation? We explore the spectrum of
educational technologies from virtual
classrooms to radio lessons, show how
communities play a part in education,
and how we can create inclusive and
engaging lessons in a remote setting.

Beyond responding to the immediate
cognitive and social-emotional
needs of learners, educators in this
series show how they created school
environments and communities where
teachers and students can thrive in
the new normal.
FIND OUT MORE

https://headfoundation.org/making-headway
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Impacting lives in Asia
through quality education
and effective healthcare
The HEAD Foundation is a charitable organisation set up in 2013
in Singapore to contribute to sustainable development in Asia.
headfoundation.org
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