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STEM education:

From the perspective of a Singapore STEM educator

Dr. TEO Tang Wee (iRFHEEL)

Associate Professor, National Institute of Education,
Nanyang Technological University, Singapore

My relationship with STEM (science, technology, engineering and mathematics) dates back to 2006 when |
joined the first STEM school in Singapore as a chemistry teacher. At that time, the word “STEM” was never
heard of in Singapore. However, the school was modelled after a STEM high school in the United States to
offer specialized and advanced mathematics and science curriculum for students identified to be gifted or
highly talented in these disciplines. The vignette below was a recount of a Grade 8 integrated science lesson
which | taught in the Singapore STEM school. The theme of the course, which lasted for one semester, was
“Materials” so | brought in a diaper to set the context for teaching about polymers and chemical bonding.
This was my early attempt at teaching a STEM curriculum.

After a stint of 18 months of teaching at the STEM school, | pursued my doctorate studies in the United
States. | chanced upon an opportunity to conduct a case study of a STEM school chemistry teacher who
attempted to do inquiry-based curriculum reform. | shadowed the chemistry teacher for 18 months in
this school and even stayed at the student dormitory to learn about STEM school students’ learning in the
residential STEM school. After | returned to Singapore to begin my academic career at the National Institute
of Education, | was involved as a co-Principal Investigator on a research project that supported teachers at
the second STEM school to adopt Investigative Case-based Learning approaches in designing and enacting
science lessons. Having an interest in feminist science work, | offered an undergraduate elective course on

9
AR

Predict how many beakers

of water would this baby
diaper be able to hold?

One!

Teacher: Let’s test this out. [The teacher
filled several beakers of water
and poured them on the baby
diaper. Gradually, the diaper
swelled up and overflowed
after about 20 beakers of
water.]

Student 1:
Student 2:
Student 3: 5!
Students(in chorus): 100!

Students: Wow! Amazing.

Teacher: What is “holding” the water?
Can you reverse the process
and reuse the diaper?

RN saxenmsoER == =2 0\F +—F8



Gender Issues in Science, Engineering, and Technology for two semesters. In 2014, my co-edited Special
Issue on Critical Issues in STEM Schools was published in the journal Theory Into Practice. This special
issue featured articles that offer critical analyses of STEM schools around the world, including Singapore,
the United States, Australia, South Korea, and the Philippines. Specially, it discussed the tensions and
challenges in being a STEM school teacher and STEM curriculum making, and issues of racial and gender
discrimination for STEM school teachers who are minority, and equity issues. More recently, my Masters
student had completed a study about the tensions and challenges international students confront as non-
native English speakers learning science in an English-speaking context. | have also designed and validated
a survey that measured changes in students’ views while participating in a STEM camp designed by a large
international non-profit organisation that is mandated to promote more women in science in Singapore.
The constructs measured include students’ views about participating in the STEM camp, attitudes toward
STEM, self-concept in learning STEM, construction of STEM-identity, and their STEM career decisions.

Having taught and researched about STEM schools in the U.S. and
Singapore, | have made a few common observations about STEM school
curriculum, teachers and students that are catered to the gifted and/or
talented students.

1 There is some form of STEM integration somewhere in the
curriculum

Contrary to what most people would expect of a STEM school, the curriculum is not fully
integrated. There are courses which are more integrated in nature. For example, in the U.S.
STEM school where | did my doctorate research study, there is an integrated science course
called Methods of Scientific Inquiry. This course is a first-year course that is compulsory
for all students (aged 16) . However, when the students choose their majors in the second
and third year, the science courses are taught separately as physics, chemistry and biology.

At the STEM school where | used to teach, there was an integrated science course for Grade
7-8 (aged 13-14) students. However, it did not explicitly integrate technology, engineering,
or mathematics with the sciences.

2  STEM students have the opportunity to perform authentic
independent research projects

While the regular classroom curriculum is not necessary STEM integrated, students get a
lot of opportunities to participate in independent research projects under the mentorship
of their teachers who are highly qualified with a graduate degree (Masters or PhD) or
experts in external agencies such as national or university research laboratories. In the
U.S. and Singapore STEM school where | did my research or taught, students could work
with real scientists in the laboratories to learn how it is to perform experiments, publish
and present their work. These are invaluable experiences afforded to STEM school students
which may not be as accessible to other students.



STEM school teachers have strong subject matter knowledge

Surprisingly, the U.S. STEM school had about 50-percent of teachers with a doctorate
degree and 100-percent of them with a Masters degree. It is perhaps advantageous to
have a strong subject matter knowledge in integrating the subject with other disciplines
as integration requires teachers to have a deep understanding of the content and concepts
in order to see the patterns, trends, and connections.

At this point, | am sure some teachers may wonder if they can actually do a good job in
STEM teaching without a PhD or Masters degree in STEM? My response is certainly! A
STEM degree or graduate degree programme is new and only a handful of universities in
the world offers it. This means that few teachers in the world is truly trained to design,
plan and teach a STEM curriculum. But this does not stop some really good teachers | have
seen and worked with to teach STEM. Personally, | have had the privilege of knowing and
working with a few primary school teachers in Singapore who are teaching STEM lessons.
One of them has a degree in business. Every year, he sets a personal goal to try a different
project to teach in innovative ways. He has adopted flipped teaching, augmented reality,
robotics, and role-playing games in teaching his STEM and science lessons to interest and
motivate his science students. To describe a specific example, he taught his students how
to use WeDo 2.0 to build and programme a robot to travel exactly 2 metres. In the process,
students learned about simple coding, perform simple mathematical calculations to make
sure that the robot travelled exactly two metres, made predictions and approximations.
They learned about experimental design in choosing the best combination of motor power
and duration to give the desired distance. Finally, the students evaluated their group
performance. In this simple case example, one can see the applications of STEM from an
integrated lens. In the process of designing and enacting such a lesson, this teacher has
mutually benefitted from trialling and troubleshooting. His STEM professional wisdom
developed with the students’ participation in STEM.

The journey to STEM education for an educator is not quite the same for everyone.
Some teachers teach in a STEM school for exceptionally bright and motivated learners,
of which many of them may move on to become producers of STEM knowledge and
innovations. In other cases, they could be teaching students who will become consumers
of STEM knowledge and innovations in their bid to make informed decisions that benefit
themselves, their families, and the community they lived in; that is STEM-literate citizens.
We can contribute to the STEM education of our future generations in different ways.
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Dewey, J.(1938). Experience and education. New York, NY: Macmillan.

Gott, R. & Mashiter, J.(1991). Practical work in science: a task-based approach? In: Practical Science(B.E.
Woolnough, ed.)Buckinham, Open University Press.

Polanyi, M.(1962). Personal knowledge. London, Routledge & Kegan Paul Ltd.

Tytler,R.(2016). Drawing to learn in STEM
https://research.acer.edu.au/cgi/viewcontent.cgi?article=1286&context=research_conference

Vygotsky, L.S.(1962). Thought and language.(E. Hanfmann & G. Vaker, Trans.). Cambridge M.A.: MIT Press.
(Original work published 1934)
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Top 10 skills

in 2020 in 2015

1. Complex Problam Solving 1. Complex Problem Solving
2. Critical Thinking 2. Coordinating with Others
3. Croativity a. People Management

i, People Managament 4 Critical Thinking

5. Coordinating with Others 5 MNegotiation

G Ermational Intelhgence G. Quality Control

7. Judgment and Decision Making T Sarvice Orientation

8. Service Orientation 8, Judgment and Decision Making
g, Megotiation 9, Active Listening

10, Cognmitive Flexibiity 10. Creativity
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Sourca Fulure of Jobs Report, Wond Economic Fonam

B H 2R - www.weforum.org/agenda/2016/01/the-10-skills-you-need-to-thrive-in-the-
fourth-industrial-revolution/
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Alex Gray (2016.01.19). The 10 skills you need to thrive in the Fourth Industrial Revolution. World Enconmic Forum. Retrieve
from https://www.weforum.org/agenda/2016/01/the-10-skills-you-need-to-thrive-in-the-fourth-industrial-revolution/

Finpg (2018F1H19R) - MERENREMANEEE - 53 > HEBRM °

RI6EF (20165F1H29H) - FT—HKSE : FIMRTEE 4 o K N#EED908 B - https://www.cw.com.tw/
article/article.action?id=5074023

I SHBEBRPOBER E=H —T—/N\F +—8



)\ & 5

(e EEEMLSF U RIE NS
RAZIEETE

2018-1984 » RLEEEARBERELEN " EEBREHLIE/NIRE | AR
8] BOORTAB/NBIRMR AR - R2018FIF 15 » FIUAARFEEREAZINERE
FIETTRIALEY - REMMADZEERE - BTEE  STEMABERH » 52 BRIEBR
B RERERBRE - W5 T @B2006IZ /M HfE

4 )

HBIRE

n BRALF - E - BAEHNESHNT REAF—ENEREETSE -
ETSEUSTEMA B NERR L HIBHRG -

m FETFFBEE2EAMEHEEEE «  ET2E  STEMABHES
BT R ERARIRR

m BAEREERRN  REANFRERMZREMEEEBFELBRERE » LUE
FrAELEBRNEE -

D HEERABTNERSTE  AMEERIR BNAREI S RARE
IERHBER  RATERIER -

A BERSMEFRETFEETERE A FEBREMDZFRASTEMREN R

N\

CELT Newsletter Third Issue November 2018 IR



HBERRA  HIEBFRENLEASESREREERE - FETEZ T &
PEFE2019F2HFR AR ORESELIHLECREAZIAN "BREN "BEE
B REHBRN; R2019F4AFARN " BEUNERETR — DIBRARA, - £it
RERES T AZEZMENE - ANREBEER @ B NER - FRERN KRBT ERDEBHRKR
498 https://www.eduhk.nk/acadprog/pdo/ch_programme.htm iz FEMIQR code °

BRAN TETEE, RURBER BREERETR — LIBRARL

T2 EE : Bi2EIE :

n  EAEEEATEINERRE s AREREEN BB REAN
B RECEHEISTERER HyER S R EL AR o LUK SR AR
HYERAR ; fEmEH (MBESLENEE

o BRDABES) HYMRLER

n BEXMEREISETE Nt oy

BRRERZRIRE

N e s = BEERERRRAERNETS

= BEMEEANEEEE AR BALE - BEENNBRETRE
e B WRERERORIM SR

* USRS - BFRAHED

HYBRRY °

B T A — J,Xréﬁ \fT;m I v =
A BETERER L AR

A [ BEERTBERE. mugeaiEs, BER A T B e

39 BEREE ETLINHEd it Bt



BP9 R BRI EHEEE
INREL 2B 5T

BRFIFFITHRERRABESTER (HBR) ZAEBHBEREARK
(247) K@z B8RO Jﬁﬁ@ﬁkﬁ?ﬁ_?ﬂ* FRERBL K
BMETSHKNMAERER » K201 4FRETRII=FHIMEERN "

BRPIL 52 R NP R BRI ERHTFE L ER2018F2BIBFIZERL © M
MENBERETEN2018F3[21HRTHNRSHEEZE SRR
2@ AREERETNMELEZSETON  FABEHERENE®R
= BHRORFIEM R HEETRE -

RRWTFTAHT Y RPILN 52 R/ NBH B BE B RN I BRIBUR ~ R
& B PRBEFH=EHBNERER - LHARRAVBRRIIR L EZ

Eﬁ BRITBE Y ASRAEHESRFVNIIRZBHERNE N - HhE
}E RPIBREBARBRERBERILAMTE - AOERERNIH
-%E’JEEA%IJ\FQ&%EEP WE DR AZ AR 4B - TAthE
FHHAEIORZ AT B HEBANEE T REAMBENE SRR » NI
SEPHREEANRFTENSEE - REZSERUBLERPONAE
B SHERERINEZTT - MRERFTR BAVER A/ NMIHERRK
REAREABBRETES  FERMNE/NIHENE - HEBER
HF] EREARAR RS B INAERE RINaRBREEER AT » #
SRIMSESBERER LIFHERMES °

A ZTEHKR (A7) FREBRE ()
IMABHTFTRRR

CELT Newsletter Third Issue November 2018 m



U\ & 5

PRERZIRET

BAURABXREEMHRICEIMEXBRNER—EBRTTE » PORIRASIRIRF B RIS LK
HEBRR  BEEXNE  WEEERARERIIARRIAMNGBETE BREEHEKENES B2
BAZ o

FOEBRRERIR M OIERANIE TS

- Ve

HFBERAEE =B B BB L RIS B

AE TREEBWS | R rREBBENE , BN

e, D= NSRS A= HFEE B E S pE

T HA— S : T BERAEETNSEDREE

B CEEAFETS (aNHEFEER ~ FEER) &R
o Wt - BB LR R B ER R

m RESBHBGS BT REEBNE LA

m ) MEEKT - BRATEYLIES

TABNRBLTNRE - ABE
BRI E A1 R AR

4/’—\\\ AL -

\\
i U/ '
AR BT R L IR BRTEET S AEEER TEth
m EBERERWIENTGT - AN EE FEBHE
E%Eﬁ?\lﬁ%ﬂﬁ’ﬂi&%%&ﬁ ’ jﬁ;i\ﬁ - /J\EI%&Z%E’JE@EEE%
HETRE R BIBAFERHE .
ST . BRI —ERRTA " BERE
WEERBEREBNWEHZRUL - m S5FEE
B EEFEHFRRE ~ EHELFER B EEREESERIS
= ?Eﬂ%ﬂ%%%ﬁ% ’ @'ﬂ_’.%l m EHQEE%EEI\J%HESI%*%/lE
BB TTIE o
. . y,

]

WA Y R E S IERBABRKEFE » FR8ROEE (www.eduhk.nk/celt) » SREEFROTERE
Em AR AE (SB5E 1 2948 6398) o

B sunenEhoEn £5=#8 —2—A\F +—8




: ; ,

o i =
s = e e o

ﬁ{%?ﬁﬁjﬁ% @ﬁ%&%?&@%u%%

HRED BEEEL

Bk BB TR, P (HR) =2FEL HRKEL

ppp— =D 6t %ﬁ%ﬁi
RERELT ERREE

ERERERS A Prof. Peter. Blatchford  Prof. John Elliott
Prof. Maurice Galton Prof. Ference Marton
Al St FREEL

REEE REIEE L BB

TA H AR i EEE SE b BRI

BhEIE B #53E BRAER/INE RRZR+

HEEE RRE/NE

THER MEZEEL L

TR EBNE SRE /R RE&=5E4E

BTEMEE RYHBL

=R 7T BN \mHRALE

CELT Newsletter Third Issue November 2018 m



BEHAEAZ (RBHABEREDP/NEN

KEBENHEBHEBERBEWHEBZRPOHEM
IREZET R~ N BB TIR AR -
FBFIRAT Awww.eduhk.hk/celt}8|E -

D
I
L

Bt (RBiRE)

BN - FRARHERRE

it . FAHRAHERIZ105
EBHEKED4A-P-04Z
SHHBBIREAD

TEE . 2948 6398

{EE . 2948 8555

8 : www.eduhk.hk/celt

(GENTRE FOR EXCELLEMCE IN LEARNING AND TEACHING

HEMBRRPO



