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Education systems - which are largely 
short-termist in their administration - 
often fall into the trap of cherry picking 
certain aspects of models, which they 
then attempt to implement in a 
superficial manner.

Mark McCourt, Teaching for Mastery



Although global interest in STEM from 
educational and workforce perspectives has 
proliferated in recent years, the acronym was 
coined in the USA during the 1990s by the 
National Science Foundation (USA). 

The combining of the disciplines was seen as “a 
strategic decision made by scientists, 
technologists, engineers, and mathematicians to 
combine forces and create a stronger political 
voice” (STEM Task Force Report, 2014, p. 9).

English (2016) p.2

https://doi.org/10.1186/s40594-016-0036-1


In acknowledging the lack of an agreed-upon 
definition, the California Department of Education 
(2014) provides a broad perspective on STEM 
education, namely, “[STEM]… is used to identify 
individual subjects, a stand-alone course, a 
sequence of courses, activities involving any of the 
four areas, a STEM-related course, or an 
interconnected or integrated program of study”

English (2016) p.2

https://doi.org/10.1186/s40594-016-0036-1


Despite increasing attention being paid to 
educational reforms in STEM, what actually 
constitutes STEM remains an issue for scholars, 
curriculum developers and educators. Even today, 
more than 40 years after the acronym was 
conceived, scholars cannot agree either upon a 
meaningful definition of STEM or activities that 
enable the capabilities promised through STEM 
education to be achieved (Breiner, Sheats Harkness, Johnson, & 
Koehler, 2011; Bybee, 2010; English, 2016; Honey, Pearson, & Schweingruber, 

2014; Siekmann & Korbel, 2016).

Fraser et al (2019) p.11

https://www.evernote.com/l/AAO_VTwjCMNHzLT3T4rY5lxWoFFRi4rUqzo


The challenge for educators is to 
translate an ill-defined, 
politically charged and narrowly 
utilitarian policy agenda of 
securing a future workforce, into 
a valid and coherent curriculum.

Hobbs et al (2018) p.134

https://www.evernote.com/l/AANXSg5ovHFOa7g5nLH2h0d6rZKGzpPh7eM


STEM

STEM Education

Integrated STEM Education



Sanders (2009) described integrated STEM 
education as “approaches that explore teaching and 
learning between/among any two or more of  the 
STEM subject areas, and/or between a STEM 
subject and one or more other school subjects” 

Sanders suggests that outcomes for learning at least 
one of  the other STEM subjects should be 
purposely designed in a course - such as a math or 
science learning outcome in a technology or 
engineering class.

Kelley & Knowles (2016) p.2-3 Sanders (2009)

https://doi.org/10.1186/s40594-016-0046-z
https://www.evernote.com/l/AAN7-g2BRo5LA7PwOwPK9GXwCRMZZK10J60


Drawing on the work of scholars who are credited 
with inspiring the movement to more meaningfully 
integrate the STEM disciplines at the K-12 level 
(Childress & Sanders, 2007; Sanders, 2009; Sanders 
& Wells, 2010), we define integrated STEM as the 
teaching and learning of the content and practices of 
disciplinary knowledge which include science and/or 
mathematics through the integration of the practices 
of engineering and engineering design of relevant 
technologies. We take the viewpoint that, while any 
discipline can have learning goals in integrated 
STEM environments, mathematics, science, and 
engineering will be the primary goals. 

Bryan et al (2015) p.23-24

https://www.evernote.com/l/AAODXeqnnyBJwJe-1mkTSSs3gLljgUTyJAI


Moore et al. (2014) defined integrated STEM 
education as “an effort to combine some or all of  
the four disciplines of  science, technology, 
engineering, and mathematics into one class, unit, 
or lesson that is based on connections between the 
subjects and real-world problems”. 

Integrated STEM curriculum models can contain 
STEM content learning objectives primarily focused 
on one subject, but contexts can come from other 
STEM subjects.

Kelley & Knowles (2016) p.3

https://doi.org/10.1186/s40594-016-0046-z


Kelley & Knowles (2016)

… define integrated STEM education as the 
approach to the STEM content of  two or more 
STEM domains, bound by STEM practices within 
an authentic context for the purpose of  connecting 
these subjects to enhance student learning.

Kelley & Knowles (2016) p.3

https://doi.org/10.1186/s40594-016-0046-z


the STEM Task Force Report (2014) adopts the 
view that STEM education is far more than a 
“convenient integration” of  its four disciplines, 
rather it encompasses “real-world, problem-based 
learning” that links the disciplines “through cohesive 
and active teaching and learning approaches” (p. 9). 

The Report argues that the disciplines “cannot and 
should not be taught in isolation, just as they do not 
exist in isolation in the real world or the 
workforce” (p.9).

English (2016) p.2

https://doi.org/10.1186/s40594-016-0036-1


STEM education is an approach to learning that 
removes the traditional barriers separating the four 
disciplines and integrates them into real-world, 
rigorous, relevant learning experiences for students. 

All STEM learning has one thing in common - it 
gives students opportunities to apply the skills and 
knowledge they have learned. Application is at the 
heart of  STEM education. When students ask, 
“Why do I have to learn this?” a STEM experience 
provides them with an answer.

Vasquez (2015) p.11 & 12

https://www.evernote.com/l/AAP2JRP0p31K7L-ToFNt0OjV4dWP4UbqNdc


Fraser et al (2019) p.11

… Shaughnessy (2013) preferred that initiatives be 
framed from the outset, summarising that “STEM 
education refers to solving problems that draw on 
concepts and procedures from mathematics and 
science while incorporating the teamwork and design 
methodology of  engineering and using appropriate 
technology”

https://www.evernote.com/l/AAO_VTwjCMNHzLT3T4rY5lxWoFFRi4rUqzo


Seeking to perhaps influence and support STEM 
education in schools, the Australian Education 
Council approved the following definition – STEM 
education is:

a term used to refer collectively to the teaching of  the 
disciplines within its umbrella – science, technology, 
engineering and mathematics – and also to a cross-
disciplinary approach to teaching that increases 
student interest in STEM-related fields and improves 
students’ problem solving and critical analysis skills.

Fraser et al (2019) p.11-12

https://www.evernote.com/l/AAO_VTwjCMNHzLT3T4rY5lxWoFFRi4rUqzo


… STEM education may be used as a label for 
approaches that emphasise the development of  
certain skills, such as problem solving or critical 
thinking. Bybee (2010) describes STEM literacy as 
“the conceptual understandings and procedural 
skills and abilities for individuals to address STEM-
related personal, social, and global issues,” placing 
emphasis on both conceptual knowledge and 
procedural skills, like inquiry.

van Driel et al (2019) p.33

https://www.evernote.com/l/AAMt22fqLxBALLvXm3aNsTxW1mQmOz9UYzc


STEM 
Integration



Conceptual framework 
for STEM learning

Kelley & Knowles (2016) p.4

https://doi.org/10.1186/s40594-016-0046-z


… most content in STEM can be grounded within 
the situated cognition theory (Brown et al. 1989; 
Lave and Wenger 1991; Putnam and Borko 2000). 

Foundational to this theory is the concept that 
understanding how knowledge and skills can be 
applied is as important as learning the knowledge 
and skills itself. Situated cognition theory recognizes 
that the contexts, both physical and social elements 
of  a learning activity, are critical to the learning 
process.

Situated STEM Learning

Kelley & Knowles (2016) p.4

https://doi.org/10.1186/s40594-016-0046-z


the concept of  learning as an activity not only 
leverages the context of  the learning but also the 
social aspect of  learning. Lave and Wenger (1991) 
describe this as legitimate peripheral participation 
when the learning takes place in a community of  
practitioners assisting the learner to move from a 
novice understanding of  knowledge, skills, and 
practices toward mastery as they participate “in a 
social practice of  a community”

The rope: a community of practice

Kelley & Knowles (2016) p.7

https://doi.org/10.1186/s40594-016-0046-z




from Google Scholar

https://scholar.google.com.hk/scholar?hl=en&as_sdt=2005&sciodt=0,5&cites=11874163294514826821&scipsc=1&q=stem&btnG=




from Google Scholar

https://scholar.google.com.hk/scholar?hl=en&as_sdt=2005&sciodt=0,5&cites=16053918621667331242&scipsc=1&q=stem&btnG=


Lave & Wenger (1991) 
Situated Learning: Legitimate Peripheral Participation



Cognition in Practice
Mind, Mathematics and Culture in Everyday Life

Jean Lave moves the analysis of 
one particular form of cognitive 
activity, - arithmetic problem-
solving - out of the laboratory into 
the domain of everyday life. In so 
doing, she shows how mathematics 
in the 'real world', like all thinking, 
is shaped by the dynamic encounter 
between the culturally endowed 
mind and its total context, a subtle 
interaction that shapes both the 
human subject and the world 
within which it acts. The study is 
focused on mundane daily, 
activities, such as grocery shopping 
for 'best buys' in the supermarket, 
dieting, and so on. 

https://images-na.ssl-images-amazon.com/images/I/51Vh%2Be9a7UL._SX331_BO1,204,203,200_.jpg


Brown, Collins & Duguid (1989)

https://www.evernote.com/l/AAOsUDQl3r9Mu4HdyyCVAxZM2qMM-2zVWt0


Brown, Collins & Duguid (1989)

The figure shows how, in the 
terms of  cognitive apprenticeship, 
we can represent the progress of  
the students from embedded 
activity to general principles of  
the culture.

https://www.evernote.com/l/AAOsUDQl3r9Mu4HdyyCVAxZM2qMM-2zVWt0




Mindful is a term redolent with overtones of 
Zen and meditation but Langer uses it to 
mean learning with awareness and of being 
‘mindful’ of the nature of the knowledge in 
the sense of not simply taking content as 
unquestioned givens. 

A key element of being mindful, Langer 
argues, is an awareness of the conditionality 
of much knowledge. Treating knowledge as 
‘conditional’ – that it holds under certain 
conditions – makes for more powerful 
learning experiences.

M. Askew (2016)



Our schools …… unintentionally 
teach us to be mindless.

They teach us to evaluate each other and 
ourselves, and they teach us to seek or 
accept information as if it were absolute 
and independent of human creation.

E. Langer (2016)



In most educational settings, the “facts” 
of the world are presented as 
unconditional truths, when they might 
better be seen as probability statements 
that are true in some contexts but not in 
others.

E. Langer (2014)



When we are mindful, we implicitly or 
explicitly 

(1) view a situation from several perspectives, 
(2) see information presented in the situation 
as novel, 
(3) attend to the context in which we are 
perceiving the information, and eventually 
(4) create new categories through which this 
information may be understood.

E. Langer (2016)



One intriguing, if still tentative, connection 
between creativity and a degree of uncertainty 
in early experience can be found in a well-
known 1961 study of the differences between 
creativity and intelligence. 

Jacob Getzels and Philip Jackson gave a group 
of schoolchildren a conventional IQ test and 
another test designed to measure “creativity.”

E. Langer (2014)



E. Langer (2014)

This latter test measured five kinds of ability: 

(1) word association—students were asked to give as many 
definitions as possible to common stimulus words (such as bolt, 
bark); 
(2) finding different possible uses for things—how many ways to use 
a brick, for example: as a foot warmer, a weapon, a paperweight, for 
building, as a step, for a bookcase, as a fulcrum, as a source of red 
powder; 
(3) finding hidden shapes in complex geometric forms; 
(4) fables—students were required to provide “moralistic,” 
“humorous,” and “sad” endings to each of four fables; 
(5) making up problems—students were required to make up as 
many mathematical problems as could be solved with information 
given in written paragraphs. 

Success on all these tasks was measured by the number, novelty, 
and variety of responses.



E. Langer (2014)

The dampening of creativity in students by 
unconditional teaching is compounded by 
most textbooks. 

Scientific investigations yield only probability 
statements and not absolute facts. And yet, 
these probabilistic data and information that 
are true only under certain circumstances are 
presented in textbooks as though they were 
certain and context-free.



Gray & Tall 

https://www.evernote.com/l/AAONBy8l03JHApQhQud0SvfAD8TWmBNKwV4


In a critical research project researchers studied students as they solved number problems 
(Gray & Tall, 1994). The students, aged 7 to 13, had been nominated by their teachers 
as being low, middle or high achieving. The researchers found an important difference 
between the low and high achieving students – the high achieving students used 
number sense, the low achieving students did not. The high achievers approached 
problems such as 19 + 7 by changing the problem into, for example, 20 + 6. No 
students who had been nominated as low achieving used number sense. When the low 
achieving students were given subtraction problems such as 21-16 they counted 
backwards, starting at 21 and counting down, which is extremely difficult to do. The high 
achieving students used strategies such as changing the numbers into 20 -15 which is much 
easier to do. The researchers concluded that low achievers are often low achievers not 
because they know less but because they don’t use numbers flexibly – they have 
been set on the wrong path, often from an early age, of trying to memorize methods 
instead of interacting with numbers flexibly (Boaler, 2009). This incorrect 
pathway means that they are often learning a harder mathematics and sadly, they often 
face a lifetime of mathematics problems.

Number sense is the foundation for all higher-level mathematics (Feikes & Schwingendorf, 
2008). When students fail algebra it is often because they don’t have number sense.

Number Sense

youcubed

https://www.youcubed.org/evidence/fluency-without-fear/


http://ggbtu.be/m3206601

http://ggbtu.be/m3206601


◆

◇
◇
◇

◆

◆

fold circular sectors to make paper cones (hands-on 
activity)

typical sequence of learning activities in a lesson

based on the relation with the sector before folding, 
deduce the formula for curve surface area of the cone

try textbook exercises with direct use of the new 
formula
as extension or challenges for students mastering the 
basic, try more complicated problems considering 
various properties of the cone

teacher explains a formal proof OR
students guided to do so
some may skip this part



1.
2.

3.

4.

What is the role of hands-on activity?
questions

What is the main objective? 
Understanding and using the formula?
Should application/problem solving come 
only after mastering the basics? (or 
reserved for abler students only?)
If application/problem solving is included 
at the beginning, would it be merely 
motivator?







M. Askew (2016)







Pang, Bao and Ki (2016)







Say What You See



Thornton (2002)

https://www.evernote.com/l/AAPUJVwptVxO5JTiKGSV_W4Ypg9wLbbUqR4


Thornton (2002)

https://www.evernote.com/l/AAPUJVwptVxO5JTiKGSV_W4Ypg9wLbbUqR4






youcubed

https://www.youcubed.org/algebra/


Malcolm Swan

https://www.evernote.com/l/AANV2ErvKkFLfYmFMEUsQvjBIL_KzUETWLo


The More Strategies, the Better?

https://buildingmathematicians.wordpress.com/2019/09/04/the-more-strategies-the-better/

https://buildingmathematicians.files.wordpress.com/2019/09/teacher-beliefs-practices-about-student-strategies.png
https://buildingmathematicians.wordpress.com/2019/09/04/the-more-strategies-the-better/


https://www.geogebra.org/m/B7YPYCSc

https://www.geogebra.org/m/B7YPYCSc


CDC 1999

https://www.edb.gov.hk/en/curriculum-development/kla/ma/curr/sec-math-1999.html






CDC 1999

https://www.edb.gov.hk/en/curriculum-development/kla/ma/curr/sec-math-1999.html






John Dewey’s Lectures 
in China 1919-1920 
https://archive.org/details/lecturesinchina100dewe  



The Psychological and the Logical in Teaching 
Geometry

At each point the pupil needs whatever of formulation and definition he is 
capable of really grasping, and whatever introduction into strict deductive 
reasoning he is capable of. But he also needs the habit of looking at 
definitions and propositions with reference to the real experiences which 
they express. He needs to see in them a sort of language in which the 
various symbols have meaning, not only in relation to each other, but 
also as expressing the experiences of life. 

More than any other one thing it would seem as if the high-school 
pupil, in particular, were at the point where his greatest need is 
neither merely intuitive nor strictly demonstrative 
geometry, but rather skill in moving back and forth from the 
concrete situations of experience to their abstracts in 
geometric statement.

Dewey (1903)

https://www.evernote.com/l/AAMS5KzvfT9DUbvI9HPL3zMGlA6nZzbtOaI
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