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STEM as opportunity to get TSLN right: Science education for 
economically productive creativity 

Abstract 
This article considers the future of Science, Technology, Engineering, and Mathematics 
(STEM) education in Singapore, with implications for comparable schooling systems. The 
basic premise, as the title suggests, is that while there will be superficial changes in 
schooling practices, it is unlikely that we will stop thinking in terms of school as preparation 
for economic participation. Contained within the wisdom of the Thinking Schools Learning 
Nation (TSLN) interventions since 1997, changes to science education have made political 
and cultural compromises that have led to economic results that are visible in international 
comparisons in this decade. I propose that TSLN represents a trade between some sacred 
cows of public schooling in exchange for magic beans, and I make an assessment as to how 
well these beans have grown. In terms of economically productive creativity, the metrics 
present a mixed picture. I point to three problems that may have been overlooked as causes 
of this outcome: (i) misunderstanding the role of culture in artefact creation and use; (ii) a 
rational, deficit model for education; and (iii) an underestimation of the complexity of 
educating for economic goals. To attend to these issues, I propose a holistic vision of STEM 
curriculum that recognises the social sciences of STEM as a legitimate concern for STEM 
educators, and a humanistic pedagogy that eschews deficit models for education. Such a 
vision recovers the value of the ‘useless’ knowledges of the humanities in STEM education, 
and approaches instruction with an intention towards enabling students to respond to 
unforeseeable futures. I propose that this approach to STEM may present our current best 
opportunity to achieve the promises of TSLN.  
 
Introduction 
When proposals for changes to the STEM curriculum are made, it is more often than not that 
these proposals are accompanied by pronouncements about the centrality of STEM for 
economic aims (e.g., Cannady, Greenwald, & Harris, 2014). With the changes in 
economically significant forms of science and technology comes shifts in emphasis. In 
Singapore, we have witnessed changes from electronics and manufacturing, towards the life 
sciences, and computational technologies and services. None of these are inherently 
problematic—we should certainly desire that public schooling prepares people for productive 
economic activity. Yet, without even considering the other functions of schooling, the 
intention of this paper is to reveal how economic considerations require that we think 
differently about the constellation of knowledges that make up and surround STEM, and 
which make STEM economically productive. Specifically, even while talk about ‘knowledge 
economies’ since the advent of Thinking Schools, Learning Nation (TSLN) has faded into the 
background in contrast to talk of ‘innovativeness’ today, educators and education policy 
makers will continue to miss vital elements necessary for creativity in STEM because broken 
metaphors cause us to misunderstand the structure, purpose, and function of the education 
of human beings. I argue that a misunderstanding of the role of culture in artefact use and 
production, a mechanical metaphor of education as deficit reduction, and of underestimating 
the complexity of educating ‘for the economy’ may worsen the problems we currently have. 
Instead, the interdisciplinary potential contained in the promise of STEM may bring us closer 
to ideal economic visions, and in the process also help us attain more general educationally 
worthwhile social goals. These could be the preparation of active citizens who participate in 
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democracies whose manifold decision making requires STEM knowledge, or lifelong 
learners who accurately perceive the nature of STEM and its relevance to daily lives. To 
make this argument, I address the following questions in this theoretical paper:  

1. What is STEM and how effective has been the economic project of TSLN of 
educating for economically productive (scientific and technological) creativity?  

2. What are some key policy gaps that might prevent the communication of an accurate 
version of innovativeness in STEM?  

3. What is an alternative vision for STEM, and what positive side effects may also 
accompany this new vision for STEM education?  

 
What is STEM?  
The acronym STEM originally derived from the early 1990s from the US National Science 
Foundation, initially as SMET. It has been used as a shorthand to refer to the collection of 
closely related forms of knowledge that had a significant and direct impact on economics, 
politics, and societies, not only in the US, but everywhere else in the world. As a school 
subject, there does not exist a coherent body of knowledge anywhere in the world called 
STEM, certainly not in the manner in which conventional definitions of science are most 
often associated with physics, chemistry, and biology (see, e.g., Bybee, 2010; Tytler, 
Williams, Hobbs, & Anderson, 2019). Despite much attention by education researchers in 
the past decade or so to come to terms with what STEM could be, STEM remains ill defined, 
with a recent systematic review finding that the term carries with it a certain opacity (Martín‐
Páez, Aguilera, Perales‐Palacios, & Vílchez‐González, 2019). The project of STEM, 
however, is not without merit—at its core, the attempt to define STEM as a school subject is 
rooted in the recognition that phenomena seldom presents itself within neat disciplinary 
boundaries. Scientists and mathematicians need technological apparatus and engineering 
skill to make their knowledge claims, just as technologists, and engineers cannot do their 
work without some knowledge of the sciences and mathematics. STEM was perceived as a 
reaction to the manner in which conventional school science and mathematics often 
presented “a disconnected and inconsistent variety of skills and facts” (ibid., p. 802), in 
contradiction with the holistic nature of phenomena, and the manner in which researchers 
conduct their practice. Nonetheless, questions abound as to what constitutes school STEM, 
with most instructional approaches favouring engineering as a ‘hinge discipline’ that 
articulates the connection between the other practices and ways of seeing (ibid., p 810). 
STEM approaches tend to feature (i) high contextual integration, (ii) realistic problem solving; 
and (iii) construction of proposed solutions; with frequent reference to ‘21st century’ 
competencies, or work conditions that require more than competencies with abstract 
representations. For an example of the latter, researchers are wont to remind readers that 
the world has changed, that open-ended, ill-structured, and interdisciplinary project based 
problem solving are new skills that are needed going forward (e.g., Capraro, Capraro, & 
Morgan, 2013). Nonetheless, not all is rosy with STEM: Tytler et al.(2019) cite Clarke (2014) 
who questions the ability of STEM to support significant disciplinary learning in mathematics 
or science, and Lehrer (2016), who likens STEM to an ‘epistemic stew’. Significantly, a 
recurrent critique has been of the apparent ability of STEM to engage students, most notably 
with the use of ‘fun’ activities. Such lessons, upon further investigation, often reveal less than 
positive results; leading some researchers to ask: “it looks like fun, but what are they 
learning?” (Bevan, Gutwill, Petrich, & Wilkinson, 2015) 
 

https://paperpile.com/c/fKSTiU/smDWQ+3nJMG/?prefix=see%2C%20e.g.%2C%20,
https://paperpile.com/c/fKSTiU/smDWQ+3nJMG/?prefix=see%2C%20e.g.%2C%20,
https://paperpile.com/c/fKSTiU/2ByV
https://paperpile.com/c/fKSTiU/2ByV
https://paperpile.com/c/fKSTiU/2ByV
https://paperpile.com/c/fKSTiU/89op/?prefix=e.g.%2C%20
https://paperpile.com/c/fKSTiU/89op/?prefix=e.g.%2C%20
https://paperpile.com/c/fKSTiU/3nJMG/?noauthor=1
https://paperpile.com/c/fKSTiU/FvTs/?noauthor=1
https://paperpile.com/c/fKSTiU/FCdT/?noauthor=1
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In Singapore, no such school subject as STEM exists, even though the acronym is bandied 
about by various state agencies and private education vendors as a seductive label that 
promises high status knowledge which will become important for the future, if not already 
important now. For instance, Chief Executive of the Productivity and Standards Board 
Derrick Chang (2018) makes claims of “exponential change that seems to spring right out of 
a science fiction movie”, and follows that visionary leaders have already started the process 
of building for such futures, so that these structures, physical and metaphorical, may “be 
able to generate economic growth, create jobs and improve the quality of life for 
Singaporeans.” He further exhorts readers to consider intensifying their skills and ambitions 
to “build STEM capabilities”, suggesting that “Our future depends on it.” The relatively high 
technological literacy rates among the local population ensures the circulation of general 
ideas such as the fourth industrial revolution (Schwab, 2016), artificial intelligence, coupled 
with localised notions of the Smart Nation (Smart National and Digital Government Office, 
2020), and ubiquitous reminders that the future will be bright, shiny, and technological. To 
prepare its citizens for such futures, some schools have started to offer co-curricula 
enrichment programs under the auspices of the Applied Learning Program, typically after-
school, non-assessable courses run by state agencies and private education providers. In 
this manner, school STEM can be perceived in the Singaporean context as a candidate, if 
not de facto next focus area for science education. At the National Institute of Education, the 
nation’s sole teacher preparation institute, the formation of a STEM education research and 
development centre (meriSTEM, 2020) suggests STEM as a way forward. Minimally, it can 
be said that, for Singapore and elsewhere, even if STEM may not develop as a full fledged 
school subject to supplant the traditional disciplines, it is probably safe to consider that 
STEM is likely to be interpreted and taken up by schools in the form of ‘STEM-as-pedagogy’ 
(McComas & Burgin, 2020), as a means to drive engagement for traditionally siloed science 
education by the inclusion of novel activities, artefacts, and tools. While no explicit policy 
document has been published about the role of STEM education in Singapore as part of 
some coordinated economic or education policy, there is little doubt that such links are at the 
forefront of such pronouncements as Chang’s (2018) which suggest that education needs to 
play a vital role in the preparation of STEM talent for the economy.  
 
Thinking Schools, Learning Nation (TSLN) was a series of education reforms initiated by the 
then Prime Minister Goh Chok Tong in 1997 (Goh, 1997). Concerned with the arrival of new 
economic competitors, uncertain futures, and rapid innovation, the intention was to transform 
education, “fire in our students a passion for learning, instead of studying for the sake of 
getting good grades in their examinations”. TSLN consisted of, among other things, a 
combination of curriculum reduction, and an attention to creative and innovative outcomes to 
attend to future economic challenges. From the Ministry of Education website (2019):  

Thinking schools will be learning organisations in every sense, constantly 
challenging assumptions, and seeking better ways of doing things through 
participation, creativity and innovation. Thinking Schools will be the cradle of 
thinking students as well as thinking adults and this spirit of learning should 
accompany our students even after they leave school. 
A Learning Nation envisions a national culture and social environment that 
promotes lifelong learning in our people. The capacity of Singaporeans to 
continually learn, both for professional development and for personal 
enrichment, will determine our collective tolerance for change. 

https://paperpile.com/c/fKSTiU/GS16G/?noauthor=1
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https://paperpile.com/c/fKSTiU/DR26/?noauthor=1


4 

Although talk of TSLN is comparably scarce in this decade, with the educational discourse 
having long shifted into notions such as 21st Century Competencies (English Language 
Institute of Singapore, 2017; Liew, 2013; Ministry of Education, 2014), the evolving project of 
STEM education shares many of the features of a policy intervention from two decades ago 
designed to fulfil the promises of TSLN: in its teleology rooted in ‘changed economic 
conditions’; in its emphasis on creative thinking skills; in the manner of a curriculum change; 
and in emphasising thinking skills and a reduction in rote content learning. If we can 
consider, fairly loosely, that the TSLN interventions of two decades ago as the prototype 
attempt at trading some ‘sacred cows’ of public schooling in order to gain some magic 
beans, it may be interesting to consider lessons from these past transactions. Doing so may 
inform us how some beans may have sprouted to gigantic proportions, while some others 
may have produced less spectacular results. Certainly, one of the great successes of public 
schooling in Singapore has been its consistently high performance in international 
comparisons—that much needs little elaboration (e.g., TIMSS & PIRLS International Study 
Center, 2016). What is more interesting is the nation’s performance in comparisons of 
creativity and innovation, which are stated objectives of the TSLN reform efforts. How 
economically effective have these reforms been?  
 
Can we educate for creativity?  
Considering the delay between the initiation of educational interventions and its effect on the 
economy, it should be fairly accurate to attribute current (within this decade) national 
measures of ‘real-world’ economically productive creativity and innovativeness to the onset 
of TSLN initiatives beginning near the turn of the century. In headlines on newspapers, and 
on websites, announcements describe Singapore as Asia Pacific’s most innovative economy 
(Economic Development Board, 2020; Public Service Division, 2015; Yip, 2020). Indeed, in 
international comparisons, the country does very well. In 2014, The Economist Intelligence 
Unit was commissioned by the Asian Development Bank to publish a Creative Productivity 
Index (CPI) (The Economist Intelligence Unit & Asian Development Bank, 2014), comparing 
between 22 Asian economies (with the United States and Finland for comparison). The 
headline should certainly be the nation’s sixth ranking in innovation outputs, measured in 
terms of economically successful patents, scientific publications, export sophistication, 
books, and films produced per 1000 people. However, what is less flattering is the nation’s 
creative inputs, measured in terms of a large number of indicators, including the number of 
top-500 universities, mean years of schooling, strength of university-industry collaboration, 
enrolment of tertiary students in science, and many others. Because Singapore was ranked 
first in investment inputs (spending on creativity), its creative productivity, measured as a 
quotient of outputs over inputs, placed the country in tenth place in the CPI index. In other 
words, Singapore’s creative productivity is not as high as its peers, it is not getting its 
money’s worth on creative outputs. Its spending on infrastructure was excellent, but for some 
reason, people are not using these institutional supports effectively.  
 
More recently, the Global Innovation Index (GII) published by Cornell University, INSEAD, 
and the World Intellectual Property Organization (2020) puts Singapore eight in a worldwide 
field of comparison, and first in the Asia Pacific for the seventh year running. Again, while 
this result is surely a grand achievement, a similar pattern of high innovation inputs reveals 
the country’s lack of efficiency in converting spending, particularly in human resource 
development, into creative outcomes. Indeed, comparing to countries with approximately 
equivalent investments, we fare more poorly than Israel or the Czech Republic in outcomes. 

https://paperpile.com/c/fKSTiU/UxHr+xyFB+gR0m
https://paperpile.com/c/fKSTiU/UxHr+xyFB+gR0m
https://paperpile.com/c/fKSTiU/ApLQ/?prefix=e.g.%2C%20
https://paperpile.com/c/fKSTiU/ApLQ/?prefix=e.g.%2C%20
https://paperpile.com/c/fKSTiU/qAcW+w6MX+hllT
https://paperpile.com/c/fKSTiU/17xVQ
https://paperpile.com/c/fKSTiU/f013/?noauthor=1
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The GII report further notes (p. 320) that the country’s education score1 is ranked 51, a 
weakness compared to the top 25, with expenditure on education (ranked 103) and 
government funding per student (ranked 40) as significant weakness in our input metrics. A 
particular figure that should be on top of our concern in this paper is the measure of Science 
and Technology (S&T) intensity, as a ‘score card’ of sorts for TSLN Science education policy 
interventions: the country was ranked 74th (out of 100 geographical clusters) in S&T 
Intensity, which measures the patent and scientific publication on a per capita basis (p. 46, 
49). In other words, while we may be proud of a school system that does well in international 
comparisons of science and mathematics, these graduates either do not go on to creative 
organisations; are in organisations which are not very creative, or do not attract and nurture 
creative talent; or are actually not very creative to begin with. Alternatively (as I will explain 
below), they may go on to work outside of Singapore, constituting a brain drain.  
 
What might account for this state of affairs? The CPI (The Economist Intelligence Unit & 
Asian Development Bank, 2014) are quick to offer a possible diagnosis:  

Singapore provides the starkest example of the importance of efficiency in 
turning creative inputs into creative outputs. […] Singapore performs relatively 
poorly in terms of mean years of schooling and the enrolment of students in 
technical and vocational programmes, where it ranked 13th in the CPI. 
However, on measures of output, Singapore produces fewer patents than 
Japan; Taipei, China; and the Republic of Korea, and it is a laggard when it 
comes to production of books and movies. The reasons behind Singapore’s 
lagging score on outputs are complex, but The EIU believes that democracy 
and free debate are critical for innovation and, in the 2013 edition of our global 
Democracy Index, we rank Singapore lower than Japan; Hong Kong, China; 
Taipei, China; the Republic of Korea; Australia; and New Zealand on this 
measure. (p. 6, emphasis added) 

To be sure, these relationships are truly complex, and it may be very hard to conclusively 
prove any causational relationship between school performance in science and 
mathematics, and economically significant creative ventures. Many of the factors that 
contribute to this state of affairs are beyond the responsibility of educators. Nonetheless, 
these findings should give educators some pause—given that TSLN initiatives were 
supposed to be directed toward enhancing creative and innovative outcomes, to what 
degree can (science, mathematics, postsecondary technical/vocational) education policy be 
said to contribute to this state of affairs? More importantly, and as a positive thesis for this 
paper, how might we make an advance on STEM education in a manner that may contribute 
to changed circumstances for the future? In other words, how might we more truly come 
closer to the original spirit of TSLN with contemporary STEM education?  
 

 
1 This score “includes a mix of indicators aimed at capturing achievements at the elementary and secondary 
education levels. Education expenditure and school life expectancy are good proxies for coverage. Government 
funding per pupil, secondary, gives a sense of the level of priority given to secondary education by the state 
(excluding funding from abroad). The quality of education is measured through the results to the OECD 
Programme for International Student Assessment (PISA), which examines 15-year-old students’ performances in 
reading, mathematics, and science, as well as the pupil-teacher ratio.” (p. 206) 
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What (science) education policy may have overlooked 
The diagnosis by the CPI authors offer a tantalising insight into what may be needed for 
creativity in science, and also suggests a reason why certain policy levers have been 
activated but not others. If “democracy and free debate” are central to creative outputs, 
schools, as prototypical organisations into which young citizens are inducted into, are 
responsible for modelling the normative qualities of such social interactions. What ought to 
be, for instance, the ideal outcome of debate on contentious issues concerning science and 
technology? Beyond the ‘right answer’ sanctioned by the appropriate authority, learning how 
to argue provides creative minds the means of thinking differently and respectfully standing 
apart from established norms. Such a quality of instruction may be incompatible to the 
dominant style of pedagogy in Singapore. This style, while largely competent and well 
informed, tends to be directed towards a “single-minded performative orientation […] that 
rarely deviated from a logic of curriculum coverage, knowledge transmission and 
assessment” (Hogan et al., 2013, p. 57). More generally however, are problems that afflict 
education policy making worldwide, and for which judicious extensions of these findings can 
help to inform us of ways forward in the local context. Broadly, I identify three problems that 
are potential gaps identified internationally, which may find application in the Singapore 
context: (i) technological determinism and/as cargo cultism; (ii) scientific hubris and deficit 
models of transmission; and (iii) the complexity of education for the economy. I discuss 
these as follows.  
 
Technological determinism and/as cargo cultism  
We have been accustomed to thinking about archaeological ages in terms of the materials 
and  technologies that define them, and we continue to do so when we term we think of the 
‘electric age’ or the ‘information age’. Wyatt (2008) argues that, in its two forms, 
technological determinism supposes that technological developments take place “outside 
society, independently of social, economic, and political forces. New or improved products or 
ways of making things arise from the activities of inventors, engineers, and designers 
following an internal, technical logic that has nothing to do with social relationships. The 
more crucial second part is that technological change causes or determines social change” 
(p. 168). When we think about STEM, and especially, in preparing a curriculum for young 
learners, we are particularly prone to thinking about the artefacts that define the 
technological epoch—be it familiarity with soldering irons or polymerase chain reaction 
machines—and the conceptual knowledge that goes on behind the operation of these 
devices. Usually perceived as less important are the social contexts that drive, limit, or direct 
artefact usage for certain goals deemed desirable. For instance, how one uses a computer is 
very different from how hackers might do it; here I use the original, and non-nefarious 
definition of hacker, to refer to the creative upstarts such as Lady Ada Lovelace, MIT model 
railroad club hackers, and Silicon Valley innovators (Ames, 2018; García Martinez, 2016; 
Levy, 2001; Nikitina, 2012; Toombs, Bardzell, & Bardzell, 2015; Wark, 2006). At the very 
least, the purpose of those who use artefacts with a mind to improving it will be focussed on 
trying to physically or metaphorically disassemble and demystify it, with a mind to making it 
do something it was not initially designed to do (Bratus, 2007). Such behavioural norms are 
not the result of deviant individuals, but are supported by particular communities of practice 
which convince its participants that certain courses of action are supposed to happen, and 
which provide the social support to make it happen. Schools can (and do) definitely 
purchase equipment, but whether or not the sociocultural patterns of creative usage can be 
transplanted is another question altogether.  

https://paperpile.com/c/fKSTiU/klHK/?locator=57
https://paperpile.com/c/fKSTiU/umptS/?noauthor=1
https://paperpile.com/c/fKSTiU/L21Cd+RztVF+e39Cn+NXEWg+uOPTk+8dJY
https://paperpile.com/c/fKSTiU/L21Cd+RztVF+e39Cn+NXEWg+uOPTk+8dJY
https://paperpile.com/c/fKSTiU/2j7W
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Taken to its logical extreme, technological determinism can take the form of cargo cultism. 
Cargo cults were semi-religious cults in the Melanesian South Pacific who adopted the 
strange practices of the visitors who brought along much desired cargo on their visits to the 
region (Worsley, 2009). The locals had observed the various rituals and the accoutrements 
of the visitors, and in an unthinking emulation, began to copy them, marching around, 
building landing strips, wooden radar installations and other facsimiles of the tools used. Of 
course, the ships and airplanes bearing cargo never arrived, and the locals would never 
understand why. We might smile charitably at this state of affairs, but we should be careful 
that we do not similarly fall for the similar patterns of thinking. Recent use of the concept of 
cargo cults in education include criticism of the lack of attention on the context of school 
reform in incorporating educational technology (Dexter, 1999). Yet more recently, Hattie and 
Hamilton (2018) used it to refer to the cognitive biases that cause education policy makers to 
persist in investing only in approaches that make sense within their well worn frames of 
reference. For economic policy, Hughes (2010) is critical of particular interpretations of US 
performance, specifically investments in high technology, while simultaneously ignoring 
other policies such as the role of universities and the provision of public (not private) sector 
venture capital. Technological determinism as cargo cultism obscures the sociopolitical and 
economic influences on technological development; facilitates a technological triumphalism 
and an unfounded optimism that as-yet undeveloped technologies will solve all social 
problems; and render people helpless to the ‘inexorable march of technological progress’. By 
absolving people from the decisions made to develop and adopt technologies because of 
the seeming lack of choice in the matter, technological determinism obscures the 
understanding that artefacts have politics (Winner, 1980). For instance, technological 
determinism excuses the decisions made by early adopters of the contemporary internet 
when they decided that personal information could be traded as useful commodities, leading 
to widespread access, but also ubiquitous surveillance and manipulation (Zuboff, 2019).  
 
To reiterate, artefacts are always accompanied with sociocultural assumptions of its ideal, 
desirable deployment and goals within its contexts of use. Such assumptions are often, if not 
almost always, never documented, and are not in any way inscribed onto the appearances 
of artefacts. Just as a future archaeologist looking at our time would wonder about how we 
used wooden pencil stubs, we similarly miss out how creative scientific and technological 
communities use ideas and artefacts (Ingold, 2013). The question that arises for education, 
therefore, is the classic conundrum: which form of knowledge is more important? Knowledge 
that can be represented, and therefore transmitted en masse, or particular ways of seeing 
(Goodwin, 1994, 2000) and being (Ingold, 2004; Weisberg & Newcombe, 2017), the only 
mode of acquisition are economically prohibitive extended forms of apprenticeship? For 
specifically creative deployment of scientific and technological artefacts, the challenge for 
education may lie in the je ne sais quoi, the ephemeral nature of the kinds of knowledge 
contained in sociocultural norms. While technical knowledge can be easily represented and 
transmitted across time and space, norms, desires, and values do not travel as readily. For 
instance, we might readily understand the technique and methods of cutting edge 18th 
century craniometry, but we (should) generally recoil from the social circumstances that 
made it desirable to innovate in those attempts (Gould, 1981). Perhaps only by being there 
may one be caught up in the times and deem racist craniometry acceptable.  
 

https://paperpile.com/c/fKSTiU/40erz
https://paperpile.com/c/fKSTiU/GITO0
https://paperpile.com/c/fKSTiU/PWtI4/?noauthor=1
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https://paperpile.com/c/fKSTiU/Ubct+VLcp
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Closer to our time, and for creativity, Amabile’s componential theory of creativity (Amabile, 
1983; Amabile & Pratt, 2016) theorises such a framework, seeing creative outcomes as the 
holistic outcome of a variety of factors and not merely the result of disembodied, 
disconnected brains. Her model proposes that creativity is the synergistic outcome of: (i) 
disciplinary knowledge; (ii) creativity general process; (iii) individual motivation; and (iv) 
sociocultural organisational factors. If we desire the money machine of Silicon Valley style 
innovativeness, should we consider inducting students into its cultural ways of seeing and 
being (Barbrook & Cameron, 1996; García Martinez, 2016), or should we take the Chinese 
variety of innovativeness (Lindtner, 2014, 2015), or the Israeli (Senor & Singer, 2009)? The 
challenge for educators becomes one of an imposition of values, not all of which are 
necessarily welcome. Educating for STEM innovation is not, and cannot be, merely a 
technical education. Technical learning is a necessary condition, but certainly it will not be 
sufficient. With most students undergoing at least a decade of enculturation into the 
Singapore sociocultural norms, it is important for educators to consider what is being taught 
beyond the explicitly representable, the assessable and the quantitative. The ineffable 
quality of instruction which nurtures creativity needs attention too. While public schooling in 
Singapore has shown great success with the representable components of (i) and (ii), the 
cultural components that defy easy communication may have eluded the system, suggesting 
that at least a modicum of cargo cultism has crept in with the TSLN initiatives. With very little 
to no published research (but see, Tan, 2019; Tan, Lee, & Ng, 2017) done on components 
(iii) and (iv) in the Singapore context, it can only be asserted without much evidence that 
while it is apparent that components (i) and (ii) are well taken care of, motivation and 
sociocultural factors remain under-optimised.  
 
Scientific hubris and deficit models of transmission 
It is only expected that policy makers will draw from expert advice (Whitty, Anders, Hayton, 
Tang, & Wisby, 2016). When it comes to science and technology, education policy makers 
will naturally gravitate towards practicing scientists and technologists and university faculty, 
who will have ready representations of the knowledge and practices that they engage in. 
However, a significant drawback of this approach is the manner in which one can be said to 
know one’s own mind—especially if one is interested in the creative generation of ideas and 
artefacts for STEM. Researchers have shown that the logic of reporting does not necessarily 
match the logic of discovery (Lawson, 2005, 2010; Magnani, 2000; Pickering, 1995; 
Pickering & Guzik, 2008). This line of inquiry suggests, for instance, that we place too much 
emphasis on the representations of phenomena, and not enough of its performance (Barad, 
2003). Perhaps we have been blinded by the spectacular success of the Newtonian 
worldview of determinism, where it had been possible to imagine, at least in principle, the 
perfect prediction of the motion of all particles in the universe given enough information of 
initial conditions. Even for physics, quantum indeterminacy, and significantly, the centrality of 
the ‘observer’ as always an inextricable part of the phenomena gives us reason to pause 
(ibid.). In other words, and quite paradoxically, scientists and other experts are perhaps the 
least well equipped to produce knowledge about what they are doing. What they say they do 
is often not what they actually do, especially when it comes to working on the boundaries of 
knowledge, as when creative efforts are being undertaken. For instance, Firestein (2012, 
2016) points to the fact that it is ignorance, not knowledge, that drives professional 
scientists, and that a significant threshold in the preparation of scientists is the transition 
from understanding science as a search for the ‘right answer’, to a search for the right 
question. How scientists and other experts make new knowledge should be the expertise of 
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https://paperpile.com/c/fKSTiU/55xf
https://paperpile.com/c/fKSTiU/55xf
https://paperpile.com/c/fKSTiU/K19du+O8an+MLUB+i9Hao+K4oE
https://paperpile.com/c/fKSTiU/K19du+O8an+MLUB+i9Hao+K4oE
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researchers of humanities and the social sciences, and not that of scientists. In this light, we 
really ought to see pronouncements such as by physicist Richard Feynman as embarrassing 
displays of hubris, as when he is reputed to have said: the philosophy of science is as useful 
to scientists as ornithology is to birds. Perhaps practicing scientists do not need to write 
journal articles on scientific philosophy, but they certainly know it implicitly. For the education 
of aspiring scientists, and for a general population that can participate in discussions on 
matters of science and technology, surely an understanding of the ontology of scientific 
practice and the epistemic limits of truth claims will be necessary?  
 
Why then, do we defer to the authority of scientists, especially on matters of science 
education? At least in the United States, and during the Cold War era, Rudolph (2002) 
describes how scientists essentially took over the science curriculum, due to a perceived 
anxiety and belief that scientists could in some way better bring populations towards visions 
of hope and progress. Even while public education in the US is in turmoil now, with multiple 
competing goals and parties with vested interest in particular outcomes, the status of 
educators and schools of education within academia has consistently been poor. Indeed, 
Labaree (2004) suggests that, from its historical connotation as women’s work, and in 
contemporary times being in the wrong quadrant formed by the cartesian axes of pure-
applied, and hard-soft, educators are often perceived at the very bottom of any academic 
hierarchy2. Seen in this perspective, is it any surprise that when enormously wealthy 
organisations claim that, for instance, computational thinking is an important skill for the 
future, critical educators often only form the minority opinion (see, e.g., Selwyn, 2016a, 
2016b; Williamson, 2016), while the vast majority do not question the potential for conflict of 
interest (among other problems)?  
 
In any case, educators’ deference to the public interest means that, at least for the specific 
case of scientific literacy, the apparently rational response that completely ignores the 
humanistic expertise of educators has been to treat the problem of communicating scientific 
literacy goals as a deficit that simply needs remediation (Simis, Madden, Cacciatore, & Yeo, 
2016). Granted, such a logic is seductive, even to many educators, so while scientific literacy 
goals have shifted, the logic of deficit may not. Most significantly, while the communication of 
scientific ideas to people is a social science, Simis et al. (2016) find empirical evidence that 
natural scientists who have less positive attitudes toward the social sciences are more likely 
to adhere to the knowledge deficit model of science. Scientists in general are also 
enculturated to accept a “hierarchy of the sciences, with “softer” sciences at the bottom” 
(Cole, 1983; Simis et al., 2016). Couple this low status with a simple, rational response that 
has bipartisan appeal (in the US), it is not hard to see how the deficit model has such staying 
power. If there is a shortage of STEM talent/ lack of public awareness on STEM related 
issues/ insufficient numbers of critical thinkers, surely governments should make use of 
mechanisms within their reach such as public schooling to affect these changes? The 
problem with the deficit model is that people are not simply ignorant and need to be 
informed. The assumption of a rational public is far from accurate. People hold competing 
value systems and make use of motivated reasoning (Sinatra, Kienhues, & Hofer, 2014) in 
defence of their preferred conclusions. Even the scientifically literate are not immune to 
motivated reasoning; in fact the more highly educated tend to hold more strongly polarised 

 
2 For example, physics occupies the ‘hard-pure’ quadrant, medicine the ‘hard-applied’, sociology the ‘soft-pure’, 
while education is ‘soft-applied’. 

https://paperpile.com/c/fKSTiU/3ion/?noauthor=1
https://paperpile.com/c/fKSTiU/xnJeK/?noauthor=1
https://paperpile.com/c/fKSTiU/9kDr2+LPTB+GptR/?prefix=see%2C%20e.g.%2C%20,,
https://paperpile.com/c/fKSTiU/9kDr2+LPTB+GptR/?prefix=see%2C%20e.g.%2C%20,,
https://paperpile.com/c/fKSTiU/YiCSC
https://paperpile.com/c/fKSTiU/YiCSC
https://paperpile.com/c/fKSTiU/YiCSC+lsSKr
https://paperpile.com/c/fKSTiU/VEZf5


10 

positions on controversial science topics (Drummond & Fischhoff, 2017). Simis cites 
numerous studies with empirical demonstrations of our individual and collective irrationality 
as human beings3, and there is reason to believe that even for economic competitiveness, 
high measured competence in STEM disciplines in school situations may not necessarily be 
translatable into economic outcomes (Zakaria, 2015). 
 
It is, of course, an open question as to the relationship of educators to policy makers in 
Singapore, given the paucity of published studies on this matter. However, given the 
different levels of operation and the different stakeholder demands, it is perhaps inevitable 
that a similar form of analysis may apply to the local context. Policy makers cannot afford to 
see the individual when making policy, while educators cannot help but be concerned about 
contextual variation across time, space, and human interactions. The heavy emphasis on 
accountability and comparison of school performance on in-principle standardisable league 
tables imply a favouring of a certain form of rationality grounded in a linear logic of cause 
and effect, and not, for instance, an appreciation of the complexity and partiality of human 
interactions. Given the power imbalance and preferred logic, it is likely inevitable that deficit 
models rule, to predictable outcomes.  
 
The complexity of education for the economy 
At least internationally, there is now increasing reason to believe that the linkages between 
STEM, innovation and the economy are broken, if in the first place the relationships were 
even well understood. Policy studies into Science, Technology and Innovation (STI) have 
theorised these linkages, and a recent study by Soete (2019) suggests a current state of 
crisis in understanding: new technologies do not appear to lead automatically to any sort of 
‘trickle-down’ growth or welfare gains. Even worse, environmental concerns are growing, 
and questions as to the goal of unsustainable fossil-fuel-based growth are becoming 
impossible to ignore. I will expand on this aspect below, but more significantly for the 
argument of this subsection, it appears that  

[…] measuring the economic value of research appears to be put under 
pressure today by two opposing forces. On the one hand, the value of 
research is less and less a national affair—and this holds for the majority of 
countries in the world; on the other, and in some way as a corollary of the 
previous point, the value of research increasingly depends on the absorptive 
capacity of a national or local population. Being able to absorb scientific 
knowledge naturally also requires personal contact. In order to determine what 
the value of research is in any exact detail, then, what one really ought to be 
measuring is people, with a view to establishing the extent to which science 
has helped them acquire general knowledge and improved their ability to 
absorb and convey knowledge and use it to solve problems. (p. 852) 

In other words, it may not actually be the case that TSLN initiatives have not resulted in 
gains in creative outputs in the Singaporean economy, or, for that matter, that the creative 
outputs are the result of TSLN. As Soete (ibid.) suggests, given the mobility of knowledge 
and knowledge workers, the creative Singaporean graduate could just as easily find 
employment in Palo Alto, as the creative Tokyo organisation buy exclusive license to 
knowledge products from Singapore. More significantly to the point, is the realisation of the 
field of research policy that simplistic ‘industrial efficiency’ and ‘consumerism mode’ type of 

 
3 Consider the responses to climate change, vaccines, and covid-19.  
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analyses are no longer sufficient to explain the “broken” “knowledge and technology diffusion 
‘machine’” (p. 849).  
 
It would not be kind to suggest that there is a certain degree of schadenfreude in this state of 
affairs. Educators have longed laboured to understand the complex phenomena of teaching 
and learning, and in recent times it has been necessary to remind the community of its 
difficulty, especially during attempts to simplify and demand different epistemic standards for 
education research (Berliner, 2002; Luke, 2011; Phillips, 2014; Wieman, 2014). While 
models of human organisation such as in businesses, and metaphorical extensions of 
machinic and health care interactions exist, the human interaction of education is special in a 
very important sense that cannot be reduced. Here, Biesta’s (2016) distinction between 
strong and weak forms of creation is useful. While the rational response to education policy 
planning can often be mired deep in a deterministic and technocratic worldview to better 
assure funders of the possibilities for a ‘return on investment’, such a situation is neither 
realistic, or even desirable as we are dealing with the creation of human identities. The 
ontological metaphor that we might use to describe our act of creation needs interrogation, if 
only so that this may lead to insights into the teaching-learning interaction. Biesta reminds us 
of the old aphorism of Yeats’, that distinction between filling pails and lighting fires4, and 
invites us to think through what it might mean for an interaction between human beings to be 
educative. In this sense, the strong, mechanistic language of systems, processes, and 
industrial-era logic of scaling up experiments has to compete with the weak version of an 
open-ended interaction between human beings whose intentions may not be clear even to 
themselves, resulting in outcomes that cannot be guaranteed. Posed in these terms, many 
would prefer the apparent safety of the known, but, as Biesta asserts, we might want to 
consider what the costs are of “making education work”: we need to be conscious of the 
point where “complexity reduction turns into unjustifiable and uneducational suppression and 
where suppression turns into oppression. To simply demand that education become strong, 
secure, predictable, and risk-free, and to see any deviation from this path as a problem that 
needs to be “solved,” therefore misses the educational point in a number of ways.” (p. 2). 
The educational interaction is inherently and necessarily a risky one, and any measure to 
eliminate this risk needs to be treated with suspicion.  
  
For STEM education, especially one ‘for the economy’, that stands a chance of contributing 
to solving current and impending crises, a strong pedagogy that ensures the acquisition of 
pre-determined ‘learning outcomes’ may be appealing. However, such a strong form will 
merely guarantee a reproductive form of learning while what really matters are creative ways 
forward. We might believe that we are preparing students for the future if we present 
information on new technologies. Yet, as I surmised earlier, the sociocultural patterns of 
relating to these things can determine what we use these things for: while it can be possible 
to pursue ‘pedagogised’ versions of technological use in classrooms, to what degree would 
we be promulgating cargo cult varieties of technological use? For instance, ‘computational 
thinking’ has swept across schools in response to ‘Big Tech’ leaders’ suggestions that we do 
so. Such enthusiasm has found all manner of schools and universities promising to ‘do’ 
computational thinking (see, e.g., Baharudin, 2019; Provost’s Office, 2017; ‘Strengthening 
Digital Literacy’, 2020; Wing, 2006), regardless of whether or not such a move is appropriate 
for particular disciplines, or if at all there are ontological and epistemological conflicts in 

 
4 Education is not the filling of a pail but the lighting of a fire 
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attempting to force fit computation and its philosophical assumptions into other practices 
which may not fit (see, e.g., Ames, 2018).  
 
STEM as an opportunity to get TSLN right 
If we are to truly get TSLN right, or even merely nurture creativity “for the economy” we 
might want to consider the last two decades of science and mathematics education a 
background preparation for the kinds of cultural shifts that are needed for a truly creative 
economy, considered not only as a ‘workforce’ of individual, Singaporean elements, but also 
in terms of a sociocultural context that invites creative talent from all over the world to 
participate and contribute. In curricula terms, the foregoing should serve as a invitation to 
education policymakers to consider the ‘useless knowledges’ of the social sciences and 
humanities of STEM. As for pedagogy, a humanistic treatment of education for creative 
outcomes requires us to think more deeply about the autonomy and agency of all our 
learners.  
 
Considering useless knowledges for the STEM curriculum  
Creative outcomes of science and technology are not the sole outcome of a pure cogitation 
of isolated brains, but are instead the result of sociocultural contexts that possess norms as 
to the kinds of conclusions one should find reasonable, and the kinds of goals that are 
considered worthy to pursue. If we are to avoid technological determinism, STEM educators 
need to pay attention to the cultures of use of the artefacts of STEM. None of these 
considerations fall into the traditional disciplinary silos of science and mathematics. Further, 
if we are to be interested in technology and engineering, contemporary technologies 
increasingly demand that we avoid teaching STEM as an amoral logic, but to more closely 
understand the effects on individuals and societies of the technologies we take for granted. 
For instance, Zuboff (2019) writes about the nature of what she terms surveillance 
capitalism. As a special case of capitalism, where the general interest has been to convert 
resources into money, surveillance capitalism is our 21st century vision where the human 
attention can now be bought and sold, and where algorithms increasingly program human 
behaviour (see also, Carr, 2014). If the historical trajectory of capitalism is anything to go by, 
we can only expect capitalist accumulation to result in the complete extraction of value from 
resources, rendering all that has value into the wealth of fewer and fewer hands (Patel & 
Moore, 2017), with negative consequences throughout. If we may excuse STEM 
practitioners on a defence of ‘best intentions’, we will still need an educated populace that 
can recognise and react to threats to individual and collective wellbeing from Frankenstein’s 
monsters that have gotten loose from its restraints, either accidentally or deliberately. Such 
knowledge—of the ethics and morality of STEM innovation—is not currently considered 
STEM knowledge, but is the matter of a recent appeal for educators (Rudolph, 2020), and is 
likely to grow in importance.  
 
Even if we are merely concerned with economic success, I have earlier alluded to the notion 
that success comes, not only through competence in STEM, but from the recognition of 
human needs and the desire to make life better for others. For instance, Zakaria (2015) 
reminds us that the technological revolution of the last two decades is as much a success of 
technological innovation as it is a recognition of the human factors that cannot be reduced to 
computable problems. Things in themselves, absent a narrative and purpose set within a 
larger context are unlikely to convince potential customers to hand over their money. The 
design method provides explicit links to the creative and social aspects of knowledge 
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production. Although there is no canonical method, with several theorists referring to the 
different design stages with different names (see, e.g., Cross, 2006; Kelley & Kelley, 2013; 
Nelson & Stolterman, 2012; ‘Stanford d.school’, n.d.), there is at least some agreement that 
design is always a socially motivated activity that requires designers to anchor their 
intentions within the social web of relations and purposes.  
 
If we want students to be creative, we not only have to give them the tools to be creative, we 
have to give them a place in the historical narrative of our collective to insert themselves 
into. Why is this invention being made? What question does this scientific problem respond 
to? What kind of a vision of humanity does this invention represent? Again, these non-STEM 
knowledges can be, and are likely to have been, considered essentially useless from the 
point of view of decreasing student deficit in STEM knowledges; yet, these are exactly the 
kinds of knowledges that deliberate thought to coming up with novel solutions can truly result 
in economically successful inventions.  
 
Here, I do not use the term ‘useless’ in any careless or derogatory manner; instead, I follow 
in the tradition of self-deprecatory critique of mainstream values and beliefs, going as far 
back as 1939 (Flexner, 1939), through to Frederich Hayek’s critique of the form of scientism 
and rationalist hubris that tends to grip central planners (Hayek, 1952), and Mary Midgley’s 
appeal for the useless knowledges of the humanities (Midgley, 1990). Even more recently, 
and with specific relevance to STEM, Yong Zhao warns us against an excessive focus on 
STEM, appealing to readers to consider the ‘useless’ talents as at least a hedge against the 
risks posed by intellectual monoculture (Zhao, 2019). For a vision of STEM that might stand 
a chance to accomplish the goals of TSLN in achieving a (scientifically) creative population, 
we may wish to trade the sacred cow of artificial disciplinary specialisation to consider 
holistic phenomena as the starting point of inquiry. This is not to say that we should 
necessarily abandon disciplinary ways of knowing, but that we should instead try on new 
ways of seeing—as Barad (2003) would assert, moving “away from the representationalist 
trap of geometrical optics”, towards “questions of diffraction rather than [transmission and] 
reflection.” (p. 803) Each way of knowing interferes with phenomena in different ways, 
producing contradictory patterns from which the superposition affords a more nuanced 
understanding.  
 
Humanist pedagogy 
It would be great irony to deepen the deficit model of STEM education by treating the 
sociality of STEM as knowledge gaps to be filled. To ethically communicate the moral 
purposes of STEM education may require us to rethink the fundamental nature of the 
teaching-learning interaction, something that is increasingly hard to do in many jurisdictions 
as a reductionist logic has transformed schools into gradually limited roles (Biesta, 2004, 
2013). Biesta condemns this ‘learnification’ of education, as it obscures the fact that the term 
is essentially meaningless unless accompanied with explications as to what is to be learnt, 
why this has to be so, and what the ideal relationship between educator and educated 
should take. As I explained above, a new ‘STEM for the economy’ has to become conscious 
of the ethico-moral purposes that we might deploy our knowledge for, and restore a sense of 
critical optimism so that we might collectively weather the exiting crises of today, and the 
unavoidable ones of the future.  
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Here, the emphasis is on the essential humanness of the educational transaction, in the 
nurturance of humans who have at least the potential to intend the world to be a different 
place than what it currently is. This will require a different orientation to education, treating 
students not merely as passive ‘learners’, and teachers as the end points of a socio-
technological machine that delivers standardised outcomes. I use Hannah Arendt’s notion of 
natality (Arendt, 1961) in thinking about how every generation is essentially born anew, with 
new intentions and the full possibilities for action that even individuals in themselves are 
unable to completely foresee, let alone in collective interaction with others. In order that we 
can move past the ideological deadlocks that bind us in the old world of adults into the 
paradoxical positions we find ourselves, we need new thought that can only emerge from a 
new politics. This will come from a new generation whose politics may not, and should not 
necessarily cohere with the politics of the old world. Yes, there is a need for cultural 
reproduction, and we may desire to be part of intergenerational projects larger than our 
individual selves, but the ethical position cannot be to place the burden of the old world onto 
the new. Conroy (2020), using the same Arendtian notions, argues that it is fair to desire to 
nurture children who are resilient and robustly prepared to take up responsibility in the public 
sphere when the time comes. However, such a desire does not mean that we ought to, as 
some progressive educators may suggest, expose students to the politics of the adult world 
as an attempt to make them more resilient: “After all, we are generally not inclined to 
propose that we expose ourselves to a sexually transmitted infection so that we can build up 
immunity. Nor are we likely to suggest that children do a little experimenting with cocaine in 
the classroom. Exposure, even exposure with suitably and ideally presented discussion and 
reflection of the kind beloved of liberal educators, is not self-evidently the path to sustained 
resilience.” (p. 38) We need to rely on children to come up with better ideas about how the 
world ought to be run, and of course they ought to know more about how STEM interacts 
with societies. But to insist that students comply with particular practitioners’ culture and 
politics, no matter how successful, runs the risk of robbing our students of a future that they 
have yet to create. To be careful, this does not mean that students cannot be educated and 
become convinced to take up sustained projects, but that they should not be coerced, which 
is a tall order given the power discrepancies between young and old.  
 
Education, then, is the creation of a new world, but this act of creation is not one of pouring 
formless material into moulds and then ejecting finished artefacts. Rather, the educator role 
in this creation is as the bricoleur, who pieces together found materials who individually and 
collectively can express their allegiance or opposition to a central theme that is suggested by 
the artist. In practical terms, a STEM for the economy that privileges creative outcomes 
needs to pay attention to the cultural ‘operating system’ of the collective in the classroom, 
organising the taken-for-granted activity of the classroom in ways that are distinct from the 
traditional stance where the teacher is the epistemic authority in the classroom. Such a 
teacher would serve as a concierge, responding to the desires of students for particular 
forms of learning by customising learning trajectories from a menu of common (and hopefully 
also uncommon) requests. For Singapore, and many other countries which have been 
accustomed to a transmissionist form of pedagogy, this probably sounds like a tall order. 
However, given that the numerous educational experiments of the specialised independent 
and autonomous schools that arose around the time of TSLN have had over a decade to 
consolidate their successes, it is time to consider carefully examining how certain cultural, 
taken-for-granted forms of thinking and being can lead to particular kinds of outcomes, and 
how these cultures may lead to changes in other schools. Such forms of cultural change are 
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not as glamorous as the purchase of large volumes of equipment, and will not directly 
involve computers, rooms full of video cameras and microphones, or brain scanning 
equipment. These changes will not leave traces, except in the minds and bodies of humans 
who will experience it and truly be educated by other humans, not trained by ‘research 
backed’, computer supported, teacher-proof fail safe algorithms. Instead, at least in the 
Singaporean context where the dominant pressures are to perform to exacting system 
specifications, such changes will need the bravery and wise discernment of teachers who 
understand the distinction between training and education, and who can operate within the 
interstitial spaces to create a pedagogy of possibility (Lee, 2008).  
 
Conclusion 
I have worked to show that any ‘STEM for the economy’ needs to take into account the ways 
in which STEM is deeply humanistic, social, complex, qualitative, and perhaps even 
ephemeral. Firstly, STEM practitioners rely significantly upon the social sciences and the 
humanities to understand what is valuable to understand (science/mathematics) or to make 
real (technology/engineering). This they do either possessing the skills themselves, or more 
often than not, by working together with social scientists. The acquisition of these skills 
require a form of immersion, and not merely transmission as if downloading a file. Secondly, 
STEM practitioners maintain an internal cultural practice related to the artefacts and the 
different ways in which representations inter-relate with the practices. Unfortunately, given 
the cultural biases surrounding science and the social sciences, the social science of STEM 
has not conventionally been considered as important for students of STEM to know. Coupled 
with rational, deficit model understandings of how to address knowledge gaps in scientific 
literacy, it is more than likely that the result is the formation of a cargo cult version of STEM 
education. Such a version of STEM will likely not result in economically productive 
outcomes. To attend to these shortcomings, I have proposed a vision of STEM that is 
necessarily transdisciplinary, in that it transcends current disciplinary boundaries. This is 
also accompanied by a humanistic pedagogy for STEM that recognises the dual nature of 
creativity that accompanies the education of young people—that of the implicit promise of a 
new generation arising to contribute to new sociopolitical compacts that resolve the 
problems of the old world, and the messy, complex, and risky creation of a person, the 
abridgment of which we should view with great suspicion.  
 
Admittedly, this is not an easy argument to have made, and it covers more intellectual 
ground than most journal articles of this length. As it traverses through multiple domains it is 
probable that experts in these domains will find shortcomings. For this, I make no apologies 
but instead invite experts to participate in this very important project of thinking about how 
the future will become. As for myself and many educators, caught in the middle between the 
world as it is, and the world as it could be, I am excited about the prospects for a future that I 
may not get to experience. The act of education, in all its complexity, does not avail itself to 
easy successes that can be found within tightly delimited disciplines, and for that reason its 
practitioners do not share in the prestige of other pursuits. Nonetheless, I sincerely invite 
more people to think about the purpose, goals, and intentions of education generally and 
STEM education in particular, especially since there appears to be so many issues that 
concern STEM in societies which require our urgent attention.  
 

https://paperpile.com/c/fKSTiU/0Ue1


16 

References 

Amabile, T. M. (1983). The social psychology of creativity: A componential 
conceptualization. Journal of Personality and Social Psychology, 45(2), 357. 

Amabile, T. M., & Pratt, M. G. (2016). The dynamic componential model of creativity and 
innovation in organizations: Making progress, making meaning. Research in 
Organizational Behavior, 36, 157–183. Retrieved from 
https://doi.org/10.1016/j.riob.2016.10.001 

Ames, M. G. (2018). Hackers, Computers, and Cooperation: A Critical History of Logo and 
Constructionist Learning. Proc. ACM Hum. -Comput. Interact., 2(CSCW), 18:1–18:19. 
Retrieved from https://doi.org/10.1145/3274287 

Arendt, H. (1961). Between past and future: Six exercises in political thought. New York, NY: 
The Viking Press. 

Baharudin, H. (2019). Enrichment classes on coding for all upper primary pupils next year,. 
Retrieved 15 August 2020, from https://www.straitstimes.com/tech/coding-to-be-made-
compulsory-for-all-upper-primary-pupils-next-year 

Barad, K. (2003). Posthumanist performativity: Toward an understanding of how matter 
comes to matter. Signs: Journal of Women in Culture and Society, 28(3), 801–831. 

Barbrook, R., & Cameron, A. (1996). The Californian ideology. Science as Culture, 6(1), 44–
72. Retrieved from https://doi.org/10.1080/09505439609526455 

Berliner, D. C. (2002). Comment: Educational Research:The Hardest Science of All. 
Educational Researcher , 31(8), 18–20. Retrieved from 
https://doi.org/10.3102/0013189X031008018 

Bevan, B., Gutwill, J. P., Petrich, M., & Wilkinson, K. (2015). Learning through STEM-rich 
tinkering: Findings from a jointly negotiated research project taken up in practice. 
Science Education, 99(1), 98–120. Retrieved from https://doi.org/10.1002/sce.21151 

Biesta, G. (2004). Against learning: Reclaiming a language for education in an age of 
learning. Nordisk Pedagogik (Nordic Studies in Education), 23(1), 54–66. Retrieved 
from 
https://www.idunn.no/np/2004/01/against_learning_reclaiming_a_language_for_educati
on_in_an_age_of_learning 

Biesta, G. (2013). Interrupting the Politics of Learning. Power and Education, 5(1), 4–15. 
Retrieved from https://doi.org/10.2304/power.2013.5.1.4 

Biesta, G. (2016). The beautiful risk of education. Abingdon, Oxon: Routledge. 
Bratus, S. (2007). What hackers learn that the rest of us don’t: notes on hacker curriculum. 

IEEE Security & Privacy, 5(4). 
Bybee, R. W. (2010). What is STEM education? Science, 329(5995), 996. Retrieved from 

https://doi.org/10.1126/science.1194998 
Cannady, M. A., Greenwald, E., & Harris, K. N. (2014). Problematizing the STEM Pipeline 

Metaphor: Is the STEM Pipeline Metaphor Serving Our Students and the STEM 
Workforce? Science Education, 98(3), 443–460. Retrieved from 
https://doi.org/10.1002/sce.21108 

Capraro, R. M., Capraro, M. M., & Morgan, J. R. (Eds.). (2013). STEM project-based 
learning: An Integrated Science, Technology, Engineering, and Mathematics (STEM) 
approach. Rotterdam, The Netherlands: Sense Publishers. 

Carr, N. (2014). The Glass Cage: How Our Computers Are Changing Us. W. W. Norton & 
Company. 

Chang, D. (2018). Commentary: We now live in a ‘science fiction world’. We need to boost 

http://paperpile.com/b/fKSTiU/UmiiI
http://paperpile.com/b/fKSTiU/UmiiI
http://paperpile.com/b/fKSTiU/UmiiI
http://paperpile.com/b/fKSTiU/UmiiI
http://paperpile.com/b/fKSTiU/NRlIx
http://paperpile.com/b/fKSTiU/NRlIx
http://paperpile.com/b/fKSTiU/NRlIx
http://paperpile.com/b/fKSTiU/NRlIx
http://paperpile.com/b/fKSTiU/NRlIx
http://paperpile.com/b/fKSTiU/NRlIx
http://dx.doi.org/10.1016/j.riob.2016.10.001
http://paperpile.com/b/fKSTiU/uOPTk
http://paperpile.com/b/fKSTiU/uOPTk
http://paperpile.com/b/fKSTiU/uOPTk
http://paperpile.com/b/fKSTiU/uOPTk
http://paperpile.com/b/fKSTiU/uOPTk
http://dx.doi.org/10.1145/3274287
http://paperpile.com/b/fKSTiU/3EgeG
http://paperpile.com/b/fKSTiU/3EgeG
http://paperpile.com/b/fKSTiU/3EgeG
http://paperpile.com/b/fKSTiU/3EgeG
http://paperpile.com/b/fKSTiU/w5WYs
http://paperpile.com/b/fKSTiU/w5WYs
https://www.straitstimes.com/tech/coding-to-be-made-compulsory-for-all-upper-primary-pupils-next-year
https://www.straitstimes.com/tech/coding-to-be-made-compulsory-for-all-upper-primary-pupils-next-year
http://paperpile.com/b/fKSTiU/oYhn
http://paperpile.com/b/fKSTiU/oYhn
http://paperpile.com/b/fKSTiU/oYhn
http://paperpile.com/b/fKSTiU/oYhn
http://paperpile.com/b/fKSTiU/5CsQ
http://paperpile.com/b/fKSTiU/5CsQ
http://paperpile.com/b/fKSTiU/5CsQ
http://paperpile.com/b/fKSTiU/5CsQ
http://dx.doi.org/10.1080/09505439609526455
http://paperpile.com/b/fKSTiU/xZ6E
http://paperpile.com/b/fKSTiU/xZ6E
http://paperpile.com/b/fKSTiU/xZ6E
http://paperpile.com/b/fKSTiU/xZ6E
http://paperpile.com/b/fKSTiU/xZ6E
http://dx.doi.org/10.3102/0013189X031008018
http://paperpile.com/b/fKSTiU/tl1G
http://paperpile.com/b/fKSTiU/tl1G
http://paperpile.com/b/fKSTiU/tl1G
http://paperpile.com/b/fKSTiU/tl1G
http://dx.doi.org/10.1002/sce.21151
http://paperpile.com/b/fKSTiU/ncfTb
http://paperpile.com/b/fKSTiU/ncfTb
http://paperpile.com/b/fKSTiU/ncfTb
http://paperpile.com/b/fKSTiU/ncfTb
http://paperpile.com/b/fKSTiU/ncfTb
https://www.idunn.no/np/2004/01/against_learning_reclaiming_a_language_for_education_in_an_age_of_learning
https://www.idunn.no/np/2004/01/against_learning_reclaiming_a_language_for_education_in_an_age_of_learning
http://paperpile.com/b/fKSTiU/ad9Tg
http://paperpile.com/b/fKSTiU/ad9Tg
http://paperpile.com/b/fKSTiU/ad9Tg
http://paperpile.com/b/fKSTiU/ad9Tg
http://dx.doi.org/10.2304/power.2013.5.1.4
http://paperpile.com/b/fKSTiU/Z6uIk
http://paperpile.com/b/fKSTiU/Z6uIk
http://paperpile.com/b/fKSTiU/Z6uIk
http://paperpile.com/b/fKSTiU/2j7W
http://paperpile.com/b/fKSTiU/2j7W
http://paperpile.com/b/fKSTiU/2j7W
http://paperpile.com/b/fKSTiU/2j7W
http://paperpile.com/b/fKSTiU/smDWQ
http://paperpile.com/b/fKSTiU/smDWQ
http://paperpile.com/b/fKSTiU/smDWQ
http://paperpile.com/b/fKSTiU/smDWQ
http://dx.doi.org/10.1126/science.1194998
http://paperpile.com/b/fKSTiU/GdfV
http://paperpile.com/b/fKSTiU/GdfV
http://paperpile.com/b/fKSTiU/GdfV
http://paperpile.com/b/fKSTiU/GdfV
http://paperpile.com/b/fKSTiU/GdfV
http://paperpile.com/b/fKSTiU/GdfV
http://dx.doi.org/10.1002/sce.21108
http://paperpile.com/b/fKSTiU/89op
http://paperpile.com/b/fKSTiU/89op
http://paperpile.com/b/fKSTiU/89op
http://paperpile.com/b/fKSTiU/89op
http://paperpile.com/b/fKSTiU/89op
http://paperpile.com/b/fKSTiU/xQmdT
http://paperpile.com/b/fKSTiU/xQmdT
http://paperpile.com/b/fKSTiU/xQmdT
http://paperpile.com/b/fKSTiU/xQmdT
http://paperpile.com/b/fKSTiU/GS16G


17 

STEM education. Retrieved 7 August 2020, from 
https://www.channelnewsasia.com/news/commentary/in-a-science-fiction-world-we-
need-to-boost-stem-education-10538140 

Clarke, D. (2014). Disciplinary inclusivity in educational research design: Permeability and 
affordances in STEM education. In International STEM Conference. Vancouver, BC: 
University of British Columbia. 

Cole, S. (1983). The Hierarchy of the Sciences? The American Journal of Sociology, 89(1), 
111–139. Retrieved from https://doi.org/10.1086/227835 

Conroy, J. (2020). Caught in the Middle: Arendt, Childhood and Responsibility. Journal of 
Philosophy of Education, 54(1), 23–42. Retrieved from https://doi.org/10.1111/1467-
9752.12367 

Cornell University, INSEAD, & World Intellectual Property Organization. (2020). Global 
innovation index 2020: Who will finance innovation. (S. Dutta, B. Lanvin, & S. Wunsch-
Vincednt,Eds.). 

Cross, N. (2006). Designerly Ways of Knowing. London, UK: Springer-Verlag London. 
Dexter, S. (1999). Collective representations and educational technology as school reform: 

Or, how not to produce a cargo cult. Educational Technology & Society, 2(4), 53–61. 
Drummond, C., & Fischhoff, B. (2017). Individuals with greater science literacy and 

education have more polarized beliefs on controversial science topics. Proceedings of 
the National Academy of Sciences of the United States of America, 114(36), 9587–
9592. Retrieved from https://doi.org/10.1073/pnas.1704882114 

Economic Development Board. (2020). Innovation in Singapore. Retrieved 4 October 2020, 
from https://www.edb.gov.sg/en/our-industries/industries-and-key-
activities/innovation.html 

English Language Institute of Singapore (Ed.). (2017). 21st Century Competencies—What 
are they and are we teaching them? (Vol. 4). English Language Institute of Singapore. 
Retrieved from 
https://academyofsingaporeteachers.moe.edu.sg/docs/librariesprovider2/resouces-
docs/elis-research-digests-doc/elis-research-digest-vol-4-issue-4.pdf 

Firestein, S. (2012). Ignorance: How It drives science. Oxford, UK: Oxford University Press. 
Firestein, S. (2016). Failure: Why science is so successful. New York, NY: Oxford University 

Press. 
Flexner, A. (1939). The usefulness of useless knowledge. Harpers, (179), 544–552. 
García Martinez, A. (2016). Chaos monkeys: Inside the Silicon Valley money machine. 

London, UK: Ebury Press. 
Goh, C. T. (1997, June). Speech by Prime Minister Goh Chok Tong. Presented at the 7th 

International Conference on Thinking, Suntec City Convention Centre. Retrieved from 
https://www.nas.gov.sg/archivesonline/data/pdfdoc/19970602_0001.pdf 

Goodwin, C. (1994). Professional vision. American Anthropologist, 96(3), 606–633. 
Goodwin, C. (2000). Practices of seeing: Visual analysis: An ethnomethodological approach. 

In T. van Leeuwen & C. Jewitt (Eds.), Handbook of Visual Analysis (pp. 157–182). 
London: Sage Publications. 

Gould, S. J. (1981). The mismeasure of man (1st ed., p. 352 p). New York: Norton. 
Hattie, J., & Hamilton, A. (2018). Education cargo cults must die. Thousand Oaks, CA: 

Corwin. 
Hayek, F. A. (1952). The counter-revolution of science: Studies on the abuse of reason. New 

York, NY: The Free Press. 
Hogan, D., Chan, M., Rahim, R., Kwek, D., Maung Aye, K., Loo, S. C., … Luo, W. (2013). 

http://paperpile.com/b/fKSTiU/GS16G
http://paperpile.com/b/fKSTiU/GS16G
https://www.channelnewsasia.com/news/commentary/in-a-science-fiction-world-we-need-to-boost-stem-education-10538140
https://www.channelnewsasia.com/news/commentary/in-a-science-fiction-world-we-need-to-boost-stem-education-10538140
http://paperpile.com/b/fKSTiU/FvTs
http://paperpile.com/b/fKSTiU/FvTs
http://paperpile.com/b/fKSTiU/FvTs
http://paperpile.com/b/fKSTiU/FvTs
http://paperpile.com/b/fKSTiU/FvTs
http://paperpile.com/b/fKSTiU/lsSKr
http://paperpile.com/b/fKSTiU/lsSKr
http://paperpile.com/b/fKSTiU/lsSKr
http://paperpile.com/b/fKSTiU/lsSKr
http://dx.doi.org/10.1086/227835
http://paperpile.com/b/fKSTiU/gTH0B
http://paperpile.com/b/fKSTiU/gTH0B
http://paperpile.com/b/fKSTiU/gTH0B
http://paperpile.com/b/fKSTiU/gTH0B
http://dx.doi.org/10.1111/1467-9752.12367
http://dx.doi.org/10.1111/1467-9752.12367
http://paperpile.com/b/fKSTiU/f013
http://paperpile.com/b/fKSTiU/f013
http://paperpile.com/b/fKSTiU/f013
http://paperpile.com/b/fKSTiU/f013
http://paperpile.com/b/fKSTiU/f013
http://paperpile.com/b/fKSTiU/DXcYB
http://paperpile.com/b/fKSTiU/DXcYB
http://paperpile.com/b/fKSTiU/DXcYB
http://paperpile.com/b/fKSTiU/GITO0
http://paperpile.com/b/fKSTiU/GITO0
http://paperpile.com/b/fKSTiU/GITO0
http://paperpile.com/b/fKSTiU/GITO0
http://paperpile.com/b/fKSTiU/YZmwv
http://paperpile.com/b/fKSTiU/YZmwv
http://paperpile.com/b/fKSTiU/YZmwv
http://paperpile.com/b/fKSTiU/YZmwv
http://paperpile.com/b/fKSTiU/YZmwv
http://paperpile.com/b/fKSTiU/YZmwv
http://dx.doi.org/10.1073/pnas.1704882114
http://paperpile.com/b/fKSTiU/w6MX
http://paperpile.com/b/fKSTiU/w6MX
https://www.edb.gov.sg/en/our-industries/industries-and-key-activities/innovation.html
https://www.edb.gov.sg/en/our-industries/industries-and-key-activities/innovation.html
http://paperpile.com/b/fKSTiU/xyFB
http://paperpile.com/b/fKSTiU/xyFB
http://paperpile.com/b/fKSTiU/xyFB
http://paperpile.com/b/fKSTiU/xyFB
http://paperpile.com/b/fKSTiU/xyFB
https://academyofsingaporeteachers.moe.edu.sg/docs/librariesprovider2/resouces-docs/elis-research-digests-doc/elis-research-digest-vol-4-issue-4.pdf
https://academyofsingaporeteachers.moe.edu.sg/docs/librariesprovider2/resouces-docs/elis-research-digests-doc/elis-research-digest-vol-4-issue-4.pdf
http://paperpile.com/b/fKSTiU/yQym
http://paperpile.com/b/fKSTiU/yQym
http://paperpile.com/b/fKSTiU/yQym
http://paperpile.com/b/fKSTiU/20r6
http://paperpile.com/b/fKSTiU/20r6
http://paperpile.com/b/fKSTiU/20r6
http://paperpile.com/b/fKSTiU/20r6
http://paperpile.com/b/fKSTiU/kpWw
http://paperpile.com/b/fKSTiU/kpWw
http://paperpile.com/b/fKSTiU/kpWw
http://paperpile.com/b/fKSTiU/RztVF
http://paperpile.com/b/fKSTiU/RztVF
http://paperpile.com/b/fKSTiU/RztVF
http://paperpile.com/b/fKSTiU/RztVF
http://paperpile.com/b/fKSTiU/kxxu
http://paperpile.com/b/fKSTiU/kxxu
http://paperpile.com/b/fKSTiU/kxxu
http://paperpile.com/b/fKSTiU/kxxu
https://www.nas.gov.sg/archivesonline/data/pdfdoc/19970602_0001.pdf
http://paperpile.com/b/fKSTiU/VLcp
http://paperpile.com/b/fKSTiU/VLcp
http://paperpile.com/b/fKSTiU/VLcp
http://paperpile.com/b/fKSTiU/Ubct
http://paperpile.com/b/fKSTiU/Ubct
http://paperpile.com/b/fKSTiU/Ubct
http://paperpile.com/b/fKSTiU/Ubct
http://paperpile.com/b/fKSTiU/Ubct
http://paperpile.com/b/fKSTiU/ZduU
http://paperpile.com/b/fKSTiU/ZduU
http://paperpile.com/b/fKSTiU/ZduU
http://paperpile.com/b/fKSTiU/PWtI4
http://paperpile.com/b/fKSTiU/PWtI4
http://paperpile.com/b/fKSTiU/PWtI4
http://paperpile.com/b/fKSTiU/PWtI4
http://paperpile.com/b/fKSTiU/X0szJ
http://paperpile.com/b/fKSTiU/X0szJ
http://paperpile.com/b/fKSTiU/X0szJ
http://paperpile.com/b/fKSTiU/X0szJ
http://paperpile.com/b/fKSTiU/klHK


18 

Assessment and the logic of instructional practice in Secondary 3 English and 
mathematics classrooms in Singapore. Review of Education, 1(1), 57–106. Retrieved 
from https://doi.org/10.1002/rev3.3002 

Hughes, A. (2010). Innovation Policy as Cargo Cult: Myth and Reality in Knowledge-Led 
Productivity Growth. In A. López-Claros (Ed.), The Innovation for Development Report 
2009–2010: Strengthening Innovation for the Prosperity of Nations (pp. 101–117). 
Basingstoke, UK: Palgrave Macmillan. 

Ingold, T. (2004). Culture on the Ground: The World Perceived Through the Feet. Journal of 
Material Culture, 9(3), 315–340. Retrieved from 
https://doi.org/10.1177/1359183504046896 

Ingold, T. (2013). Making: Anthropology, archaeology, art and architecture. Abingdon, Oxon: 
Routledge. 

Kelley, D., & Kelley, T. (2013). Creative Confidence. New York, NY: Random House. 
Labaree, D. F. (2004). The trouble with ed schools. New Haven, CT: Yale University Press. 
Lawson, A. E. (2005). What Is the role of induction and deduction in reasoning and scientific 

inquiry? Journal of Research in Science Teaching, 42(6), 716–740. Retrieved from 
https://doi.org/10.1002/tea.20067 

Lawson, A. E. (2010). Basic inferences of scientific reasoning, argumentation, and 
discovery. Science Education, 94(2), 336–364. 

Lee, Y.-J. (2008). Thriving in-between the cracks: Deleuze and guerilla science teaching in 
Singapore. Cultural Studies of Science Education, 3(4), 917–935. Retrieved from 
https://doi.org/10.1007/s11422-008-9116-y 

Lehrer, R. (2016). Perspectives on elementary STEM education. In Putting STEM education 
under the microscope. Melbourne, VIC: Deakin University. 

Levy, S. (2001). Hackers: Heroes of the computer revolution (Vol. 4). New York, NY: 
Penguin Books. 

Liew, W. L. (2013, January). Development of 21st Century competencies in Singapore. 
Presented at the Presentation at OECD-CCE-MOE ‘Educating for Innovation’ workshop, 
Ministry of Education, Singapore. Retrieved from 
http://www.oecd.org/education/ceri/02%20Wei%20Li%20Liew_Singapore.pdf 

Lindtner, S. (2014). Hackerspaces and the Internet of Things in China: How makers are 
reinventing industrial production, innovation, and the self. China Information, 28(2), 
145–167. Retrieved from https://doi.org/10.1177/0920203x14529881 

Lindtner, S. (2015). Hacking with Chinese Characteristics. Science, Technology & Human 
Values, 40(5), 854–879. Retrieved from https://doi.org/10.1177/0162243915590861 

Luke, A. (2011). Generalizing Across Borders: Policy and the Limits of Educational Science. 
Educational Researcher , 40(8), 367–377. Retrieved from 
https://doi.org/10.3102/0013189X11424314 

Magnani, L. (2000). Abduction, Reason and Science: Processes of Discovery and 
Explanation. New York, NY: Kluwer Academic Publishers. 

Martín‐Páez, T., Aguilera, D., Perales‐Palacios, F. J., & Vílchez‐González, J. M. (2019). 
What are we talking about when we talk about STEM education? A review of literature. 
Science Education, 103(4), 799–822. Retrieved from https://doi.org/10.1002/sce.21522 

McComas, W. F., & Burgin, S. R. (2020). A Critique of ‘STEM’ Education. Science & 
Education. Retrieved from https://doi.org/10.1007/s11191-020-00138-2 

meriSTEM. (2020). meriSTEM @ NIE Singapore. Retrieved 3 October 2020, from 
https://www.nie.edu.sg/meristem 

Midgley, M. (1990). The Use and Uselessness of Learning. European Journal of Education, 

http://paperpile.com/b/fKSTiU/klHK
http://paperpile.com/b/fKSTiU/klHK
http://paperpile.com/b/fKSTiU/klHK
http://paperpile.com/b/fKSTiU/klHK
http://paperpile.com/b/fKSTiU/klHK
http://dx.doi.org/10.1002/rev3.3002
http://paperpile.com/b/fKSTiU/lfTOz
http://paperpile.com/b/fKSTiU/lfTOz
http://paperpile.com/b/fKSTiU/lfTOz
http://paperpile.com/b/fKSTiU/lfTOz
http://paperpile.com/b/fKSTiU/lfTOz
http://paperpile.com/b/fKSTiU/lfTOz
http://paperpile.com/b/fKSTiU/6ZIC
http://paperpile.com/b/fKSTiU/6ZIC
http://paperpile.com/b/fKSTiU/6ZIC
http://paperpile.com/b/fKSTiU/6ZIC
http://paperpile.com/b/fKSTiU/6ZIC
http://dx.doi.org/10.1177/1359183504046896
http://paperpile.com/b/fKSTiU/Pph3
http://paperpile.com/b/fKSTiU/Pph3
http://paperpile.com/b/fKSTiU/Pph3
http://paperpile.com/b/fKSTiU/Pph3
http://paperpile.com/b/fKSTiU/J2pId
http://paperpile.com/b/fKSTiU/J2pId
http://paperpile.com/b/fKSTiU/J2pId
http://paperpile.com/b/fKSTiU/xnJeK
http://paperpile.com/b/fKSTiU/xnJeK
http://paperpile.com/b/fKSTiU/xnJeK
http://paperpile.com/b/fKSTiU/K19du
http://paperpile.com/b/fKSTiU/K19du
http://paperpile.com/b/fKSTiU/K19du
http://paperpile.com/b/fKSTiU/K19du
http://paperpile.com/b/fKSTiU/K19du
http://dx.doi.org/10.1002/tea.20067
http://paperpile.com/b/fKSTiU/i9Hao
http://paperpile.com/b/fKSTiU/i9Hao
http://paperpile.com/b/fKSTiU/i9Hao
http://paperpile.com/b/fKSTiU/i9Hao
http://paperpile.com/b/fKSTiU/0Ue1
http://paperpile.com/b/fKSTiU/0Ue1
http://paperpile.com/b/fKSTiU/0Ue1
http://paperpile.com/b/fKSTiU/0Ue1
http://paperpile.com/b/fKSTiU/0Ue1
http://dx.doi.org/10.1007/s11422-008-9116-y
http://paperpile.com/b/fKSTiU/FCdT
http://paperpile.com/b/fKSTiU/FCdT
http://paperpile.com/b/fKSTiU/FCdT
http://paperpile.com/b/fKSTiU/FCdT
http://paperpile.com/b/fKSTiU/L21Cd
http://paperpile.com/b/fKSTiU/L21Cd
http://paperpile.com/b/fKSTiU/L21Cd
http://paperpile.com/b/fKSTiU/L21Cd
http://paperpile.com/b/fKSTiU/UxHr
http://paperpile.com/b/fKSTiU/UxHr
http://paperpile.com/b/fKSTiU/UxHr
http://paperpile.com/b/fKSTiU/UxHr
http://paperpile.com/b/fKSTiU/UxHr
http://paperpile.com/b/fKSTiU/UxHr
http://www.oecd.org/education/ceri/02%20Wei%20Li%20Liew_Singapore.pdf
http://paperpile.com/b/fKSTiU/0zpW
http://paperpile.com/b/fKSTiU/0zpW
http://paperpile.com/b/fKSTiU/0zpW
http://paperpile.com/b/fKSTiU/0zpW
http://paperpile.com/b/fKSTiU/0zpW
http://dx.doi.org/10.1177/0920203x14529881
http://paperpile.com/b/fKSTiU/cG8L
http://paperpile.com/b/fKSTiU/cG8L
http://paperpile.com/b/fKSTiU/cG8L
http://paperpile.com/b/fKSTiU/cG8L
http://dx.doi.org/10.1177/0162243915590861
http://paperpile.com/b/fKSTiU/HMFV
http://paperpile.com/b/fKSTiU/HMFV
http://paperpile.com/b/fKSTiU/HMFV
http://paperpile.com/b/fKSTiU/HMFV
http://paperpile.com/b/fKSTiU/HMFV
http://dx.doi.org/10.3102/0013189X11424314
http://paperpile.com/b/fKSTiU/K4oE
http://paperpile.com/b/fKSTiU/K4oE
http://paperpile.com/b/fKSTiU/K4oE
http://paperpile.com/b/fKSTiU/K4oE
http://paperpile.com/b/fKSTiU/2ByV
http://paperpile.com/b/fKSTiU/2ByV
http://paperpile.com/b/fKSTiU/2ByV
http://paperpile.com/b/fKSTiU/2ByV
http://dx.doi.org/10.1002/sce.21522
http://paperpile.com/b/fKSTiU/MfaG
http://paperpile.com/b/fKSTiU/MfaG
http://paperpile.com/b/fKSTiU/MfaG
http://paperpile.com/b/fKSTiU/MfaG
http://dx.doi.org/10.1007/s11191-020-00138-2
http://paperpile.com/b/fKSTiU/4qv5
http://paperpile.com/b/fKSTiU/4qv5
https://www.nie.edu.sg/meristem
http://paperpile.com/b/fKSTiU/e82qX
http://paperpile.com/b/fKSTiU/e82qX
http://paperpile.com/b/fKSTiU/e82qX


19 

25(3), 283–294. Retrieved from https://doi.org/10.2307/1503318 
Ministry of Education. (2014). Information Sheet on 21st Century Competencies. Retrieved 8 

October 2020, from https://www.moe.gov.sg/news/press-releases/information-sheet-on-
21st-century-competencies 

Ministry of Education, Singapore. (2019). About Us. Retrieved 8 October 2020, from 
https://www.moe.gov.sg/about 

Nelson, H. G., & Stolterman, E. (2012). The design way: Intentional change in an 
unpredictable world: Foundations and fundamentals of design competence (2nd ed.). 
Cambridge, MA: MIT Press. 

Nikitina, S. (2012). Hackers as Tricksters of the Digital Age: Creativity in Hacker Culture. 
Journal of Popular Culture, 45(1), 133–152. Retrieved from 
https://doi.org/10.1111/j.1540-5931.2011.00915.x 

Patel, R., & Moore, J. W. (2017). A history of the world in seven cheap things: A guide to 
capitalism, nature, and the future of the planet. Univ of California Press. Retrieved from 
https://www.ucpress.edu/ebook.php?isbn=9780520966376 

Phillips, D. C. (2014). Research in the hard sciences, and in very hard ‘softer’ domains. 
Educational Researcher , 43(1), 9–11. Retrieved from 
https://doi.org/10.3102/0013189X13520293 

Pickering, A. (1995). The mangle of practice: Time, agency and science. Chicago, IL: 
University of Chicago Press. 

Pickering, A., & Guzik, K. (Eds.). (2008). The mangle in practice: Science, society, and 
becoming. Durham, NC: Duke University Press. 

Provost’s Office. (2017). Introducing Computational Thinking into the Undergraduate 
Curriculum. Retrieved 15 August 2020, from 
http://blog.nus.edu.sg/provost/2017/03/06/introducing-computational-thinking-into-the-
undergraduate-curriculum/ 

Public Service Division. (2015). Investing in our people. Retrieved 4 October 2020, from 
https://www.psd.gov.sg/heartofpublicservice/our-institutions/investing-in-our-people/ 

Rudolph, J. L. (2002). Scientists in the classroom: The Cold War reconstruction of American 
science education. New York, NY: Palgrave Macmillan. 

Rudolph, J. L. (2020). The lost moral purpose of science education. Science Education, 8, 
741. Retrieved from https://doi.org/10.1002/sce.21590 

Schwab, K. (2016). The Fourth Industrial Revolution (Illustrated Edition). Geneva, 
Switzerland: World Economic Forum. 

Selwyn, N. (2016a). Minding our language: why education and technology is full of bullshit … 
and what might be done about it. Learning, Media and Technology, 41(3), 437–443. 
Retrieved from https://doi.org/10.1080/17439884.2015.1012523 

Selwyn, N. (2016b). The Dystopian Futures. In N. Rushby & D. W. Surry (Eds.), The WIley 
Handbook of Learning Technology (pp. 542–556). Sussex, UK: John Wiley & Sons. 
Retrieved from https://doi.org/10.1002/9781118736494.ch28 

Senor, D., & Singer, S. (2009). Start-up nation: The story of Israel’s economic miracle. New 
York, NY: Hachette Book Group. 

Simis, M. J., Madden, H., Cacciatore, M. A., & Yeo, S. K. (2016). The lure of rationality: Why 
does the deficit model persist in science communication? Public Understanding of 
Science , 25(4), 400–414. Retrieved from https://doi.org/10.1177/0963662516629749 

Sinatra, G. M., Kienhues, D., & Hofer, B. K. (2014). Addressing Challenges to Public 
Understanding of Science: Epistemic Cognition, Motivated Reasoning, and Conceptual 
Change. Educational Psychologist, 49(2), 123–138. Retrieved from 

http://paperpile.com/b/fKSTiU/e82qX
http://dx.doi.org/10.2307/1503318
http://paperpile.com/b/fKSTiU/gR0m
http://paperpile.com/b/fKSTiU/gR0m
https://www.moe.gov.sg/news/press-releases/information-sheet-on-21st-century-competencies
https://www.moe.gov.sg/news/press-releases/information-sheet-on-21st-century-competencies
http://paperpile.com/b/fKSTiU/DR26
http://paperpile.com/b/fKSTiU/DR26
https://www.moe.gov.sg/about
http://paperpile.com/b/fKSTiU/E5Cim
http://paperpile.com/b/fKSTiU/E5Cim
http://paperpile.com/b/fKSTiU/E5Cim
http://paperpile.com/b/fKSTiU/E5Cim
http://paperpile.com/b/fKSTiU/E5Cim
http://paperpile.com/b/fKSTiU/8dJY
http://paperpile.com/b/fKSTiU/8dJY
http://paperpile.com/b/fKSTiU/8dJY
http://paperpile.com/b/fKSTiU/8dJY
http://paperpile.com/b/fKSTiU/8dJY
http://dx.doi.org/10.1111/j.1540-5931.2011.00915.x
http://paperpile.com/b/fKSTiU/t6QJp
http://paperpile.com/b/fKSTiU/t6QJp
http://paperpile.com/b/fKSTiU/t6QJp
http://paperpile.com/b/fKSTiU/t6QJp
http://paperpile.com/b/fKSTiU/t6QJp
https://www.ucpress.edu/ebook.php?isbn=9780520966376
http://paperpile.com/b/fKSTiU/KiqR
http://paperpile.com/b/fKSTiU/KiqR
http://paperpile.com/b/fKSTiU/KiqR
http://paperpile.com/b/fKSTiU/KiqR
http://paperpile.com/b/fKSTiU/KiqR
http://dx.doi.org/10.3102/0013189X13520293
http://paperpile.com/b/fKSTiU/MLUB
http://paperpile.com/b/fKSTiU/MLUB
http://paperpile.com/b/fKSTiU/MLUB
http://paperpile.com/b/fKSTiU/MLUB
http://paperpile.com/b/fKSTiU/O8an
http://paperpile.com/b/fKSTiU/O8an
http://paperpile.com/b/fKSTiU/E4U4u
http://paperpile.com/b/fKSTiU/E4U4u
http://blog.nus.edu.sg/provost/2017/03/06/introducing-computational-thinking-into-the-undergraduate-curriculum/
http://blog.nus.edu.sg/provost/2017/03/06/introducing-computational-thinking-into-the-undergraduate-curriculum/
http://paperpile.com/b/fKSTiU/hllT
http://paperpile.com/b/fKSTiU/hllT
https://www.psd.gov.sg/heartofpublicservice/our-institutions/investing-in-our-people/
http://paperpile.com/b/fKSTiU/3ion
http://paperpile.com/b/fKSTiU/3ion
http://paperpile.com/b/fKSTiU/3ion
http://paperpile.com/b/fKSTiU/3ion
http://paperpile.com/b/fKSTiU/BpXyh
http://paperpile.com/b/fKSTiU/BpXyh
http://paperpile.com/b/fKSTiU/BpXyh
http://paperpile.com/b/fKSTiU/BpXyh
http://dx.doi.org/10.1002/sce.21590
http://paperpile.com/b/fKSTiU/wv30
http://paperpile.com/b/fKSTiU/wv30
http://paperpile.com/b/fKSTiU/wv30
http://paperpile.com/b/fKSTiU/wv30
http://paperpile.com/b/fKSTiU/9kDr2
http://paperpile.com/b/fKSTiU/9kDr2
http://paperpile.com/b/fKSTiU/9kDr2
http://paperpile.com/b/fKSTiU/9kDr2
http://paperpile.com/b/fKSTiU/9kDr2
http://dx.doi.org/10.1080/17439884.2015.1012523
http://paperpile.com/b/fKSTiU/LPTB
http://paperpile.com/b/fKSTiU/LPTB
http://paperpile.com/b/fKSTiU/LPTB
http://paperpile.com/b/fKSTiU/LPTB
http://paperpile.com/b/fKSTiU/LPTB
http://dx.doi.org/10.1002/9781118736494.ch28
http://paperpile.com/b/fKSTiU/8skL
http://paperpile.com/b/fKSTiU/8skL
http://paperpile.com/b/fKSTiU/8skL
http://paperpile.com/b/fKSTiU/8skL
http://paperpile.com/b/fKSTiU/YiCSC
http://paperpile.com/b/fKSTiU/YiCSC
http://paperpile.com/b/fKSTiU/YiCSC
http://paperpile.com/b/fKSTiU/YiCSC
http://paperpile.com/b/fKSTiU/YiCSC
http://dx.doi.org/10.1177/0963662516629749
http://paperpile.com/b/fKSTiU/VEZf5
http://paperpile.com/b/fKSTiU/VEZf5
http://paperpile.com/b/fKSTiU/VEZf5
http://paperpile.com/b/fKSTiU/VEZf5
http://paperpile.com/b/fKSTiU/VEZf5


20 

https://doi.org/10.1080/00461520.2014.916216 
Smart National and Digital Government Office. (2020). Transforming Singapore through 

technology. Retrieved 3 October 2020, from https://www.smartnation.gov.sg/ 
Soete, L. (2019). Science, technology and innovation studies at a crossroad: SPRU as case 

study. Research Policy, 48(4), 849–857. Retrieved from 
https://doi.org/10.1016/j.respol.2018.10.029 

Stanford d.school. (n.d.). Retrieved 19 June 2019, from https://dschool.stanford.edu/ 
Strengthening Digital Literacy. (2020). Retrieved 15 August 2020, from 

https://www.moe.gov.sg/microsites/cos2020/refreshing-our-curriculum/strengthen-
digital-literacy.html 

Tan, M. (2019). When Makerspaces Meet School: Negotiating Tensions Between Instruction 
and Construction. Journal of Science Education and Technology, 28(2), 75–89. 
Retrieved from https://doi.org/10.1007/s10956-018-9749-x 

Tan, M., Lee, S.-S., & Ng, Z. Y. (2017). Social influences on student perceptions of failure in 
learning design processes: instructional implications. Learning: Research and Practice, 
3(2), 130–147. Retrieved from https://doi.org/10.1080/23735082.2017.1351577 

The Economist Intelligence Unit, & Asian Development Bank. (2014). Creative productivity 
index: Analysing creativity and innovation in Asia. Retrieved from Asian Development 
Bank: 

TIMSS & PIRLS International Study Center. (2016). As global study TIMSS turns 20, new 
results show East Asian students continue to outperform peers in mathematics. TIMSS 
& PIRLS International Study Center Press Release. Retrieved from 
http://timss2015.org/wp-content/uploads/2016/T15-Press-Release-FINAL-11-29.pdf 

Toombs, A. L., Bardzell, S., & Bardzell, J. (2015). The proper care and feeding of 
hackerspaces: Care ethics and cultures of making. Of the 33rd Annual ACM 
Conference …. Retrieved from https://dl.acm.org/citation.cfm?id=2702522 

Tytler, R., Williams, G., Hobbs, L., & Anderson, J. (2019). Challenges and Opportunities for 
a STEM Interdisciplinary Agenda. In B. Doig, J. Williams, D. Swanson, R. Borromeo 
Ferri, & P. Drake (Eds.), Interdisciplinary Mathematics Education: The State of the Art 
and Beyond (pp. 51–81). Cham: Springer International Publishing. Retrieved from 
https://doi.org/10.1007/978-3-030-11066-6_5 

Wark, M. (2006). Hackers. Theory, Culture & Society, 23(2-3), 320–322. Retrieved from 
https://doi.org/10.1177/026327640602300242 

Weisberg, S. M., & Newcombe, N. S. (2017). Embodied cognition and STEM learning: 
overview of a topical collection in CR:PI. Cognitive Research: Principles and 
Implications, 2(1), 38. Retrieved from https://doi.org/10.1186/s41235-017-0071-6 

Whitty, G., Anders, J., Hayton, A., Tang, S., & Wisby, E. (2016). Research and Policy in 
Education: Evidence, Ideology and Impact (Education K-12). London, UK: UCL IOE 
Press. 

Wieman, C. E. (2014). The Similarities Between Research in Education and Research in the 
Hard Sciences. Educational Researcher , 43(1), 12–14. Retrieved from 
https://doi.org/10.3102/0013189X13520294 

Williamson, B. (2016). Silicon startup schools: technocracy, algorithmic imaginaries and 
venture philanthropy in corporate education reform. Critical Studies in Education, 1–19. 
Retrieved from https://doi.org/10.1080/17508487.2016.1186710 

Wing, J. M. (2006). Computational thinking. Communications of the ACM, 49(3), 33–35. 
Retrieved from https://www.cs.cmu.edu/~15110-s13/Wing06-ct.pdf 

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

http://paperpile.com/b/fKSTiU/VEZf5
http://dx.doi.org/10.1080/00461520.2014.916216
http://paperpile.com/b/fKSTiU/axIQ
http://paperpile.com/b/fKSTiU/axIQ
https://www.smartnation.gov.sg/
http://paperpile.com/b/fKSTiU/j1ozZ
http://paperpile.com/b/fKSTiU/j1ozZ
http://paperpile.com/b/fKSTiU/j1ozZ
http://paperpile.com/b/fKSTiU/j1ozZ
http://paperpile.com/b/fKSTiU/j1ozZ
http://dx.doi.org/10.1016/j.respol.2018.10.029
http://paperpile.com/b/fKSTiU/6lNuB
https://dschool.stanford.edu/
http://paperpile.com/b/fKSTiU/oKpCy
http://paperpile.com/b/fKSTiU/oKpCy
https://www.moe.gov.sg/microsites/cos2020/refreshing-our-curriculum/strengthen-digital-literacy.html
https://www.moe.gov.sg/microsites/cos2020/refreshing-our-curriculum/strengthen-digital-literacy.html
http://paperpile.com/b/fKSTiU/VZaGV
http://paperpile.com/b/fKSTiU/VZaGV
http://paperpile.com/b/fKSTiU/VZaGV
http://paperpile.com/b/fKSTiU/VZaGV
http://paperpile.com/b/fKSTiU/VZaGV
http://dx.doi.org/10.1007/s10956-018-9749-x
http://paperpile.com/b/fKSTiU/qPUK
http://paperpile.com/b/fKSTiU/qPUK
http://paperpile.com/b/fKSTiU/qPUK
http://paperpile.com/b/fKSTiU/qPUK
http://paperpile.com/b/fKSTiU/qPUK
http://dx.doi.org/10.1080/23735082.2017.1351577
http://paperpile.com/b/fKSTiU/17xVQ
http://paperpile.com/b/fKSTiU/17xVQ
http://paperpile.com/b/fKSTiU/17xVQ
http://paperpile.com/b/fKSTiU/17xVQ
http://paperpile.com/b/fKSTiU/17xVQ
http://paperpile.com/b/fKSTiU/ApLQ
http://paperpile.com/b/fKSTiU/ApLQ
http://paperpile.com/b/fKSTiU/ApLQ
http://paperpile.com/b/fKSTiU/ApLQ
http://paperpile.com/b/fKSTiU/ApLQ
http://paperpile.com/b/fKSTiU/ApLQ
http://timss2015.org/wp-content/uploads/2016/T15-Press-Release-FINAL-11-29.pdf
http://paperpile.com/b/fKSTiU/NXEWg
http://paperpile.com/b/fKSTiU/NXEWg
http://paperpile.com/b/fKSTiU/NXEWg
http://paperpile.com/b/fKSTiU/NXEWg
http://paperpile.com/b/fKSTiU/NXEWg
https://dl.acm.org/citation.cfm?id=2702522
http://paperpile.com/b/fKSTiU/3nJMG
http://paperpile.com/b/fKSTiU/3nJMG
http://paperpile.com/b/fKSTiU/3nJMG
http://paperpile.com/b/fKSTiU/3nJMG
http://paperpile.com/b/fKSTiU/3nJMG
http://paperpile.com/b/fKSTiU/3nJMG
http://paperpile.com/b/fKSTiU/3nJMG
http://dx.doi.org/10.1007/978-3-030-11066-6_5
http://paperpile.com/b/fKSTiU/e39Cn
http://paperpile.com/b/fKSTiU/e39Cn
http://paperpile.com/b/fKSTiU/e39Cn
http://paperpile.com/b/fKSTiU/e39Cn
http://dx.doi.org/10.1177/026327640602300242
http://paperpile.com/b/fKSTiU/kA6Cv
http://paperpile.com/b/fKSTiU/kA6Cv
http://paperpile.com/b/fKSTiU/kA6Cv
http://paperpile.com/b/fKSTiU/kA6Cv
http://paperpile.com/b/fKSTiU/kA6Cv
http://dx.doi.org/10.1186/s41235-017-0071-6
http://paperpile.com/b/fKSTiU/55xf
http://paperpile.com/b/fKSTiU/55xf
http://paperpile.com/b/fKSTiU/55xf
http://paperpile.com/b/fKSTiU/55xf
http://paperpile.com/b/fKSTiU/55xf
http://paperpile.com/b/fKSTiU/7jl5
http://paperpile.com/b/fKSTiU/7jl5
http://paperpile.com/b/fKSTiU/7jl5
http://paperpile.com/b/fKSTiU/7jl5
http://paperpile.com/b/fKSTiU/7jl5
http://dx.doi.org/10.3102/0013189X13520294
http://paperpile.com/b/fKSTiU/GptR
http://paperpile.com/b/fKSTiU/GptR
http://paperpile.com/b/fKSTiU/GptR
http://paperpile.com/b/fKSTiU/GptR
http://paperpile.com/b/fKSTiU/GptR
http://dx.doi.org/10.1080/17508487.2016.1186710
http://paperpile.com/b/fKSTiU/wfUzu
http://paperpile.com/b/fKSTiU/wfUzu
http://paperpile.com/b/fKSTiU/wfUzu
http://paperpile.com/b/fKSTiU/wfUzu
https://www.cs.cmu.edu/%7E15110-s13/Wing06-ct.pdf
http://paperpile.com/b/fKSTiU/mKdqg
http://paperpile.com/b/fKSTiU/mKdqg
http://paperpile.com/b/fKSTiU/mKdqg


21 

Worsley, P. M. (2009, May 1). 50 Years Ago: Cargo Cults of Melanesia. Scientific American. 
Retrieved 11 February 2020 from https://www.scientificamerican.com/article/1959-
cargo-cults-melanesia/ 

Wyatt, S. (2008). Technological determinism is dead; Long live technological determinism. In 
E. J. Hackett, O. Amsterdamska, M. Lynch, & J. Wajcman (Eds.), The handbook of 
science and technology studies (pp. 165–180). Cambridge, MA: MIT Press. 

Yip, W. Y. (2020). Singapore retains top spot as Asia-Pacific’s most innovative nation. 
Retrieved 4 October 2020, from https://www.straitstimes.com/singapore/singapore-
retains-top-spot-as-asia-pacifics-most-innovative-nation 

Zakaria, F. (2015, March 26). Why America’s obsession with STEM education is dangerous. 
The Washington Post. The Washington Post. Retrieved 21 July 2020 from 
https://www.washingtonpost.com/opinions/why-stem-wont-make-us-
successful/2015/03/26/5f4604f2-d2a5-11e4-ab77-9646eea6a4c7_story.html 

Zhao, Y. (2019). The Rise of the Useless: the Case for Talent Diversity. Journal of Science 
Education and Technology, 28(1), 62–68. Retrieved from 
https://doi.org/10.1007/s10956-018-9743-3 

Zuboff, S. (2019). The age of surveillance capitalism: The fight for a human future at the new 
frontier of power. New York, NY: Public Affairs. 

 

http://paperpile.com/b/fKSTiU/40erz
http://paperpile.com/b/fKSTiU/40erz
http://paperpile.com/b/fKSTiU/40erz
http://paperpile.com/b/fKSTiU/40erz
https://www.scientificamerican.com/article/1959-cargo-cults-melanesia/
https://www.scientificamerican.com/article/1959-cargo-cults-melanesia/
http://paperpile.com/b/fKSTiU/umptS
http://paperpile.com/b/fKSTiU/umptS
http://paperpile.com/b/fKSTiU/umptS
http://paperpile.com/b/fKSTiU/umptS
http://paperpile.com/b/fKSTiU/umptS
http://paperpile.com/b/fKSTiU/qAcW
http://paperpile.com/b/fKSTiU/qAcW
https://www.straitstimes.com/singapore/singapore-retains-top-spot-as-asia-pacifics-most-innovative-nation
https://www.straitstimes.com/singapore/singapore-retains-top-spot-as-asia-pacifics-most-innovative-nation
http://paperpile.com/b/fKSTiU/7nwbQ
http://paperpile.com/b/fKSTiU/7nwbQ
http://paperpile.com/b/fKSTiU/7nwbQ
http://paperpile.com/b/fKSTiU/7nwbQ
http://paperpile.com/b/fKSTiU/7nwbQ
https://www.washingtonpost.com/opinions/why-stem-wont-make-us-successful/2015/03/26/5f4604f2-d2a5-11e4-ab77-9646eea6a4c7_story.html
https://www.washingtonpost.com/opinions/why-stem-wont-make-us-successful/2015/03/26/5f4604f2-d2a5-11e4-ab77-9646eea6a4c7_story.html
http://paperpile.com/b/fKSTiU/k07iK
http://paperpile.com/b/fKSTiU/k07iK
http://paperpile.com/b/fKSTiU/k07iK
http://paperpile.com/b/fKSTiU/k07iK
http://paperpile.com/b/fKSTiU/k07iK
http://dx.doi.org/10.1007/s10956-018-9743-3
http://paperpile.com/b/fKSTiU/kdzRG
http://paperpile.com/b/fKSTiU/kdzRG
http://paperpile.com/b/fKSTiU/kdzRG
http://paperpile.com/b/fKSTiU/kdzRG

	APJE-40-4-485_cover
	APJE-40-4-485_Or
	Abstract
	Introduction
	What is STEM?
	Can we educate for creativity?
	What (science) education policy may have overlooked
	Technological determinism and/as cargo cultism
	Scientific hubris and deficit models of transmission
	The complexity of education for the economy

	STEM as an opportunity to get TSLN right
	Considering useless knowledges for the STEM curriculum
	Humanist pedagogy

	Conclusion
	References


