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Makerspaces in Singapore:             
Design, Making and Innovation 

Michael Tan 

Abstract 
In Singapore, there have been numerous calls for education to 
prepare individuals for participation in innovative economic processes, 
increasing in magnitude especially since the launch of Thinking 
Schools, Learning Nation around the turn of the century. The 
economic imperative has always been, and will probably remain for 
the foreseeable future, a prime existential driver of policy in Singapore, 
However, an argument exists that for education, more intrinsic purposes 
ought to be considered: in addition to being a more ethically defensible 
position, the non-trivial problem of predicting the future based on 
past events may pose too great a risk to policy planning, especially 
when changes take many years to see results. With makerspaces in 
education, there is great temptation to jump on the bandwagon, and 
deploy this cultural technology with little critical appreciation. In light 
of our knowledge from the deployment of computing and information 
technologies, it might be wise to consider carefully how makerspaces 
ought to be deployed. In this paper, I will expand on the foregoing 
arguments, to also make some recommendations on curricula and 
instructional principles for the wise deployment of makerspaces for high 
educative value. 

Introduction
That innovation is of core importance to many late industrialising 
nations is probably a trite understatement; especially for cities whose 
economies cannot rely on a steady demand for commodities, but 
who have to continually drive consumption of manufactured goods 
and services. For these economies, innovation underlies the value 
proposition for continued growth. As a city state with a tiny domestic 
economy, Singapore is no exception to this principle. If we are to 
consider the problem of innovation, it would be instructive to consider 
the nature of manufacturing first, in order to gather insight from the 
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processes involved, before extending educational implications. Here, 
manufacturing is not used to denote its industrial form, but rather 
to refer to its more general version of creating something artificial. 
Innovation, after all, is the process of artificing value, creating 
something where there was ‘nothing’, or rearranging whatever existed 
in ways that become valued by those who use it. While the industrial 
revolution and the age of mass manufacturing provides the illusion 
of the separation of the thinking and making processes, there are 
good reasons to consider that essentially, designing and making are 
inseparable (Ingold, 2013). One may argue that workers in production 
lines do not have a significant input to the design the finished product, 
but that form of material handling is highly specialised, and ought not 
be considered if we recognise that the rise of automation gives lie to 
the job such workers are doing—they are merely assembling, and 
the cognitive content of their production has been so deliberately and 
completely stripped that robots can do the same tasks mindlessly, 
and with higher efficiency. Even for apparently cognitive tasks, in 
a similar quest for efficiency and interchangeability of staff as in 
manual production lines, white collar work has also been increasingly 
categorised into highly discrete tasks. Cognitive sedimentation 
(Crawford, 2009) is occurring to such an extent that computer based 
agent programs are becoming increasingly capable of handling many 
routine tasks; when problems occur, or deviations from non-routine 
processes are needed, staff are often left incapable of improvising or 
deviating from established scripts (Carr, 2015). 

The purpose of the foregoing is to point to a possible reason for the 
current lack of innovation: especially in a country like Singapore, we 
have become a victim of our own successes. In the rush to attain ‘first 
world’ status, we have instituted such mechanisms as what has been 
widely acknowledged as an ‘efficiency driven education’. Under this 
system, a centrally architected program with multiple points of ‘quality 
control’ brought the nation great success in international comparisons, 
but along with it, a high degree of optimisation for a single set of 
desired outcomes, and little room for experimentation, improvisation, 
and innovation. Making, because it is inefficient, because it necessarily 
involves making mistakes, and because it involves participants taking 
risks, constitutes too much of a perceived wastage of resources. It is 
interesting to note, that for various reasons, many, if not most, of the 
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elite and more academically oriented independent and specialised 
schools in Singapore do not offer Design and Technology as part of 
the formal curriculum. While some experiences are provided in art, or 
as part of project work or in innovative instructional strategies used by 
individual teachers, the lack of formal programming in the skills and 
dispositions of invention through making ought to give us some pause 
for concern. With recent interest in design thinking, schools often offer 
enrichment programs, but without a sustained engagement in formally 
making things, the contention here is that such programs are not as 
effective in instructing students in innovation. In what follows, a review 
of the nature of tinkering and making will help to establish the basis of 
the claims made above. 

The goal of this paper is not necessarily to follow a topical interest 
and prepare a synoptic view of the optimal instructional conditions for 
the implementation of makerspaces. For instance, Blikstein (2013) 
heralds makerspaces as sites for the democratisation of invention; 
Davis, Schneider, & Blikstein (2017) develops an assessment scheme 
for making; and Sheridan et al. (2014) surveys modes of learning in 
several makerspaces. Lists of makerspace related research articles 
may be found online (see, e.g., University of Calgary, 2017; Stanford 
University, 2017). While important, the busy work of showing the 
effectiveness of makerspaces as learning environment can obscure 
both the underlying sociocultural ecosystems and frames of mind that 
support and nurture alternative forms of learning, and philosophical 
rationales to support the ends of such forms of learning. In other 
words—questions such as “Why make?” and, “what is the educative 
value of making?” remain significant questions that require attention 
before such questions as “what is the best way to carry out making 
in the classroom”. The contention here is that, as with some of the 
missed opportunities of the information and computing revolutions that 
came before this, a better approach may be to consider what has been 
termed the ‘law of amplification’—that technologies, by themselves, 
do not result in desirable changes, but merely amplify the underlying 
sociocultural conditions (Toyama, 2015). Hence, in development 
contexts for example, the application of technology based educational 
interventions often leave behind a trail of failures once researchers 
leave. Similarly, while an old finding, Larry Cuban described what 
may be ideal conditions for the implementation of technologies, to 
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find minimal shifts in learning (Cuban, 2001). It is important to start 
with the creation of an idealised learning culture, and then make use 
of technologies to amplify the learning gains. It is in consideration of 
these findings that this paper is deliberately seeks the longer term 
view with an eye to the possibility of makerspaces, as with many 
technologically dependent interventions, may not continue in its current 
form for a long time. 

What is Making?
Humans have been making things for as long as we have been 
human; in fact, anthropologists have suggested that tool use as a 
means to draw the metaphorical line between more or less intelligent 
species. While other primates have been observed to make things 
and use tools, no other species has been as prodigious as we have. 
The centrality of making to the human condition has even been 
suggested by analyses based on the principle of co-evolution of diverse 
species with its own artificial environment (see, e.g., Sterelny, 2003, 
2004). For instance, beavers, in creating a dam, are able to secure 
for themselves resources that other species are not capable of. This 
environmental modification becomes such a central feature of its 
existence that such creatures evolve to have these innate capabilities—
this is especially obvious with the ‘lower’ creatures such as ants and 
their nest building. The human species has taken this co-evolution to 
greater heights, especially with the invention of cultural technologies 
such as speech, writing, mathematics and the natural sciences. 
We have begun to evolve on a cultural level, pitting ideas against 
each other, and transmitting memetic knowledge above and beyond 
genetic information that we transmit through sexual reproduction. 
Viewed through this lens, the tenuousness of human civilisation, and 
the significance of the educative venture needs to be underscored; 
because this cultural transmission channel is not as durable and innate 
as genetic transmission, cultural knowledge can disappear, as with 
extinct languages. Closer to the focus of this paper, the particular skills 
surrounding designing and material manipulation can become lost, and 
associated with it, particular modes of innovation that depend on these 
experiences of making. For instance, in discussion with the Singapore 
Economic Development Board staff, they report that while locally 
trained engineers are theoretically competent, their expertise is of the 
routinised form, and they tend not to be able to handle challenges that 
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require adaptive expertise. Similarly, at the Singapore Polytechnic, 
there is at least anecdotal evidence that Express stream students who 
did not offer Design and Technology as one of their ‘O’ Levels subjects 
often do worse in design and engineering projects.

The value of making is in the design process that accompanies it. In 
careful analyses of disciplines that study material culture; namely Art, 
Archaeology, Anthropology, and Architecture, Tim Ingold (2013) makes 
a case against what is called the hylomorphic model of artefacts. In this 
model, which has had a history since ancient antiquity, the belief is that 
artefacts are a result of an abstract form impressing itself upon an inert 
and receptive material. With the ubiquity of industrial manufacture, it is 
easy to adopt the hylomorphic perspective; and to consider that the real 
cognitive work (and consequently, innovation) to be done at the level 
of the industrial designers/engineers who set up the production line. 
While industrial manufacture is easily dismissed, a common example 
of hylomorphism in action is the construction of buildings—here, surely 
plans have to be drawn up, in the abstract, before a single brick is 
attached to another on the worksite? Not quite; according to Ingold:

In other words, materials are never passive; forms and designs that we 
care to imagine before we set to work on materials will always have to 
work on an intransigent reality of materials that may not comply with 
the abstract forms that we imagine. Even for ostensibly solid material 
categories such as ‘stone’ or ‘metal’, which one may conventionally 
regard as unreactive and completely receptive to planned forms, Ingold 
argues that a closer examination of the processes of making will reveal 
that materials respond to processing as merely a step on their way of 
“becoming something else”:

Materials are ineffable. They cannot be pinned down in terms of 
established concepts or categories. To describe any material is 
to pose a riddle, whose answer can be discovered only through 
observation and engagement with what is there (p. 31).

Their [the artisans’] every technical gesture is a question, 
to which the material responds according to its bent. In 
following their materials, practitioners do not so much interact 
as correspond with them. Making, then, is a process of 
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correspondence: not the imposition of preconceived form on 
raw material substance, but the drawing out or bringing forth 
of potentials immanent in a world of becoming [...] It is the 
artisan’s desire to see what material can do, by contrast to the 
material scientist’s desire to know what it is, that, as political 
theorist Jane Bennett explains, enables the former to discern 
a life in the material and thus, ultimately, to ‘collaborate more 
productively’ with it (p.31, emphases in original).

If we were to consider for instance the child looking at a mass of 
materials before him, a mound of clay, paints and paper, or even 
recycled materials that may typically be found in makerspaces, the 
question never is “what design can these materials be put to use 
for”, but rather, a to-and-fro conversation, a mutual bootstrapping 
process where designerly intent is clarified as material properties are 
discovered; especially for one who approaches making for the first 
time, the conversation is one where the maker asks “can I make the 
materials do this”, followed by matter responding “yes, but it would not 
be strong”, and the design failing. The maker then has to change her 
design, and continue this process iteratively until either the maker is 
satisfied, or gives up. 

Of course, these processes will become abbreviated with experience; 
one hardly expects a practicing architect starting from scratch and 
enquiring about the strength of the reinforced concrete every time a 
project is started; similarly, the ostensible reason why material process-
ing and engineering standards exist is to ensure a certain uniformity 
and known performance under well-established conditions. The educa-
tive question that remains for us is a recounting of the famous problem 
posed by John Dewey (1963/1902): which should it be: the child, or 
the curriculum. For readers not familiar, Dewey gave the analogy of an 
explorer traversing unfamiliar terrain, and creating a map in the pro-
cess. While subsequent travellers would be well served by studying this 
map, it is important to realise that the map is not the terrain; while one 
can acquire some familiarity with the terrain, one can scarcely expect 
the traveller who has become an expert ‘in the map’ to be able to impro-
vise if, say, a bridge is washed out by a flood, or a mountain pass is 
rendered impassable by a rockslide. Returning from this analogy to the 
classroom, for students whose experience in making has been predom-
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inantly programmed scripts following closely to known paths, it would 
be similarly be unreasonable to expect students to now be able to make 
the creative leap and start exhibiting innovative behaviours. Two factors 
that appear to stand out from the above discussion into the nature of 
making, that do not appear to be strongly foregrounded in rationalised 
formal education systems, are that of the tacit knowledge inherent in 
any field of practice or any discipline; and abductive reasoning as a rea-
soning strategy that stands apart from other forms. I will go into these in 
detail in the following sections.

The point of significance here is the distinction between what can be 
represented through conventional means, and what can only be ac-
quired through performative means. While it is clear for performative 
forms of knowledge such as art or dance, this distinction is under-ap-
preciated in knowledge in the natural sciences, technology, engineering, 
and mathematics. While schools tend to focus on communicating the 
representative forms of knowledge, the knowledge production involved 
in innovation requires learners to have competency with the performa-
tive aspects of Science, Technology, Engineering, Mathematics (STEM). 
In the messy reality of the laboratory, for instance, concepts such as 
point masses, chemical equilibria, or genetic sequences do not corre-
spond nicely to readily interpretable signs. Instead, reality needs to be 
coaxed to present aspects of itself that are amenable to measurement 
and human influence, often through the intervention of devices which 
themselves are ensembles of materials which may not always function 
as designed (Pickering, 1995; 2008). Making provides opportunities for 
students to acquire expertise in such interactions, to acquire the tacit 
knowledge of how to bridge the gap between theory and practice.

Tacit Knowledge and Embodied Cognition 
Perhaps the quintessential statement of tacit knowledge belongs to 
Michael Polanyi, who suggested in his book from 1966 that we can 
“know more than we can tell” (Polanyi, 1966). Riding a bicycle, for 
instance, we have no problems maintaining our balance, while few 
can explain the decision making process of balance while cycling. 
Considering the process of making described above, the process 
of correspondence a maker has with materials must be seen as a 
process of developing tacit knowledge. For instance, a propositional 
knowledge claim of the sort that might be taught in school may appear 
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as “use a progressively finer grit of sandpaper when the surface 
cannot get any smoother.” The problem with such an instruction for the 
student encountering this for the first time is the difficulty in deciding 
if the surface truly cannot get any smoother, or if the sandpaper has 
lost its abrasiveness: should one progress to a finer grit, or replace 
the sandpaper with the current grit? The solution to such a problem 
can only be obtained from actually acting on and acquiring the tacit 
knowledge of interacting with the material. The notion of ‘mechanical 
sympathy’, where one is able to finesse the mechanical operation 
of devices, seen in, for instance, experienced mechanics’ abilities to 
diagnose problems, is another means of restating the possession of 
tacit knowledge. If, for some reason, we still privilege abstract design 
over the concrete making process, we should not be surprised that 
completely abstract practices involve tacit knowledge which cannot be 
explicated either.

Consider the tacit knowledge required to train an architect; Schön’s 
(Schon, 1987) analysis of a conversation between a student and her 
instructor during a ‘crit’ session reveals a lot about the ineffability of 
certain forms of knowledge used in design. Petra, the student, was 
struggling with fitting classroom blocks onto a landscape which was not 
conducive to her particular attempted approach. Coming from another 
perspective, Quist (the instructor) introduced a principle of working 
where one starts with a disciplined approach (which appears arbitrarily 
chosen), and then follows the implications of the approach to ‘see 
where it goes’. This approach, of course, was unknown to Petra; even 
if she had knowledge of the principle, it would have been unlikely that 
she could have applied it with the degree of fluency that Quist demon-
strated. The essential problem, as Schon highlights, dates back at least 

But how will you look for something when you don’t in the 
least know what it is? How on earth are you going to set up 
something you don’t know as the object of your search? To put 
it another way, even if you come right up against it, how will you 
know that what you have found is the thing you didn’t know?

to the time of Plato, cleverly told as the Meno paradox:
While the original paradox was the question of how one could discern 
moral virtue, the paradox similarly applies to instructing learners of 
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ephemeral rules such as design principles. Even for ideas in the natural 
sciences, it is entirely possible to know that such-and-such a principle 
exists, but not know how to use these principles, especially in contexts 
different from their acquisition. As Gilbert Ryle (1953) points out, it is 
often the case that developing nations may be able to quickly acquire 
competency in using scientific knowledge, but can remain dependent 
on other institutions with more established research traditions in order 
to generate new knowledge. While there has been discussion as to the 
nature of knowledge, and the primacy of knowing-how versus knowing-
that, it may suffice here to point out simply that there is a philosophical 
position of anti-intellectualism. This position holds that knowing-how 
is independent of knowing-that; and that it is possible to know-how, 
without knowing-that. In this sense, we see that many practice based 
disciplines to be anti-intellectual: while education, medicine, law, en-
gineering, and design appear to depend on a rich knowledge base of 
declarative knowledge, of principles and concepts that can be made 
explicit in textual forms, effective practice depends on knowing-how, 
which can only be acquired through practice itself.

In seeking scientific explanations for the existence and nature of tacit 
knowledges, perhaps our best candidate may come from embodied 
cognition. Based on the notion that the mind consists of more than just 
the brain, embodied cognition can be said to extend the exorcism of 
Descartes ghost beyond the cranium. Recall, Descartes proposed the 
existence of the immaterial soul or the Cartesian witness as the agent 
that took in and made meaning of the sense data that was entering the 
body through its sense organs. Besides being profoundly unscientific—
this could hardly be called a natural explanation; this ghost suffered 
from the problem of recursion. If we all had ghosts running our con-
sciousness, what was responsible for the ghosts’ consciousness, and 
so on. A more reasonable explanation arose out of information process-
ing and computational theory, in that neural structures could be used to 
encode representations. These structures, based on extremely simple 
physical interactions which did not require appeals to supernatural phe-
nomena, could be used to process logical operations. With mathemati-
cal complexity figured into the system, the emergence of intelligent be-
haviour could be explained; it is in this sense that the computing project 
may be said to be a program of applied psychology, in that ‘intelligent’ 
computer behaviour is proof positive that in order to have intelligent 
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behaviour, it is not required to have elements in the computing system 
that possess intelligence (Dennett, 2009).

If the mind could be exorcised of its ghostly components, and simple 
neural mechanisms could be used in concert for the emergence of con-
scious, intelligent behaviour, it would only be a matter of time that cog-
nitive scientists started to consider the body, and the rest of the material 
environment, as part of the cognitive apparatus of the mind. The anal-
ogy, attributable to Andy Clark (Clark, 1998, 2008) is as follows: just as 
the heart is a major organ of the circulatory system, so is the brain the 
major organ of the cognitive system. However, just as the circulatory 
system is incomplete without the blood vessels, the cognitive system is 
incomplete without the body—parts like the hands, the balance centres, 
the stereo pairs of eyes and ears, and the immediate physical reality 
that can be used as its own best representation. The embodied cogni-
tion project, still fairly recent, has made attempts to explain the useful-
ness of gestures and actions in cognition (Spackman & Yanchar, 2014), 
has shown interference of gestures and actions in cognition (Calvo &  
Gomila, 2008), and offered possible explanations for abstractions as 
metaphorical extensions of grounded embodied experiences (Núñez, 
2000). In education, embodied cognition has been shown to offer learn-
ers grounded experiences which are beneficial to abstract concept 
acquisition (Goldin-Meadow, Cook, & Nathan, 2009; Alibali & Nathan, 
2007; Abrahamson & Lindgren, 2014; Núñez, 2012).

Completing the circle, the tacit knowledges of design and making 
ought to be considered as developed from grounded experiences that 
enable people to obtain a firm grasp of abstract principles and concepts 
such as aesthetic appeal, intuitive user interfaces, and harmony of 
design elements, just to mention three such concepts. The embodied 
cognition perspective helps to explain why design and making are so 
dependent on material processes: without actually interacting with 
material reality, it is virtually impossible for learners to come to truly 
understand abstract principles; by extension, we can appreciate when 
designers and makers say that tinkering is the act of “thinking with 
one’s hands” (Kelley & Kelley, 2013). Correspondingly, we can also 
understand why designers (Cross, 2001; Lawson, 2004) insist on the 
physical placement of marks on paper (i.e., sketching) as instrumental 
to the design process—these actions help expand the working memory, 
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and facilitate a process of reflection-in-action (Schon, 1987). By putting 
forth one’s ideas into the world, these sketches, design iterations, and 
prototypes enable one’s idea to ‘talk back’ to oneself, clarifying one’s 
design intent, allowing one to interrogate the implications of an idea, 
and to be able to physically and metaphorically ‘walk around’ one’s idea 
in order to improve it. Especially for very early prototypes or sketches, 
the low fidelity of the attempt allows a ‘looseness’ of representation that 
makes it possible for the designer to ‘see’ how else the design could 
be. At the early stage of creativity where divergent idea generation 
is privileged, loose representations are therefore more useful in idea 
generation and the consequent innovation that arises. Considering 
divergent idea generation and innovation, it is important to consider 
the process through which design solutions are made in relation to the 
problems that are posed. In the next couple of sections, I will briefly 
discuss the nature of these problems and solutions, before proceeding 
with some educational implications.

Wicked Problems
While design and the arts share a remarkable amount of commonality, 
especially in the value placed on novelty and aesthetic appreciation, 
a significant difference comes from the focus that design has on 
solving problems. This is not to claim that artistic expression is a 
straightforward venture; the arts can be used to communicate particular 
messages and emotions, and it can be thoroughly challenging to make 
sure that there is good fidelity between intended and actual outcomes. 
Nonetheless, considering the assertion that great (product) design, 
according to David Kelley (2013), stands at the intersection of technical 
feasibility, business viability, and social desirability, a good designer 
needs good solutions to more problems than a good artist may need to 
solve. For instance, social desirability, while good for artists who may 
want some form of commercial success, can be forsaken if the precise 
goal of the artwork is to arouse negative emotions and controversy. 
To be certain, while there are regions of overlap; the distinction 
between arts and design may not be quite as distinct between design 
and technocratic problem solving. In the latter approach to solving 
problems, there is a commitment to the existence of one best solution, 
preferably derived from the application of novel technology, achieving 
a singular goal through a stepwise process that often involves 
simplification to other known problems previously solved. Loosely, 
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the technocratic approach could even be caricatured as the popular 
aphorism: “For the person who only has a hammer, all problems start to 
look like a nail”. 

In contrast, design involves the careful appreciation of the current 
status, and a close, almost introspective study of the fit of one’s 
proposed design goals with the needs of the client. This is always 
important due to the nature of the design problem—the so called 
wicked problem. Termed wicked not for its evil nature, wicked problems 
are that which resist solution. Considering the nature of problems such 
as the provision of public education, the design of buildings or public 
healthcare systems, or whenever there are no true-false solutions, 
we see that: multi-party interests need to be attended to; the ‘right 
answer’ changes every time the question is posed; solutions often 
end up causing further problems; there is often a lot of uncertainty 
and ambiguity; and the consequences for implementing a solution 
can be hard to foresee. Even for the design of day-to-day objects, we 
see these aspects clearly foregrounded: there is no such a thing as 
a ‘correct-for-all-contexts’ design for the things that we use routinely. 
The keyboard with which I am typing this on, for instance, was an 
arbitrary choice derived from the days of mechanical typewriters; the 
key positions were designed to slow typists down so as to reduce the 
possibility of jamming. ‘Modern’ keyboard designs have been proposed, 
but adoption has been slow to nonexistent due to inertia. 

Due to the elusiveness (impossibility?) of a solved-for-all-time class 
of solutions to wicked problems, all attempts at providing solutions 
must be seen as instances of closure of the is-ought gap (Nelson & 
Stolterman, 2003). Perhaps better known as the Hume’s Guillotine, 
David Hume’s name is attached to his popularisation of the idea that 
there is no logical necessity that links description to prescription. While 
he made his remarks with regard to prescribing moral principles from 
observations of the ‘natural state of things’, similar principles exist for 
innovators and designers as they propose design solutions to their 
perceptions of the way the problems are presented. In essence, when 
designers create design solutions, they are making a statement of 
designerly intent; they see the world as it is, and propose that it ought 
to be in another configuration. It is also in this light that design serves 
as a deliberate transdisciplinary approach to problem solving: as with 
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technical competency discussed above, the knowledge of the natural 
sciences, technology, engineering, and mathematics (STEM) serve as 
a means for accurately apprehending the nature of reality. However, 
STEM knowledge, which may suggest possible solutions due to the way 
the knowledge frames the perception of the problem, ultimately cannot 
prescribe ideal course of action. It is our knowledge in the humanities, 
the Arts, and philosophical deliberation that informs us of the normative 
course of action. In the words of the screenwriters for Jurassic Park; 
it is entirely possible for ‘scientists’, and those enamoured with the 
technocratic perspective to problem solving, to become “so preoccupied 
with whether or not they could, they didn’t stop to think if they should.” 
Design is just such an approach that is self-consciously aware of the 
necessity to draw from diverse disciplines in order to create appropriate 
solutions to accurately apprehended problems.

In schools, the technocratic problem solving method, interested in 
tame problems, appears the dominant approach to instructional design 
on two levels. On the level of pedagogical design, teachers have 
been shown to optimise their instruction for the singular purpose of 
improving examination results. As such, it is at least widely perceived 
that the most efficient method of instruction remains the lecture format, 
with frequent references to test-taking skills especially in the years of 
high stakes testing in years six, ten, and twelve. Almost as a direct 
consequence of this, teachers tend to avoid what are perceived as 
inefficient exercises where a lack of uniformity of outcomes can make 
assessment ambiguous. Even in Design and Technology (D&T), 
through my ongoing research research projects, I have encountered 
teachers for whom design instruction consists of activities whose scope 
for individual interpretation is so low that there are essentially only a 
very small number of ‘right answers’ for which students can expect to 
get a good grade for. 

Quite simply, it is an issue that students in schools do not get enough 
exposure to the solution of wicked problems; almost certainly, the 
dynamic, ill-structured, and uncertain environment that students must 
expect to find themselves in when they enter the world of gainful 
employment will be filled with wicked problems. Perhaps the only time 
when students can gain some experience in solving wicked problems 
may be during co-curricula activities; however, these experiences are 
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unevenly distributed among students, causing an equity concern for 
access to educative experiences. 

Abductive Reasoning
The mode of reasoning undergirding design, and by extension, 
innovation and other creative practices, is that of abduction. If wicked 
problems cannot be effectively solved via a recourse to what has come 
before, and if we cannot develop general principles that are guaranteed 
to work in all other contexts and in all other times, the only way to 
reason when faced with a wicked or design problem is through the 
process of abduction. Here, abduction is distinguished from deduction 
and induction as follows: in deductive reasoning, we start with a rule 
(e.g. all chalks are white), we notice a case (this is chalk), and then we 
have our result (this chalk must be white). Conversely, for induction, 
we begin with a case (this is chalk), note the results of investigation of 
this case (this chalk is white), and can then infer a rule (all chalks must 
be white). Abduction is the unusual mode of inference, in that it starts 
with a result (this is white), followed by a rule (all chalks are white), and 
infer a property of the case (this could be chalk). Notice that abductive 
reasoning is distinct from deduction in that while deduction provides for 
necessarily true inferences, abduction does not.

In most learning carried out in school, a typical approach to reasoning 
would involve teachers as epistemic authority presenting cases, truth 
claims to be accepted on the authority of the teacher or her trusted 
sources, from which students are supposed to obtain the inductive 
inference of abstract knowledge claims. For instance, in the natural 
sciences, during lectures (and more rarely, in demonstrations), 
teachers point out interesting phenomena, from which general 
scientific principles are introduced. Conversely, in exercises, students 
are supposed to deductively apply these principles in contexts which 
increase in dissimilarity from the contexts of its acquisition. The fact that 
we are able to send off space probes to the outer reaches of the solar 
system and beyond, and gain useful knowledge from such ventures 
is amazing evidence for the stability of the natural universe and our 
ability to understand it through these reasoning processes. It may be 
tempting to believe then, that because scientific and technological 
knowledge appears to grow via inductive accretion of ‘facts’ and 
deductive application of principles into new contexts, that these 
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reasoning strategies are most important to communicate to students. 
This, however, is likely to be wrong, as it confuses the logic of reporting 
with the logic of discovery. 

Essentially, recent studies into the practice of scientists reveal an 
approach which may better characterise the scientific method, as 
practiced, as being more designerly in nature than the classical 
inductive “scientific method” that we usually introduce to students. 
For instance, Robert Milikan proposed evidence for the quantisation 
of the electronic charge, after measuring the values of the charges 
of oil drops suspended in an experimental container. In contrast to 
Felix Ehrenhaft, who pursued a more classical approach, Milikan was 
ultimately found to have discarded data points that did not fit in with 
his initial hypothesis (Niaz, 2005). While on the one hand appearing 
very closely to resemble scientific misconduct, Milikan was eventually 
cleared of any wrongdoing, and his findings are widely reported in 
scientific textbooks without attention to any hint of the controversy. 
Similarly, James Watson and Francis Crick pursued the structure of the 
DNA macromolecule via an iterative physical model building method, 
and then checking experimental data to see which of the pieces 
best corresponded to the model that they had built, and then either 
discarding data or model as they deemed fit (Weisberg, 2006). Again, in 
competition with a rival group which proceeded via a stepwise method 
determined to discern only what the data could tell them, the Watson 
and Crick method produced the correct model, before rivals Rosalind 
Franklin, Linus Pauling, and others. Finally, we should all be familiar 
at least with the methods of Albert Einstein, who famously performed 
thought experiments based purely on conjectures taken to their logical 
end. When collected, it becomes clear that the practice of science is 
an imaginative and creative activity, and that the logic of discovery has 
been widely mis-characterised. Instead of being inductive, scientific 
knowledge grows via an abductive inference process, whereby scientists 
abduce what could be the case, and then proceed to investigate the 
implications of these suppositions (see, e.g., Lawson, 2005; 2010).

It is in this nature of the problem solving approach that the design and 
innovation shares with innovation in scientific knowledge. Abductive 
reasoning takes place in all practice-based disciplines, most obviously 
in Detection, Diagnosis, and Divination (Shank, 1998). For a very clear 
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instance, when one presents oneself to a physician with an apparent 
illness, the physician takes in the symptoms (result), considers the 
known medical knowledge regarding symptoms and illnesses (rule), 
and then issues a diagnosis (case) of the condition that ails one. A 
similar reasoning pattern occurs when a mechanic diagnoses a car that 
will not start, or when a designer determines that the optimal design 
given client needs is of a particular form, or when a teacher decides on 
an instructional strategy given a particular set of student characteristics. 
In all of these cases, what is common is that the amount of experience 
that the practitioner possesses helps determine the accuracy of the 
diagnosis; certainly that is one reason why tend to trust more senior 
physicians to medical students. In all of these cases, as with abductive 
reasoning in general, a general epistemic risk exists—one can never 
be completely certain if the diagnosis is accurate. Finally, the only 
way in which one becomes more adept at abductive reasoning, is in 
the practice of abductive reasoning; textbook knowledge and abstract 
preparation will not necessarily help the pre-service teacher (say) in 
deciding instructional strategy when suddenly thrust into a class and 
school context that does not present itself in ways resembling the rules 
that one can be intellectually prepared for. 

Indeed, we return to the observation that much of practitioners’ 
significant knowledge is tacit, anti-intellectual knowledge-how, and a 
longing for algorithmic if-then rules can only provide a crutch when the 
inevitable case of non-conformity to known rules emerge. Practitioners 
need to know which risks can be taken, and which ought not to, 
in dynamic contexts which do not necessarily resemble textbook 
cases. Of course, this is not to say that intellectual knowledge is not 
necessary—we of course demand that our doctors and educators know 
what they are talking about when they do their jobs. Nonetheless, the 
argument here is in support of practical knowledge, acquired through 
practice, not merely as a means to improve student outcomes in design 
and more practical/manual/menial professions, but also to better 
ensure higher quality outcomes for people involved in, for instance, 
academic research or perhaps even computer application development, 
traditionally perceived as purely abstract work. The curriculum 
argument here is for a better appreciation of abduction as a reasoning 
practice that is far more common than realised, but is seldom formally 
recognised as such. 
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The Role of Technology in Making and Design
Technology and making develop hand in hand—improved technologies 
allow enhancements to the way we can create instruments and tools to 
eventually manipulate materials to make even better instruments and 
tools, and so on, recursively. Over generations, materials and artefacts 
become, paraphrasing Isaac Asimov, so sufficiently developed that they 
must be indistinguishable from magic if we had the opportunity to present 
them to people living even a short century ago. In fact, for most people, 
technologies that we currently use on a day to day basis remain largely 
magical devices for which even the functioning principles are not well 
known. For example, few people can begin to diagnose failures even in 
fairly simple mechanical devices such as the internal combustion engine 
which many rely on on a daily basis to solve our transportation needs; let 
alone sophisticated electronic or mechatronic systems in smartphones 
and other intelligent devices. In this regard, the role of makerspaces, 
specifically the reverse engineering, tinkering, reuse and improvisation 
that is characteristic of hacking appears to fill an unmet need among the 
possible educative experiences that schools may provide.

Hacking, while now currently used in the vernacular to mean nefarious 
computing activity associated with information theft, vandalism, and 
other illegal actions, has not always been associated with crime. In fact, 
the original hackers were the early pioneers of the computing revolution; 
when computers first arrived, they filled huge halls, and could only be 
afforded by large, wealthy organisations, often for very serious work, 
for example, in atomic bomb design calculations. The early hackers 
were the ones who learned about these systems, and made small, but 
crucial improvements and modifications to hardware and software, to 
enable these machines to do things that they were not initially designed 
to do (Levy, 2001). It would not be too much of a stretch to say that we 
should be thankful to hackers for the personal computer revolution. 
For instance, one could safely characterise the computing time that Bill 
Gates acquired without permission from Harvard University (Isaacson, 
2014) as outright theft in today’s terms. Yet without those transgressive 
actions of questionable legality then, the first popular personal computer 
operating system would not have been developed, and the computing 
era that we enjoy now may not have been as we now know it. In this 
document, all references to hackers and hacking will employ this more 
positive version of the term.
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Of the values of the early hackers espoused, perhaps most relevant 
from an educative perspective is that of a self-reliant empowerment 
of individuals through the acquisition of knowledge of tools and 
technologies. Seeking to break the knowledge monopoly held by 
individuals and organisations for what had been deemed as unethical 
profiteering, many hackers believe in the notion that ‘information wants 
to be free’. This aphorism is widely attributed in recent times to Stewart 
Brand, founder of the Whole Earth Catalog, a magazine dedicated to 
providing “access to tools, information, and ideas”. In its ambiguity, 
the essential distinction lies between free as in libre or gratis; while 
both senses of the term are often used, for example, in open source 
software applications, the more important sense for many hackers is 
that of unfettered access to knowledge—libre. It is this idea of liberal 
access to important forms of knowledge in our society that drives public 
schooling to essentially give away knowledge for free; as societies, 
we collectively claim that some forms of knowledge are important 
enough that as many people as possible are given unfettered access 
to them; in fact, we often consider people deficient in some ways if they 
do not possess these knowledges. Yet, even though so much of our 
contemporary lives are dependent on technological devices, schools 
freely collude with knowledge monopolies, serving as their gatekeepers, 
while they make money off our mass ignorance of knowledge made 
deliberately obscure. Such a state of affairs is ethically dubious to 
the hacker, for whom attempts to block access represent illegitimate 
theft from the commons of knowledge that ought to belong to society 
at large. Given that funding for research projects often derives from 
public sources, it is deeply troubling for entrepreneurs to subsequently 
patent and derive profits from research projects, such as in the recent 
case of the epinephrine auto-injecting device epi-pen. In this light, 
sites such as iFixit, in publishing detailed how-to repair guides to 
devices made by Apple Corporation and other manufacturers, serve to 
continue the hacker agenda of ‘setting information free’, of providing 
people the knowledge to empower themselves while corporations erect 
increasingly difficult barriers to access. 

Considering the increasingly central role of technological tools in our 
lives, the imperative for learners to understand how these systems work 
becomes stronger. In educating our youth about the role of technology 
in their lives and their place in sociocultural networks, I take the critical 
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perspective that learning about these systems constitutes merely 
an entry level curriculum objective. Instead, what ought to be more 
important is their competence in taking actions to gain agency in their 
lives. Here, it is important to recognise the inherent tension—while 
it can be fashionable among certain circles to advocate for greater 
individual autonomy and agency, it needs to be recognised that these 
values need to make sense within the larger socio-political context 
which learners will find themselves in. On the other hand, especially 
for strong states such as Singapore, it is possible for tradition and 
established forms to be overstated. Innovation often presents itself 
in forms that do not seem to fit into established categories, and can 
appear to be disruptive; learners need to manage the careful dance 
of appealing to what has come before, yet demonstrating itself to be 
novel and of value to all. Part of the task of education needs to be in the 
empowerment of individuals in demystifying the magic of technology, 
preferably in projects that offer them opportunities to take action to deal 
with authentic wicked problems of social importance.

Too often, we look at technologies as promising to be the magic bullets 
that will purportedly change the world. In technology circles, there 
has been no shortage of attempts to ‘fix’ education with the latest 
technologies (Cuban, 2001; 2004), from early claims that radio, motion 
picture, and television would handily displace the need for teachers 
lecturing in the classroom. The rise of computing technologies have 
been accompanied with similarly hyperbolic claims about intelligent 
tutoring systems, MOOCs, and the abilities of data science to 
revolutionise learning. While the veracity of these claims are not of 
direct interest to this paper, it is useful nonetheless to consider the 
cases brought together by Kentaro Toyama. A former assistant director 
of Microsoft Research India, the prevailing wisdom of technology driven 
projects such as the One Laptop Per Child or Sugata Mitra’s Hole in 
the Wall project was that students in developing nations, merely given 
access to sources of information and appropriate tools, would be able 
to lift themselves out from poverty. In closer examination, the success 
of many of these projects are more likely to result from the hard work of 
changing people's intentionalities than by the existence of technology 
in itself. Toyama uses the law of amplification—the observation that 
technology only serves to amplify the underlying human intention—to 
study several cases of development projects which failed and others 
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which succeeded. Essentially, the point to be made here is quite simple; 
especially in school settings where epistemic and moral authority is 
heavily vested in the teacher, it is tempting to suppose that instruction 
in making and makerspaces ought to be about how to use the 
machines and technologies. However, if what is desired are expanded 
notions of educational goals, to include such ambitions as developing 
innovative mindsets, it would be more productive to privilege instruction 
that changes mindsets, and then to use technology to amplify these 
changed intentions and dispositions. While Toyama appears to 
advocate changing mindsets prior to technological amplification, I 
would argue that a mutual bootstrapping operation may be a possibility, 
especially if some simpler technologies can help to provide grounding 
experiences for abstract concepts at the earlier stages. Nonetheless, 
the lessons provided by careful analyses of technologically driven 
projects needs to be learnt: cultural change requires the hard work of 
changing human intentions, for which the role of technologies has at 
best a controversial role. For design, tinkering and making, a focus 
on low-technology instructional strategies may not be inappropriate, 
especially if these strategies remain true to communicating vital 
disciplinary ways of seeing, thinking, and being.

Making and Makerspaces as (Cultural) Technology
It should be quite clear from the foregoing that any form of practice will 
necessarily be accompanied by particular tacit knowledges that arise 
as a consequence of the social and material interactions surrounding 
the tasks. Different material environments provide different affordances 
and limitations that can influence innovative outcomes. There exists 
a mutual interdependence between the design of objects and the 
physical interaction with reality. For instance, Kabayadondo’s (2016) 
paper comparing material cultures at the Stanford ‘d.school’ and in 
a hospital setting in impoverished Zimbabwe, the physical state of 
disrepair, even with recycled/repurposed materials apparent in the 
latter context, places barriers to the kinds of innovativeness one may 
consider plausible. The cognitive is restrained by the physical: the kinds 
of thoughts that may have contributed to innovation in Silicon Valley 
are impeded by physical barriers once transported to the Zimbabwean 
context. Conversely, the Indian attitude of jugaad, seen as an organic 
response to deprivation, itinerancy, indolence, and a generalised lack 
of know-how, has been rebranded from desperate acts of necessity 
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in order to make-do and get by (disregarding the risks involved) to a 
certain sense of celebrated, frontier ethic (Birtchnell, 2011; Radjou, 
Prabhu, & Ahuja, 2012; Singh, Gupta, & Mondal, 2012). Originally 
referring only specifically to jalopies, jury rigged vehicles made to 
extend their life, carrying capacity or off-road capabilities, recent years 
have seen the concept of jugaad take on positive connotations of the 
Indian way of innovation and attitude to management of pervasive risk, 
to now become a veritable design principle, not unlike a concept such 
as agile development in programming. 

The point is that the socio-material environment plays an important 
role in the process of innovation: through interactions with materials 
and objects, certain kinds of thought become selectively more or less 
possible; on the other hand, certain kinds of actions on objects may 
be ‘distilled’ and transcend the contexts of its generation and serve 
as productive metaphors. Indeed, the principle and mental attitude of 
‘hacking’ (see, e.g., Levy, 2001; Nikitina, 2012), originating from pre-
computing times, would not be altogether inappropriate to describe 
jugaad (except perhaps for hacking’s emphasis on the fun, autodidactic 
aspect of the process). Significantly, learning these metaphors and 
dispositions require grounded experience—the educative value of 
makerspaces extends beyond induction into ‘working with hands’, but 
as sites where metaphors, operating heuristics, and design principles 
for different forms of material culture may be acquired. 

Educational Implications and Prospects for Makerspaces 
in Schools
If we attend to the assembled arguments here, the picture emerges 
of a curriculum argument for making and makerspaces that goes 
beyond what may be conceived as a more traditional approach. To be 
precise, there appears to be a long standing bias towards what may be 
termed as a ‘formalism first’ perspective in formal schooling (Nathan, 
2012)—this approach, perhaps deeply rooted in Western philosophy 
and thought about the nature of consciousness, has it that formalisms 
and abstractions hold a special position, and ought to be communicated 
preferentially to learners. Nathan notes that:

Traditional Western philosophy, from Plato (c. 400 BC) to Hume 
(c. mid-18th century), considered the “detached theoretical 
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viewpoint” to be superior to “everyday practical concerns” 
(Dreyfus, 1991, p. 6). Inquiry was elevated to its highest 
form when it was purely for the pursuit of knowledge and 
offered no direct application (Stokes, 1997). Plato (trans. 
1992) considered the “philosophical arts” in higher regard 
than the “manual arts.” Consequently, the elite of the Hellenic 
and Greco-Roman eras held the use-oriented engineer and 
technologist in contempt (Stokes, 1997). Manual labor was 
relegated to those of lower social status, often slaves.

It is often argued that since abstractions transcend the contexts in 
which knowledge is generated, it is therefore of greater utility to focus 
on such abstractions. Especially in assessment driven schooling 
culture such as Singapore, it is not hard to see how this can lead 
inexorably towards conditions where abstract formalisms become the 
main feature of schooling, and an apparently manual concern with 
construction with materials take on a subsidiary concern, unless a 
gloss of ‘learning about STEM concepts’ is nervously applied to the 
process. To be sure, as with Nathan, I am not proposing to unseat 
the usefulness of conceptual abstractions; these do excellent work 
as means to codify knowledge in elegant and efficient ways and do 
deserve to be communicated to learners. However, what may be a 
matter for contention is the instructional sequencing, and the educative 
benefit of practical activities. Here, the argument that has been made 
by Nathan that a formalism first perspective, among other things, can 
be profoundly disengaging to students. 

Making and makerspaces, then, have to be considered not only as 
places where students get to ‘apply’ abstract theoretical knowledge 
that they are expected to acquire in classrooms. The situation needs 
to be considered in the reverse, with makerspaces as sites where 
curious, discrepant, or puzzling phenomena confront students to provide 
the impetus to learn what accounts to socially accepted norms for 
abstracting pertinent features of reality. In a sense, makerspaces can be 
seen as an attempt to provide a response to the quintessential questions 
of learning: Why teach Science/Math/the Humanities? Why learn? 
The established Singaporean response, ‘because economy’ needs to 
be seen as insufficient, in that it is increasingly recognised that even 
for economistic goals, an ostensibly well trained population versed in 
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theoretical formalisms can hardly be expected to transfer their learning 
to diverse future practical contexts. This is especially the case given 
the uncertain futures and widely acknowledged disruptive nature of 
sociocultural changes extrapolating from an already uncertain present. 

If experiences in deployment of computing tools in educational 
settings are anything to go by (see, e.g., Cuban), the last thing that 
policymakers can expect are the introduction of prepackaged, teacher-
proof lesson units that current teachers can be safely expected to easily 
implement. In the first place, the curriculum goal of ‘innovativeness’ 
needs better explication and translation to different sets of expectations 
of behaviours in different contexts. Considering the STEM disciplines, 
rather typical contexts for the pursuit of making activities, making 
and makerspaces can be rather productive contexts for students to 
explore the creative nature of science. In contrast to currently dominant 
approaches which consider STEM knowledge to be a static body of 
knowledge for which scholarly reverence needs to be cultivated, current 
academic consensus is that scientific knowledge continues unabated 
growth and change; it is tentative yet durable. While it is considerably 
easier to communicate and assess competence in the durable aspect 
of knowledge, the tentative nature of knowledge is certainly much 
more difficult. Teacher attitudes to facilitating instructional activity in 
makerspaces will also need corresponding changes. Instead of playing 
the role of epistemic authority, teachers will need to model an open-
minded attitude toward inquiry activities.

The value proposition for making in makerspaces lies predominantly 
in creative problem solving activities as practice in innovation. The 
predominant condition for the authenticity of this form of learning is the 
open-ended, multiple solutions of equivalent value. This is dramatically 
different from the close-ended, “single right answer” type of problem 
that is usually found in science and mathematics classes. One 
pedagogical solution to the demands posed by this form of instruction 
lies in design studio pedagogy (Dutton, 1987; Salama & Wilkinson, 
2007).This approach has been used successfully, as the term suggests, 
in design studios, where there is an emphasis on mentorship, making 
ideas visible, and learning to make better practice based decisions by 
learning through mistakes. A key learning process that occurs in studios 
is that of the ‘crit’, a critique session where ideas are put forth, and 
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students’ attempts at abductive reasoning are improved via teacher 
modelling of the experienced dispositions, revealing insights into what 
may be particular ways of being creative.

Conclusion 
Making and makerspaces have certainly attracted a lot of attention in 
the recent years, with promises made by all regarding the potential 
educative value of such activity. It is probably fair to say that a certain 
degree of the current research and implementation success that has 
been documented may occur simply due to its novelty. This is not to 
dismiss the disruptive potential of makerspaces, but to point out that 
much research and development needs to be done. Questions remain 
as to the ideal curriculum and the particular instructional strategies to 
achieve the diverse possibilities for learning in makerspaces. As Bevan 
and associates (2015) remind us, the situation can be described loosely 
as “It looks like they are having fun, but what are they learning?” While 
the low hanging fruit of ‘student engagement’ and ‘STEM interest’ is 
being plucked, much work still remains in cultivating trees that will bear 
even sweeter fruit in the future. Opportunities exist now to move away 
from the industrialised mode of schooling, and to seek more educative 
forms. It would be remiss to not make long term investments in them, 
and instead allow making to become the next in the line of passing fads 
to influence schooling.
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