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Sc i ence  Educa t i on ,  I n nova t i on  and  Make r spaces :  Educa t i ng  i n 
a  Pos t -Goog l e  Wo r l d

By Michael Tan
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In considering how science instruction 
in Singaporean classrooms ought to 

be in the coming years, a prime concern 
will be the advent of contemporary 
technologies. It is suffi cient to simply 
point out the well-worn clichés of 
“unprecedented”, “VUCA”, “21CC”, or 
some manner of anxiety causing terms 
to indicate that we cannot continue the 
status quo. While tempting, I would rather 
put a spotlight on the simple observation 
that the practices of science have not 
received as much attention as the 
products of scientifi c investigation. What 
gets lost in this approach has been the 
creative nature of science: how scientists 
approach the diffi cult problem of creating 
new knowledge through empirical 
investigations; and the relationship 
between abstract knowledge claims, and 
the practical investigations that need to 
be done to advance knowledge claims. 
In this regard, the widely touted need for 
innovative dispositions for economistic 
reasons could be satisfi ed by merely 
communicating a more accurate picture 
of science to students. 

How are Scientists Innovative?

In the natural sciences, knowledge is 
generated in empirical interactions. 
Knowledge is not simply “out there” 
awaiting discovery but rather, is created 
and validated within the scientifi c 
community, with empirical interactions as 
neutral arbiter of correctness. Scientists 
witness events discrepant within their 
current framework of understanding, 
propose candidate explanations then 
test predictions of their explanations 
against reality. This approach utilises 
abductive reasoning, where guesses 
are made based on a combination of 
prior knowledge and an initial evaluation 
of the circumstances. These guesses 
are necessarily prone to error and the 
inevitable disappointment of “failure” 
when best efforts are met with empirical 
evidence of mismatch between theory 
and reality. Scientists need to learn from 
these failures and continue refi ning their 
guesses for better fi t. This reasoning 
process incidentally occurs in other fi elds, 
notably in design, or practical professions 
such as engineering, medicine, or 
education. 

Several outstanding examples include 
Einstein’s gedankenexperiment, which 
was essentially “what-if” suppositions 
that took years between proposal and 
empirical verifi cation; the discovery of 
Neptune based on observations of the 
irregular orbit of Uranus; Watson and 
Crick’s superior method of discerning 
the DNA double helix structure based on 

modelling proposed chemical structures 
and then working out the expected 
empirical fi ndings; and many others. 

Classroom Science

While it may seem most effi cient to 
consider talking as teaching and listening 
as learning, contemporary evidence has 
shown that such forms of learning provide 
little else beyond utility in direct recall 
for standardised testing. If we consider 
alternative curriculum goals such as 
innovativeness to be important for science 
classrooms to achieve, conventional 
approaches need to be considered as 
inadequate. Even if these alternative 
goals are considered to be temporarily 
beyond the reach of the immediate 
classroom context, it is important to 
consider an appropriate relationship to 
the nature of science as a core curriculum 
goal for schooling. In this regard, 
understanding the practices of science 
must be considered as the “missing link” 
preventing conventional classrooms from 
accurately communicating science to 
learners. The stakes here are high. Given 
that scientifi c and technological issues 
bear upon almost every aspect of our 
contemporary lives, miscommunication 
could lead to citizens having unreasonable 
expectations and to seek inappropriate 
kinds of solutions. The perspective here is 
that science education cannot be merely 
thought of as a means for preparing 
“human resources” for the economy. 
Instead, science needs to contribute 
to citizens’ widened possibilities for 
understanding and decision making in 
futures that have never been, or unlikely 
to be, certain and predictable. 

Makerspaces

To attend to these concerns, 
makerspaces need to be considered 
as an interesting context for the pursuit 
of these goals. While recent excitement 
surrounds technological innovations such 
as digital design and fabrication tools, 
it is easy to lose sight of the purpose of 
these makerspaces. They should not be 
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used as interactive museums or training 
spaces for these technologies, but rather, 
as collaborative experimental spaces 
in support of student initiated goals. 
Seeking to learn from the mistakes of 
past technological deployments, it is 
important not to simply immerse students 
in the emblematic project forms du jour. 
Instead, a key feature of makerspaces 
that needs to be exploited are the tools’ 
capacity for the fabrication of a wide 
range of possible “inventions”. Whereas 
in the past, students imaginations had 
to be limited to what could be fabricated 
by hand, the contemporary makerspace 
affords its users a wide range of 
possibilities for exploration. Nonetheless, 
as with any technological innovation, 
there is probably no implementation that 
can succeed without effective human 
interaction. Here, teachers still play the 
most signifi cant role in the success of 
makerspaces or otherwise. Teachers 
need to depart from the role of epistemic 
authority in the classroom, the fi nal arbiter 
of truth, and become mentors, coaches, 
and facilitators of inquiry. This position 
can be profoundly unsettling to teachers 
accustomed to classroom management 
strategies based on centralised control of 

knowledge. Also challenging will be the 
abilities of teachers to provide just in time 
instruction; such an approach is foreign 
to the dominant industrial paradigm of 
the last century but unfortunately still 
commands attention in our time. 

We return once again to thinking about 
the shape of schools in relation to 
societies. That schools are conservative 
organisations bears no need for 
repetition. Yet, despite changes in the 
way industrial production is organised, 
not to mention the kinds of individuals 
needed for the democratic and equitable 
functioning of society, schools still 
operate as they did; if not in form, at least 
in intent. The future for science education 
needs to seriously take into account 
these changes, and paradoxically attend 
to classical problems so as to better 
prepare for uncertain futures.
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