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Makerspaces (MS)

"informal sites for creative 
production in art, science, and 
engineering, where people of all 
ages blend digital and physical 
technologies, to explore ideas, 
learn technical skills, and create 
new products." 

(Sheridan et al., 2014)

About MS
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A new learning 
practice

Productive STEM identity

Broaden STEM participation

8000+ tinkering spaces in India

Open-ended; no or flexible curriculum; 
interest-driven; material-based 
exploration; facilitation; constructive 
feedback; interdisciplinary; concepts 
recruited in context of construction

MS in 
education
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Creative and intellectual risk 
taking | (Bevan, 2017; Peppler, 
2016)

Productive STEM identity | 
(Quinn & Bell, 2013; Bevan, 
2017; Buechely, 2008; Kafai, 
2010; Peppler, 2013)

Personalization 
| (Blikstein, 2013; 
Martin & Dixon, 
2013)

Playful 
experimentation | 
(Regalla, 2016)

Collaboration-through-air | 
(Halverson et al., 2018; Litts, 
2016; Kafai & Harel, 1991)

Iterative 
prototyping | 
(Vossoughi, Escudé, 
Kong, & Hooper, 
2013; Tseng, 2016)

Informal 
documentation | 
(Peppler, 2013; 
Vossoughi et al., 
2013)

Feedback | 
(DiGiacomo et al., 
2016)

Drafts | (Vossoughi et 
al., 2013; Vossoughi & 
Bevan, 2014; 
Vossoughi et al., 
2016)

Connecting to local 
culture | 
(Calabrese-Barton & 
Tan, 2018; Fields & 
King, 2014; Vossoughi 
et. al., 2013)

Productive STEM identity | 
(Quinn & Bell, 2013; Bevan, 
2017; Buechely, 2008; Kafai, 
2010; Peppler, 2013)

Productive failure | (Blikstein, 2013; 
Martin, 2015)

Conceptual learning | 
(Peppler 2013; Blikstein, 
2013; Wohlwend et al., 2016; 
Brahms & Crowley, 2016; 
Kafai, 2014)

Adaptive expertise | (Martin & Dixon, 
2016; Blikstein, 2013)

Identifying, 
organize, and 
integrate | (Gravel 
et al., 2018)

Taking up 
leadership 
role | (Buchholz 
et al., 2014)

Existing Characterization of MS practices
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How do the body and actions 
advance learning in MS?

Gap
How could this process lead to new 
forms of embodied learning?
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Tool Incorporation Common Coding

Two Possible Enactive Mechanisms
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Tool 
Incorporation

● Tool use extends body schema. Users 
'incorporate' the tool into the body 
(Maravita and Iriki 2004).

● Incorporation extends the imagination 
capacities of the user.

● Incorporation of external entities (Farne 
et al. 2005).

action-imagination space expands on 
incorporating the tool
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Tool use extends the body schema and the peripersonal space. (Figure based on Maravita & Iriki, 2004.)



Common 
Coding

● Perception and imagination of 
movements activates the motor system

● Execution of movements improves 
perception and imagination of 
movements

● First articulated by Prinz (1992), later 
supported by discovery of mirror 
neurons (Di Pellegrino et al., 1992)

● Body based resonance -> replicates 
movements it detects generating 
internal representation

perception, execution and imagination of 
movements share common representation in the 

brain 
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Forward
 Model

● Actions controlled and predicted by 
internal forward models (iFM)

● All actions involve a minimal 
imagination element, which seeks to 
predict the consequences of the action 
(Wolpert & Kawato, 1998)

● FM to play role in estimation of dynamic 
properties of manipulated objects 
(Davidson & Wolpert, 2005)

● FM to predict movements of inanimate 
objects and serial events (Schubotz, 
2007)

12



Iterative 
Prototyping

Creating multiple 
drafts of the 
product and 
revising them 
iteratively

(Vossoughi, Escudé, 
Kong, & Hooper, 
2013; Tseng, 2016)

Playful 
Experimentation

Exploring 
different aspects 
of the prototypes 
without 
predefined goals 
or procedure

(Regalla, 2016)

Feedback

Repair-friendly 
feedback; further 
experimentation 
and intellectual 
risk-taking

(DiGiacomo et al., 
2016)

Collaboration 
through air

Ideas, tools, 
techniques 
“picked up” 
unpredictably, 
without “explicitly 
coordinated 
goals”

(Halverson et al., 
2018; Litts, 2016; 
Kafai & Harel, 1991)

Process Account of MS Constructs
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Tool use Action Space

Incorporation and Forward Model

Imagination Space Thinking with 
tools

Building
Prototypes (P)

Mutates the 
action space

Imagination Space 
also mutates

Thinking with 
prototypes

Chain of 
embodied 

learning and 
imagination

Source(L-R): 
Single Leg Mechanism MichaelFrey, CC BY-SA 4.0 
<https://creativecommons.org/licenses/by-sa/4.0>, via Wikimedia Commons
6 Leg mechanism MichaelFrey, CC BY-SA 3.0 
<https://creativecommons.org/licenses/by-sa/3.0>, via Wikimedia Commons
Paper Prototype 
https://www.instructables.com/Papercraft-Theo-Jansen-Walking-Machine-Making-Pa
pe/

Iterative Prototyping
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Prototype 1

Seeded by incorporation of 
previous prototypes (P1 - P2 - 
…)

Emergence of 
evaluative 
neural network

Development of 
this evaluative 

module is a key 
embodied 

learning effect of 
MS, which is not 
possible without 
prototypes and 

playful 
experimentation

Branching into several 
possible prototype 
ideas

Prototype 2 Prototype 3
Prototype 4

ex2

ex3

ex1

…

Selection of 
productive ones 
by the maker

Playful Experimentation
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Overlapping Making Space

M1

Such 'recombinant enactions' generate 
new making spaces, and thus embodied 
learning (Rahaman et. al., 2017) 

Coupling

----
---- M2

Imagination 
Space M1

Imagination 
Space M2 

Feedback on Prototypes
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Ideas, tools , techniques “picked 
up” unpredictably, without 
“explicitly coordinated goals”

(Halverson et al., 2018; Litts, 2016; Kafai & 
Harel, 1991)

M1 M2
Resonance Effect

Common 
Coding

Forward 
Model

Makers resonate 
each other’s action

Ideas Tools

Techniques

Leads to minimal 
ability to replicate 
others’ use of 
tools and 
prototype

Incorporation of 
prototype, resonance 
generates new and 
extends 
action-imagination 
spaces

Action Space

Imagination 
space

Joint

Collaboration-through-air
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Eco-socio-technically 
driven

Socio-technically 
driven

Microfluidic lab-on-a-chip

Techno-scientifically 
driven

Paper-fuge Danish Wind Technology

(Bhamla et al., 2017)(Aurigemma et al., 2013) (Date et al., 2019)

Making at the Frontiers
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Developing EC models of frontier 
practices and MS practices could give 
direction to redesign MS to support 
frontier practices.

● formal (equation, simulation) 
models 

● socio-political contexts 
● collaboration across multiple 

stakeholders

Embodied cognition analyses could 
help navigate these design question

Such frontier 
practices are not 
supported by MS

How can MS 
change to support 

such practices? 

19



Select References
Aurigemma, J., Chandrasekharan, S., Nersessian, N. J., & Newstetter, W. (2013). Turning experiments into objects: The cognitive processes involved in the design of a lab‐ 
on‐ a‐ chip device. Journal of Engineering Education, 102(1), 117-140.

Barton, A. C., Tan, E., & Greenberg, D. (2017). The Makerspace Movement: Sites of Possibilities for Equitable Opportunities to Engage Underrepresented Youth in STEM. 
Teachers College Record, 44.

Bevan, B. (2017). The promise and the promises of Making in science education. Studies in Science Education, 53(1), 75–103. 
https://doi.org/10.1080/03057267.2016.1275380

Chandrasekharan, S. (2014). Becoming Knowledge: Cognitive and Neural Mechanisms that Support Scientific Intuition. In Osbeck, L., Held, B.(Eds.). Rational Intuition: 
Philosophical Roots, Scientific Investigations. Cambridge University Press. New York.

Chandrasekharan, S. (2009). Building to discover: a common coding model. Cognitive Science, 33(6), 1059- 1086.

Chandrasekharan, S., & Nersessian, N. (2015). Building Cognition: the Construction of Computational Representations for Scientific Discovery. Cognitive Science, 39, 
1727–1763.

Date, G., Dutta, D., Chandrasekharan, S. (2019). Solving for Pattern: An Ecological Approach to Reshape the Human Building Instinct. Environmental Values, DOI 
10.3197/096327119X15579936382653.

Gravel, B. E., Tucker-Raymond, E., Kohberger, K., & Browne, K. (2018). Navigating worlds of information:

Halverson, E., Litts, B. K., & Gravel, B. (2018). Forms of emergent collaboration in maker-based learning. International Society of the Learning Sciences, Inc.[ISLS].

Halverson, E. R., & Sheridan, K. (2014). The Maker Movement in Education. Harvard Educational Review, 84(4), 495–504. 
https://doi.org/10.17763/haer.84.4.34j1g68140382063 

Heymann, M. (2015). Engineering as a Socio-technical Process: Case-Based Learning from the Example of Wind Technology Development. In H. Christensen, C. Didier, A. 
Jamison, M. Meganck, C. Mitcham, & B. Newberry (Eds.), International Perspectives on Engineering Education: Engineering Education and Practice in Context. Vol I. Springer 
Science + Business Media B.V.

20

https://doi.org/10.17763/haer.84.4.34j1g68140382063


Thank You

sanjay@hbcse.tifr.res.in

geet@hbcse.tifr.res.in

ravis@hbcse.tifr.res.in

https://lsr.hbcse.tifr.res.in/

21


