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INTRODUCTION 
Educational makerspaces are collaborative learning spaces where the participants explore, create, learn, 
and share as a community, while building things that are meaningful to them. In the process of making and 
exploring, the students develop skills that are difficult to obtain in a traditional educational setting, while 
also affecting and unraveling their identities. Thus, an educational makerspace is far more than just the 
space itself; it is also about a mindset that needs to be cultivated among learners, especially the young 
people the makerspace serves (Gerstein, 2014). 

While makerspaces started as hobby spaces for adults, today, educational makerspaces have a prominent 
role in the current schooling landscape, particularly in developed countries. Maker education is bringing 
hands-on exploratory learning to schools, where it encourages a project-based, experiential approach 
towards learning. Moving further from their early days, makerspaces today are increasingly seen by 
educators as integral to jumpstarting lifelong interest in STEM fields among students (Peppler et al. 2015). 
While some may still see the open-ended exploration and seeming lack of elaborate planning and directions 
ƛƴ ŀ ǎǘǳŘŜƴǘΩǎ ǿƻǊƪ ŘǳǊƛƴƎ ǘƛƴƪŜǊƛƴƎ ŀǎ ǇǊƻōƭŜƳŀǘƛŎ ŀƴŘ ǳƴǎǳƛǘŀōƭŜ ŦƻǊ ǘƘŜƛǊ ǊŜŀŘƛƴŜǎǎ ŦƻǊ ǘƘŜ {¢9a ŎŀǊŜŜǊǎ 
in the future, in reality, expert practitioners in STEM fields employ much more tinkering than what is 
common in STEM classroom activities (Brown, Collins, & Duguid, 1989). Thus, tinkering in a makerspace is 
one of the few things that a school can provide where the students may directly develop key skills for the 
future, such as creativity, critical thinking, and collaboration. 

Although the birth of makerspaces and the recent spread of the maker movement as we know it today are 
primarily attributed to the West, the traditions of tinkering and maker mindsets exist in cultures all around 
the world. In many countries, the do-it-yourself attitude may have evolved out of necessity, whereby 
people made best use of whatever tools and materials were available to them (Resnick & Rosenbaum, 
2013). For example, in India, where the implementation of this study is based, the culture of making and 
ǘƛƴƪŜǊƛƴƎ Ǌǳƴǎ ŘŜŜǇ ƛƴ ǎƻŎƛŜǘȅΦ ¢ƘŜǊŜ ƛǎ ŜǾŜƴ ŀ ǾŜǊƴŀŎǳƭŀǊ ǘŜǊƳΣ άƧǳƎŀŀŘΣέ ǘƘŀǘ ǊƻǳƎƘƭȅ ǘǊŀƴǎƭŀǘŜǎ ŀǎ άŀƴ 
innovative and low-Ŏƻǎǘ ƘŀŎƪ ǘƻ ǎƻƭǾŜ ŀƴȅ ǇǊƻōƭŜƳΦέ IǳƳŀns are born tinkerers, with a natural affinity for 
exploration and discovery, and the innovations that tinkering drives have been one of the greatest 
equalizers across all societies in history. 

However, the current maker movement in education is failing to achieve its promise of equality at a global 
scale. In most developing countries, makerspace implementation happens via a copy-paste model from the 
West, which often leads to presumptions that to conduct maker-based learning effectively, educational 
makerspaces need to have expensive tools and materials such as 3D-printers, laser cutters, or CNC 
machines. That presumption is not only false, it is also detrimental to the spread of the maker movement, 
preventing it from reaching the parts of the world that caƴΩǘ ŀŦŦƻǊŘ ǎǳŎƘ ŜǉǳƛǇƳŜƴǘ ŀƴŘ ŀǊŜ Ƴƻǎǘ ƛƴ ƴŜŜŘ 
of a transformation in their teaching and learning practices. Especially when implemented with an equity 
lens that leverages the intellectual, emotional, and cultural resources that students bring to the 
makerspace, maker learning has immense potential to engage the underprivileged and underrepresented 
(Vossoughi, Escude, Kong, & Hooper, 2013). Unfortunately, in developing countries, such schools also tend 
to fall into the trap of valuing expensive equipment and materials far higher than the socio-cultural aspects 
of the makerspace community, aspects which possibly play a bigger role in ensuring whether a makerspace 
is sustainable or not in such contexts. 

This project therefore challenges the assumption of critical dependency on expensive resources and 
investigates a systematic approach for building sustainable makerspaces in resource-constrained 
environments. Rather than considering the lack of resources a constraint to maker-based learning, we see 
it as a catalyst for frugal innovation (Prahlad & Mashelkar, 2010) that can help inform and facilitate the 
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spread of the maker movement to parts of the world that have yet to benefit from it. The goal of the first 
year of project implementation was to develop a prototype model of an educational makerspace built from 
scratch in a resource-constrained school and build an understanding of various aspects of its development 
process. Key expected outcomes for the participating students were an increase in their learner agency and 
productive risk taking. 

In India, there has been a push for building educational makerspaces in schools, given the recent 
government program intended to open makerspaces in 2,000 schools across the country from 2017 to 
2020 (NITI Aayog Annual Report, 2017). However, the implementations of these makerspaces are based on 
highly prescriptive rules and regulations (Gadre, 2018). There is a severe lack of systematic understanding 
of what it takes to build a makerspace from scratch in such a way that allows it to continue beyond the 
initial push by the outsiders. Indian schools are particularly prone to rote learning and other outmoded 
educational practices, and efforts to incorporate innovative forms of learning have thus far been limited to 
expensive private schools (Misra, 2016), thus perpetuating and intensifying existing inequalities in Indian 
society. Maker education holds immense potential to bring a positive transformation to the Indian school 
system and better prepare students for the 21st century, and it therefore becomes imperative that we 
develop a deeper understanding of the various factors that underlie a successful implementation of maker-
based education in Indian schools. 

 

DESIGN PRINCIPLES OF THE MODEL 
Informed by existing research on makerspaces for learning (Sheridan et. al, 2014), our model of 
development follows an iterative design process, developing the following three interconnected elements 
of building makerspaces: 

SPACES 
Educational researchers who examined the design of makerspaces have identified common characteristics 
that are conducive to design, making, and learning (Litts, 2015). Based on their work, this project builds 
makerspaces that offer students an unstructured drop-in space where they can hang outτŀ άǘƘƛǊŘ ǎǇŀŎŜέ 
that the students see as between their school and home, where they can work informally, and that provides 
them with meaningful engagement and a sense of belonging (Oldenburg, 1989). The environment of a 
successful educational makerspace is intentionally designed to inspire wonder among the students, incite 
their curiosity, encourage playfulness, and celebrate unique solutions (Kurti et. al., 2014). Several small 
enhancements to makerspaces, such as having display walls for showcasing past projects, will be utilized in 
our makerspace designs to help students draw inspiration and generate new ideas. 

MATERIALS AND PROJECTS 
As a makerspace is established, the list of equipment and materials should naturally grow as specific 
projects and programs generate new ideas (Britton, 2012). However, schools commonly approach the 
establishment of makerspaces by acquiring a certain set of equipment and tools, such as 3D printers, laser 
cutters, and CNC machines, without considering the needs specific to the school. With this approach, the 
startup costs can easily add up to $15,000 or more (MakerEd, 2014). Our model utilizes the local context 
of the students and attempts to make tools and materials as relatable to them as possible. Students are 
also encouraged to come up with creative ideas and to work on projects that focus on problems that are 
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meaningful and important to their lives. These project ideas drive what materials are procured for the 
makerspace. 

COMMUNITY BUILDING STRATEGIES 
To support community building in the makerspace, various approaches for initial capacity building and 
learning of the members must be employed. First, the model utilizes the effective learning strategies 
ŘƛǎŎƻǾŜǊŜŘ ŦǊƻƳ ǘƘŜ άǎǘǳŘƛƻ ǎǘǊǳŎǘǳǊŜ ƻŦ ƭŜŀǊƴƛƴƎέ ǿƘŜǊŜ ƳƻǊŜ ŜȄǇŜǊƛŜƴŎŜŘ ƳŀƪŜǊǎ ƭŜŀŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ-
lectures, show exemplars, and demonstrate processes (Hetland, 2007). Second, the model introduces 
norms and values for a productive community of practice where learning is part of ongoing social 
interaction. In addition to the benefits of shared knowledge and experiences, developing this community 
of practice also promotes a sense of identity among students as a member of their maker community 
(Wenger, 1999). While cultural inertia and specific social contexts may make any such transformation a 
difficult process, effective implementation of the community building strategies is of paramount 
importance for systemic change to occur. 

 

IMPLEMENTATION 
The implementation of the makerspace program was conducted in a government school in Bangalore, 
India. India was chosen as the problem statement of the project is deeply reflected in the education system 
of the country, especially in low-end government schools at all grade levels, where the teaching approaches 
remains both highly traditional and ineffective. Typically, a teacher tends to play the role of a know-it-all, 
sage-on-the-stage, while the students remain the least important part of the equation with no agency over 
their own learning. 

 

SCHOOL DESCRIPTION 
The project was conducted in a 
government school in Bangalore, 
located on the outer part of the city, 
near a central jail in an 
underdeveloped location. The crime 
rate in the area is relatively high, 
including occasional break-ins at the 
school where materials and 
equipment would get stolen or 
damaged. Identifying an appropriate 
site in the school, considering the 
needs for the security of the 
makerspace, was particularly difficult 
during the early days of the project. 
The teachers also reported a few 
cases of drug abuse among the 
student community at the school. Figure 1: School building 
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The school building resembled that of 
a typical government school in India, 
with a central courtyard surrounded 
by two or three storied buildings. The 
classrooms in the school tended to be 
dark and crowded. Each class had 
about 75-85 students in it, with the 
role of the teacher mostly revolving 
around disciplining the students and 
keeping the chaos in the classroom in 
check, even when that came at the 
cost of academic engagement and 
learning efficacy among the students. 

The students severely lacked 
understanding of even the basic 
concepts expected at their grade 
level. For example, despite being in 
the ninth grade, the students could not explain simple things such as the area of a square, what resistance 
in an electric circuit means, or even what are electrons. However, the same students seemed quite sharp, 
creative, and resourceful when it came to the aspects of learning that were not directly part of their 
curriculum. This was indicated through many conversations that the project facilitator had with the 
students around what kind of problems they typically encounter, what they could do to fix them, or even 
in conversations about their general interests. The classroom instruction and assessments severely 
emphasized rote learning over understanding at the school. Although there were one or two teachers at 
the school who saw this as a major problem and wanted to do better for their students, the support and 
resources for such teachers was almost non-existent. 

 

SELECTION PROCESS AND CRITERIA 
The selection process for the school site took about six weeks, wherein the project team visited multiple 
school sites across the city, met with principals and school administrators, teachers, and students. The 
school selection involved five major criteria: location, infrastructure and resources, administrative buy-in, 
ǎŎƘƻƻƭΩǎ ǾŀƭǳŜ ŀƭƛƎƴƳŜƴǘΣ ŀƴŘ ǎǘǳŘŜƴǘǎΩ ƛƴǘŜǊŜǎǘΦ 

 

LOCATION 
The location of the school was important, to ensure the project was implemented in a location where the 
target population resided. Bangalore, like most Indian cities, is economically diverse and stratified, where 
some pockets tend to have a concentration of rich and well-to-do populations with high-end schools, while 
other areas are extremely poor with only government schools or low-budget private schools. Placing the 
project in an appropriate neighborhood was important to the success of the project. Another factor in 
choosing the location was its general accessibility, given that traffic in the city is a major challenge, and 
traveling even relatively short distances can take hours during peak times; anything too distant would have 
led to significant difficulties in its everyday reach for the teaƳΦ IƻǿŜǾŜǊΣ ǘƘŜ ǇǊƻƧŜŎǘ ǘŜŀƳ ŘƛŘƴΩǘ ǿŀƴǘ ǘƘŜ 
prototype location to be in a remote, rural area, either, where even materials would have to be sourced 

Figure 2: School courtyard 



 7 

from places that were outside the purview of the students. Although that ruled out a large majority of 
resource-constrained schools in the country, only a few relevant sites were needed during this phase the 
project. Therefore, for this particular project student access to small hardware stores or mechanics was 
prioritized when selecting , as it was important tƻ ǎǘǳŘȅ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ŜƴƎŀƎŜƳŜƴǘ ŀƴŘ ǎŜƴǎŜ ƻŦ ƻǿƴŜǊǎƘƛǇ 
in the makerspace. 

 

INFRASTRUCTURE AND RESOURCES 
Given the problem statement focused on resource-
constrained schools, the site selection process involved 
deliberately identifying schools that severely lacked 
resources and had poor infrastructure. While the school 
site chosen for the project had a large school building, 
the overcrowding in both the classrooms and the school 
made the available space look grossly insufficient. The 
school suffered from frequent power cuts, leading to 
students learning in poorly lit classrooms, and lacked 
consistent access to many other basic amenities. Also, 
unlike most other schools in Bangalore, the chosen 
school was not involved in any corporate social 
responsibility (CSR) projects, which ensured that the 
students engaging with the project were only part of one 
active research intervention at a time, thereby helping 
make valid observations about the impact of the project. 
As one precondition, the project required that the 
school have some space where a makerspace could be 
set up, which in this school was a challenge given the 
severe lack of any spare space, so it was crucial to think 
outside the box with regards to placement of the 
makerspace at the school. 

 

ADMINISTRATIVE SUPPORT  
While we did not expect every teacher to understand the value of a makerspace and learning through 
making, securing buy-in from certain key people in the school was important. The project required that at 
ƭŜŀǎǘ ǘƘŜ ǎŎƘƻƻƭ ǇǊƛƴŎƛǇŀƭ ŀƴŘ ŀ ŦŜǿ ǘŜŀŎƘŜǊǎ ǿƘƻ ǿƻǳƭŘ ōŜ ŘƛǊŜŎǘƭȅ ƛƳǇŀŎǘŜŘ ōȅ ǎǘǳŘŜƴǘǎΩ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ 
the makerspace be onboard and supportive of the idea. In the selected school, the Biology teacher became 
the biggest champion of the makerspace, convincing even some of the other teachers in the school of the 
importance of hands-on learning for their students. The principal of the school was also highly supportive 
of the idea. Unfortunately for the project, however, this principal was transferred to a different school soon 
after the project started, though since no one as yet has been hired to replace her, the project did not run 
into the challenge of convincing someone new who may not have necessarily seen the value of having a 
makerspace in the school. 

In general, teachers in the government schools of India have little incentive to take on any extra burden, so 
external projects like this typically struggle to find support. India has no comprehensive set of education 

Figure 3: Students during lunch break 
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standards that a teacher may have to meet, so a makerspace possibly helping them with their teaching by 
satisfying some pre-identified learning standards as such is also not an incentive. Overall, the process of 
getting buy-in among teachers came down to identifying individuals who truly understood what the project 
was trying to achieve and agreed with it. 

 

VALUE ALIGNMENT 
¢ƘŜ ǎŎƘƻƻƭ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ ǾŀƭǳŜǎ ŀǊƻǳƴŘ ǎǘǳŘŜƴǘǎΩ ƭŜŀǊƴƛƴƎ ŀƴŘ ŀƎŜƴŎȅ ǿŜǊŜ ǘŀƪŜƴ ƛƴǘƻ ŎƻƴǎƛŘŜǊŀǘƛƻƴ ŀǎ 
one of the key requirements in the site selection process. This typically involved having conversations with 
the school principal and certain teachers for subjects such as science, math and arts. Attempts were made 
to make them understand the importance of learning through making and of the tinkering mindset for a 
child. While in some schools, such discussions were not well-received, the principal and the teachers at the 
selected school site welcomed the idea and readily agreed to conduct this project as an experiment in their 
ǎŎƘƻƻƭΦ ²ƘƛƭŜ ƛǘ ŎŀƴΩǘ be said with certainty, having a school leader who was especially encouraging to 
teachers, and who made extra efforts to make learning for their students more meaningful, definitely had 
a positive contribution towards these teachers understanding the importance of makerspaces, beyond 
their own personal passion for seeing education done well. Some of the teachers at the school had also 
attended some teacher trainings on hands-on science learning with the Agastya Foundation, a local partner 
organization for this project, which may have also helped shape and inform the thinking of these teachers. 
Meeting these teachers and the principal at this school was particularly encouraging and refreshing, as in 
most Indian government schools the teaching remains extremely passive, with little to no importance given 
to student voice and choice, or to practically engaging them with their learning process in any way. 

 

STUDENT INTEREST 
Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ƘŀǾŜ ŀ ǎŜƴǎŜ ƻŦ ǎǘǳŘŜƴǘǎΩ ƛƴǘŜǊŜǎǘ ƛƴ ǘƘŜ ǇǊƻƧŜŎǘ ŀǎ ŀ criterion, because while we would 
like to believe that given enough time any set of students should be able to get excited about the idea of 
hands-on learning, when students have been through a specific kind of learning experience for more than 
a decade, those methods can come to be seen as familiar and even preferred. This implies that in certain 
cases, even the students that one intends to target may not show much enthusiasm for setting and running 
a makerspace. This was not easy to judge, since a few attempts at using questionnaires for understanding 
ǎǘǳŘŜƴǘǎΩ ŀǘǘƛǘǳŘŜǎ ŦŜƭƭ ŦƭŀǘΣ ƻǿƛƴƎ ǘƻ ǎǘǳŘŜƴǘǎ ǘǊŜŀǘƛƴƎ ǘƘŜƳ ŀǎ ŀ ǘŜǎǘ ŘŜǎǇƛǘŜ ƳǳƭǘƛǇƭŜ ŜŦŦƻǊǘǎ ŀǘ ŎƭŀǊƛŦȅƛƴƎ 
Ƙƻǿ ǘƘƻǎŜ ǉǳŜǎǘƛƻƴǎ ŘƛŘƴΩǘ ǊŜƭŀǘŜ ǘƻ ǘƘŜƛǊ ǎŎƘƻƻƭ ƳŀǊƪǎ ƛƴ ŀƴȅ ǿŀȅ ǇƻǎǎƛōƭŜΦ 9ǾŜƴǘǳŀƭƭȅΣ ƛƴŦƻǊƳŀl discussions 
ǿƛǘƘ ǎƳŀƭƭ ƎǊƻǳǇǎ ƻŦ ǎǘǳŘŜƴǘǎ ǿŜǊŜ ŜƳǇƭƻȅŜŘ ǘƻ ƎŜǘ ŀƴ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǎǘǳŘŜƴǘǎΩ ƛƴǘŜǊŜǎǘǎ ŀƴŘ 
motivations for participating in a project like this. Given that the project engaged with relatively senior 
students in the ninth grade, many of the students at the selected school site had mostly given up on their 
studies, however, as a strongly shared sentiment they all seemed extremely excited at the idea of working 
on this project. 
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MAKERSPACE DESCRIPTION 
 

SETUP PHASE 
In order to set up the makerspace in the 
school, an appropriate site had to be 
located. There were three key points 
that were important to meet: 

1. the space needed to be 
accessible to the students but 
did not have too many 
distractions, especially in terms 
of the frequent intervention 
and oversight by the school 
authorities; 

2. had enough room for at least 
15 students to work at a given 
time, and did so despite the 
severe shortage of learning 
space at the school; and 

3. gave the students a strong 
sense of ownership, building in 
them the feeling that they 
belong in the makerspace and 
the things in the makerspace 
belong to them. 

The project was introduced to the ninth 
grade students by their science teacher, 
and interested students were asked to 
chat with the project researcher at the 
ǎŎƘƻƻƭΦ !ŦǘŜǊ ŀŘŘǊŜǎǎƛƴƎ ǎǘǳŘŜƴǘǎΩ 
queries and detailing further to them 
what the project entails, a group of 
eight enthusiastic students formed the 
initial set of early participants. The first 
step in the setup involved identifying a 
location, which, after debating all 
options with everyone, was chosen to 
be an underutilized junkyard towards 
the end of the first floor of the school 
near the eighth and ninth grade classrooms.  

Figure 4: Starting condition of the site 

Figure 5: Broken furniture and other discarded school junk piled at the site 
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The junkyard was mainly filled with old 
and broken discarded furniture which 
students helped condense into a pile in 
one half of the space, thereby freeing 
the rest for the makerspace. A partition 
was created between the two halves 
using tarpaulin sheets. The space was 
also open from all sides except one, 
with just an iron grate covering it on the 
other three sides, so tarpaulin sheets 
were also used to cover the iron grate 
on an additional side, giving it the space 
semblance of a room with a large 
window on one side. While this choice 
of location for setting up the 
makerspace meant a lot of work for 
everyone involved, it provided a 
workspace large enough for the 
expected number of students, without 
putting any additional pressure on an 
already space-constrained school. The 
regular involvement of the students 
from the beginning in all set up activities 
from planning and decision making to 
execution instilled in them a natural 
sense of ownership for the makerspace. 
¢ƘŜȅ ŜǾŜƴ ƎŀǾŜ ƛǘ ŀ ƴŀƳŜΣ άNamma 
aŀƪŜǊǎǇŀŎŜΣέ ǿƘŜǊŜ άƴŀƳƳŀέ 
ǘǊŀƴǎƭŀǘŜǎ ǘƻ άƻǳǊέ ƛƴ ǘƘŜƛǊ ƴŀǘƛǾŜ 
language Kannada, and proudly wrote it 
on a board to display at the entrance for 
others in the school to see. 

 

 

STRUCTURE 
The makerspace was a moderately sized rectangular space with plenty of free space for the students to 
move around. The woodworking materials were towards the end of the space near the open area, so that 
noise and wood dust could be kept limited to a corner. Since there was only one power plug near the 
entrance to begin with, most of the electrical work tended to happen there. Materials were stored in plastic 
boxes and were kept in a designated area with the respective labels for their categories. While there were 
several smaller tables along the sides that formed different work stations, there was a large table in the 
center of the makerspace. This big table was where most of the collaborative worked happened. 

On a regular day, the students would come to the makerspace between 3:00-4:30 pm during school hours. 
This would be the time when they would have free prep, which their acting principal suggested would be 

Figure 7: Covering the makerspace on two sides with the tarpaulin sheets 

Figure 6: Students naming their makerspace 
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the ideal time for students to work in the makerspace. The school authorities decided against opening the 
makerspace when the project ǊŜǎŜŀǊŎƘŜǊ ǿŀǎƴΩǘ ŀǊƻǳƴŘΣ ǎƻ ǘhe ǊŜǎŜŀǊŎƘŜǊΩǎ ǇǊŜǎŜƴŎŜ ǿŀǎ ŀƭǿŀȅǎ ǊŜǉǳƛǊŜŘ 
for students to access the makerspace. Initially, the researcher had given the makerspace keys to one of 
the responsible students, but after the door was left unlocked by the student, the school authorities 
decided that the school administration and project researcher should be the only ones with access to the 
keys. 

The materials used in the makerspace 
were procured from nearby shops. 
There was a small market in walking 
distance of the school with small 
hardware and office supply shops 
could be found. Given that most 
students lived close to the school, 
they generally did their shopping at 
this market. A deliberate attempt was 
made to purchase materials from that 
market, and in smaller amounts, 
mostly just enough for the 
requirement. The students were 
typically not allowed off campus, but 
sometimes teachers allowed a few of 
them to accompany the project 
researcher while going out to buy 
project supplies. Given the local 
nature of these supplies, their costs 
were quite low, and were also paid for by the project. While typically buying materials in bulk for a 
makerspace is more convenient and makes more economic sense, buying things in small amounts only as 
needed was important, as this approach closely resembled the consumption patterns of students and their 
families and kept the makerspace experience relatable. The idea was to avoid actions that these students 
would not be able to replicate if the project researcher was taken out of the equation. 

 

VALUES 
The makerspace had a mix of explicit and implicit values that were gradually set in place. Some of these 
were directly told to the students in the beginning as they showed interest in the project, but many were 
established overtime via opportunities that emerged through different day-to-day scenarios at the 
makerspace. Yet rather than writing these values down somewhere, as a facilitation strategy it was 
preferred that they be established in a more natural fashion with the students through various daily 
ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ŜƳŜǊƎƛƴƎ ŜǾŜƴǘǎ ŀǘ ǘƘŜ ƳŀƪŜǊǎǇŀŎŜΦ tŀǊǘƭȅΣ ǘƘƛǎ ŎƘƻƛŎŜ ǿŀǎ ƛƴ ǊŜŀŎǘƛƻƴ ǘƻ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ǎŜǾŜǊŜ 
lack of agency in school: they were too used to doing what they were told, a pattern which would have 
repeated if we directly told them all of the makerspace values as a set of rules.  

Figure 8: Makerspace after initial setup 
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One of the key explicit values was 
that the makerspace should be 
welcoming for everyone. The 
students who were part of the 
makerspace from day one 
especially felt a bit territorial about 
the space, so it took several casual 
conversations for them to realize 
that the purpose of the makerspace 
could not be achieved if we made it 
exclusionary in any regards. Special 
attention in this direction was 
placed on ensuring that the girls in 
the makerspace felt particularly 
comfortable. In India, the 
stereotypes around gender roles 
run deep. Even in this school, girls 
tended to assume that engineering 
and science activities were only for 
the male students, whereby girls 
were typically seen sitting in groups stitching or doing other artwork but never anything related to STEM 
activities. Breaking these stereotypes was important, and it took deliberate efforts to ensure that the 
female students felt comfortable in the makerspace, including some active regulation by the researcher of 
any exclusionary language, including in the casual remarks and comments that the students made. 

Another important value was that 
the students supported each other 
with their projects. To inculcate it, 
the researcher would try to redirect 
a query or request from any student 
to another student who was best 
capable of answering it rather that 
addressing it himself. Over time this 
became a natural habit among the 
students, where they would directly 
look for help or specific advice from 
their peers. This formed a culture of 
joint ownership of the various 
projects that were being built, 
rather than each student merely 
focusing on their own project. 

The students who formed the 
makerspace also brought many 
helpful values with them. Chief 
among them were resourcefulness and a thrifty lack of wastefulness. Given the backgrounds of these 
students, items at their homes are typically not discarded unless there is absolutely no use or reuse for 
them, and they brought the same approach to materials in the makerspace as well. There would be many 

Figure 9: Students building tables for their makerspace 

Figure 10: Students building a cupboard for their makerspace 
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times when various tools like soldering irons or hot glue guns would burn out, and in no time, a student 
would have taken it apart and put it back together in working condition. Since the makerspace was only a 
tarpaulin partition apart from the school junkyard, the junkyard itself became a giant pool of raw materials 
for different things needed in the makerspace. For example, none of the furniture in the makerspace was 
brought from outside, but rather was all built from the broken furniture in the junkyard, fixed and 
repurposed to suit the needs of the makerspace.  

 

STUDENT DESCRIPTION 
Since the chosen school was a government school, the 
students there primarily came from low socio-economic 
backgrounds. India as a country has a rapidly growing 
economy, where, increasingly, more households from the 
lowest economic strata are moving higher into an 
aspirational burgeoning middle class. The majority of the 
ǎǘǳŘŜƴǘǎΩ ŦŀƳƛƭƛŜǎ ōŜƭƻƴƎŜŘ ǘƻ ǘƘŜ ŜŎƻƴƻƳƛŎ ƭƻǿŜǊ-middle 
class, where one barely has the means to meet their most 
essential needs. Some of the students in the makerspace 
would assist their parents at their work after school, be it at 
a tea stall or in a carpentry workshop. 

Academic standards at most government schools in India are 
low and this school was no exception. The students in the 
makerspace, despite being in the ninth grade and including 
some of the high scorers of the class, lacked even the most 
basic understanding of the topics in their curriculum. 
However, what made them excellent makers was a strong 
sense of hope, despite full awareness of what all they lacked, 
be it academically or economically. They had a strong desire 
to learn and the street smarts to make things work. 

 

FACILITATION STRATEGIES 
An important factor in making a makerspace like this potentially sustainable is minimizing the presence of 
the external facilitator as much as possible. These students are used to following instructions when in 
school, so if the facilitator does not make active efforts to make themselves redundant in the space, then 
students will look to the facilitator for directions. In general, this involves the facilitator not intervening 
unless absolutely necessary. At times, students will make mistakes or take approaches that make the 
process painfully long, but in such cases the facilitator needs to hold back the urge to intervene and let the 
students figure things out. That being said, there are times when an indirect nudge can make the whole 
thing a significantly better learning experience for the student, in which case one should go ahead while 
exercising their best judgement while still keeping in mind the larger principle of minimal intervention.  

The students, more so in the early stages, want to be told the answers to everything, mostly how to make 
something work. As a facilitator, one should take a Socratic approach to answering such questions and 
engage in low-stakes active questioning that makes the students themselves arrive at the correct 
conclusion. Overall, it is of the utmost importance that the makerspace does not feel prescriptive. The 

Figure 11: Students building a storage box with LED 

eyes 
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students should feel welcomed and encouraged to drive things. The facilitator should hold back and let the 
students drive the projects and even the decisions about what materials need to be procured. 

 

MAKER WORKSHOPS 
Besides the regular activities at the makerspace, where the students would work on their various projects, 
students were also provided with an opportunity to directly learn from and be inspired by maker experts 
via two maker workshops conducted over the course of the year. The purpose of these workshops was to 
give a boost to the excitement of the students and teachers around tinkering and making and have these 
exemplars to build a deeper understanding in them of what these values look like in practice. 

 

WORKSHOP WITH THE LOCAL EXPERT 
The first workshop was conducted around the 
mid-point of the project intervention by a 
professor from the electronics and 
communications engineering department of a 
technical university in New Delhi. The professor 
directs two open access laboratories, one of 
which, the Centre for Electronics Design and 
Technology (CEDT), works like a makerspace for 
university students though primarily focused on 
electronics projects. In addition, he advises 
schools across India that have implemented 
makerspaces and conducts workshops with the 
students there. At the Namma makerspace, this 
workshop was a day-long event with students 
from eighth and ninth grade along with several 
teachers at the school. The first half of the 
workshop was more demonstrative, where several exciting projects were shared with the participants, 
along with the motivations, concepts, and techniques involved in their making, while in the second half, 
the students got to engage in hands-on building some of those projects themselves.  

 

WORKSHOP WITH THE MIT TEAM 
Towards the end of the school year, a week-long workshop was organized at the makerspace where a team 
of maker experts from the Edgerton Center and the Playful Journey Lab at the Massachusetts Institute of 
Technology tried to engage students in certain maker activities and also learn from what the students had 
been working on thus far. The idea was to further excite the students about learning through making and 
helping them see the connections between things that they may have learned in the classroom and what 
they see in the real world. 

The workshop began with the Boston team spending a day getting to know the students and building an 
understanding of the different projects that the students were already making. The team learned about 

Figure 12: Students playing with magnets and bolts 
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projects such as solar houses or a vacuum cleaner that some girls were making with a water bottle, and 
simultaneously some new ideas for projects, such as a lantern using LEDs and Depron sheets, were initiated 
during these discussions with the students. 

Given the limited nature of time during this 
Ǿƛǎƛǘ ŀƴŘ ƻōǎŜǊǾƛƴƎ ǘƘŜ ƳŀƧƻǊ ƎŀǇǎ ƛƴ ǎǘǳŘŜƴǘǎΩ 
knowledge of basic topics, the workshop team 
on the third day initiated a more directed 
learning session on the topic of optics with the 
students. This involved a lot of play with light 
and various materials such as mirrors, lenses 
and prisms. The students also took part in 
making a short project called Aurora Bears, 
where they assembled a set of pre-fabricated 
cardboard pieces, along with some colorful 
LEDs and transparent structures, such that the 
assembly led them to some fascinating play 
with light and colors and pushed their 
curiosities to dabble with puzzling questions 
around the various effects they could observe. 
Such play with colorful light built and clarified their understanding of the nature and composition of the 
light and how we see different colors. The workshop also became an opportunity for the rest of the school 
to engage with what was happening at the makerspace. The team held some activities outside the 
makerspace as well, around waves and patterns, where many more students and teachers could engage. 
While some fascination of the students could be ascribed to the novelty of having the foreigners in their 
little school (something that is a typical cause of excitement among people in India who are not used to 
seeing them around), the overall engagement of the students went well beyond this mere novelty factor. 

One transformative moment happened during the workshop, when the teacher who was most opposed to 
ǘƘŜ ǎǘǳŘŜƴǘǎΩ ŜƴƎŀƎŜƳŜƴǘ ŀǘ ǘƘŜ ƳŀƪŜǊǎǇŀŎŜ ƛƴ ǘƘŜ ǎŎƘƻƻƭΣ ŀ ƴƛƴǘƘ ƎǊade Physics teacher, was invited by 
the researcher to take a look at what the 
students had made and let the students 
take charge of the situation. This teacher 
believed that the makerspace was a 
distraction for students, who already lacked 
discipline and needed to spend much more 
time learning what is in their textbooks and 
will thereby be asked in the exams. As a 
result, during the workshop, where students 
normally spent the entire day at the 
makerspace with the permission of their 
respective subject teachers, the plan was to 
send the kids back to the class during their 
Physics period. However, one day the kids 
forgot to leave on time, and spotted the 
Physics teacher angrily coming towards the 
makerspace from a distance. Since the 
students feared this teacher the most, her 

Figure 13: Students displaying their Aurora Bears and its effects 

Figure 14: Student takes the lead on explaining his project to the teacher 
























