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Disparities of scientific education (STEM) in rural and remote communities
are exacerbating inequalities and taking away opportunities for youth to
explore their scientific interests and participate in science-making globally.
Maker education in rural and remote areas of Latin America could boost
the participation of rural communities in scientific education and open
alternatives to the lack of higher literacy rates and STEM education. In
Colombia, tertiary education has been making efforts to close this gap
through the Itinerant Technical Academies of Servicio Nacional de Aprendizaje
(SENA: National Learning Service). Participants in the Technical Academies
create relevant technologies for their context, reflecting on their cultural
values and aesthetics. In this contribution, we describe three projects
conducted in the itinerant Technical Academies of rural Colombia in Narino
to exemplify how participants made their artifacts relevant to their culture
using available resources, materials, and practices. Students are using available
resources to create artifacts that are relevant to their social contexts
and aligned with constructivist practices. We propose and discuss three
characteristics that have emerged in makerspaces situated in rural Colombia:
(i) Narratives, (ii) Resourcefulness, and (iii) Identities and we suggest that
makers, scholars, policymakers, and educators should pay attention to those
three elements to guide future studies and further research on maker
education in the Global South.

educational policy, makerspaces, rural education, Colombian education system,
STEAM education, identity, narratives, resourcefulness
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Introduction

The Maker Movement, a grassroot culture dedicated to
hands-on making and technological innovation has infiltrated
the educational enterprise globally, gaining attention of both
researchers and educators interested in how people learn
through making (Peppler et al, 2016). The maker movement
has entered Latin America through different spaces for
technological exploration and fabrication such as fablabs,
hackerspaces, and makerspaces (Stacey, 2014). In particular,
Makerspaces are informal sites for creative production in art,
science, technology, 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).
In the context of “creative cities,” the creation of makerspaces
and fablabs has become part of the public policy of Latin
American cities such as Sdo Paulo and Bogota (Sperling et al,,
2015). Nevertheless, the inclusion of makerspaces in rural Latin
America has not yet received much attention from either policy
makers or researchers.

Colombia is a multicultural country with great economic
disparities, spatial divides, and other markers of disadvantage
that reinforce educational inequalities (OECD, 2016; World
Bank, 2021; Avendano-Uribe et al., 2022). Moreover, children
living in rural areas have less access to education than in urban
centers. Compared to students in urban centers, populations
in rural areas receive fewer years of schooling (MEN, 2015)
and have lower school enrolment and higher illiteracy rates
(DANE, 2018). In Latin America, the lack of exposure to STEM
education in rural and remote communities is exacerbating
inequalities and taking away opportunities for youth to explore
their scientific interests and participate in science-making
nationwide and globally (Avendano-Uribe et al,, 2022).

It has been shown that grassroots science, technology,
engineering, arts and mathematics (STEAM) (STEM + Arts)
programs could be boosted by makerspaces, as they constitute
communities of practice for hands-on tinkering with STEM
tools and practices that could be brought to rural settings
2014). In addition,
community engagement in the production of artifacts for their

(Barniskis, Maker Education fosters
daily lives (Halverson and Sheridan, 2014). For makerspaces to
be fully leveraged as opportunities to foster STEAM education
in rural Colombia, it is important to acknowledge how Maker
education in the Global North dialogs with practices and
strategies in the Global South. In Latin American makerspaces,
a strong global accent based on technological innovations
such as 3D printing and electronics toolkits, is sharing space
with initiatives with a local accent based on the technological,
cultural, and social reality of the regions (Sperling et al,
2015). However, Maker Spaces in Latin America are growing
in unknown numbers (Sperling et al,, 2015), and are facing
challenges due to limited access to materials, technologies, and
equipment for remote communities.
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In this contribution, we present our perspective of
Colombian rural Maker Education, to describe an example of
the current state of makerspaces in the context of the rural
Global South. We describe three projects conducted in the
itinerant Technical Academies of rural Colombia (ITA) Narino
to exemplify how participants made their artifacts that are
relevant to their rural contexts and communities using available
resources, materials, and practices. We propose and discuss
three characteristics that have emerged in makerspaces situated
in rural Colombia: (i) Narratives, (ii) Resourcefulness, and (iii)
Identities, and we suggest that makers, scholars, policymakers,
and educators should pay attention to those three elements to
guide future studies and further research on Maker Education
in the Global South.

State of the art: Colombian
technical academies as maker
spaces

The tertiary educational system in Colombia, known as
the National System of Tertiary Education (SNET), includes
two degrees of complexity: Universities and technical training.
According to the Ministry of Education in Colombia, there are
366 technical education institutions registered in the national
system (Fonseca and Vargas, 2016). The National Service
Learning or SENA (Spanish short for Servicio Nacional de
Aprendizaje), counts 117 centers in 33 regional sites (SENA,
2022). One of the non-formal educational programs in SENA
is Itinerant Technical Academy that travels from place to place
in rural and remote areas of Colombia (Ochoa-Rojas, 2021).
Itinerant Technical academies are capacity-building STEAM
programs directed at young people in rural areas of Colombia.
The program aims to foster technological-based education to
create, collaborate, and communicate local-based solutions for
rural challenges of the country (Solis-Molina et al,, 2017). In
particular, the Itinerant Technical Academy Narino, was created
in 2020 as part of the South Colombian International Centre for
Logistics, Regional Narino (SENA, 2022).

Students of the itinerant technical academies socialize
and share common interests around problems that their
communities are facing to design and create artifacts that
resonate with their culture. According to the definition of
Makerspaces presented by Sheridan et al. (2014), Itinerant
Technical Academies can be considered Makerspaces, as they
are sites for creative production where participants work
independently or collaboratively in a studio, workshop or
learning environment with materials to design and make
things (Halverson and Sheridan, 2014). Regarding teaching,
instructors of Technical Academies use demonstrative-
instructions that foster open-ended challenges to explore how
the design process can support students’ learning of physics,
engineering, chemistry concepts and general knowledge in
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science, technology, engineering, arts, mathematics, and
humanities (STEAM+) (Kolodner et al., 2003; Sheridan et al.,
2014).

An example of Technical Academies as makerspaces is
Itinerant Narino’s Technical Academy, which aims to contribute
to promoting STEAM skills and a culture that values science,
technology, and innovation as part of social transformation
in the local communities. Participants of Narino’s Technical
Academy are mainly secondary school students accompanied
by professional trainers or instructors. Participation happens
after school through informal and extracurricular activities. Up
to date, there are more than 3,378 students from 60 rural
schools distributed in small groups (less than 15 participants)
coming from 30 municipalities of Narino, including remote
and unprivileged areas like Tumaco, and Ipiales (details
in Supplementary Table 1). Both teachers in their schools
and mentors in the Technical Academy are constantly in
communication and monitoring the academic achievement and
skills improvements of students participating in the courses.

Moreover, participants of the Itinerant Technical Academies
create relevant technologies for their context, reflecting on
their cultural values and aesthetics. For example, Franco et al.
(2019) described the club “Cunning STEM: From play to wit.”
This club is about science entrepreneurship around the most
common social, infrastructure, economic, and ecological issues
of the local community in Tuquerres, Narino using robotics,
proposing solutions to problems of their context (Franco et al.,
2019). Students have participated in regional, national, and
international science fairs and there are more than 33 scientific
journal publications, 10% of which are peer-reviewed scientific
papers. In particular, one of their successful projects: “Hand-
made solar cells” reported by Restrepo et al. (2022) concluded
that in their results “cells were obtained in a very easy and
economical manner from Diacol Capiro potato” which is a
locally adapted solution using agricultural/native products from
the region. This work also reported “new laboratory practices
to explain the generation of clean energy, and because of the
simplicity of this work the students (high school level) were
able to develop all the procedures without any difficulty and
having a better understanding of the generation of clean energy”
(Restrepo et al., 2022).

Our perspective: Three elements
of rural Colombia makerspaces

Maker education has been implemented globally, but the
execution and research of maker education in the Global
South have been shown to have distinct characteristics, such
as interest for urgent and local issues, as well as a need for
openness to different worldviews, aiming to broad participation
in these spaces (Seo-Zindy and Heeks, 2017; Abbassi et al,
2022). Our perspective consists of three elements that we have
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Resourcefulness

Narratives < > Identities
FIGURE 1

Elements of rural Colombian maker education.

found in Makerspaces in Colombia: Resourcefulness, Narratives,
and Identities. This perspective might suggest a preliminary
understanding of the characteristics of Maker Education in
Colombia, and open questions for other settings in Latin
America and the Global South.

Through the identification of these three elements in three
different projects made by three different groups of students in
the Technical Academies, especifically from Narino’s Itinerant
Technical Academy, we aim to show how they reflect our
perspective of Makerspace in rural areas of Colombia. We use
Figure 1 to foreground the emergent elements we have found in
students projects of Technical Academies and describe how they
are related to each other. This diagram summarizes emerging
elements that we have seen in TA, and that we consider could
guide future makerspaces in the rural Global South.

In Figure 1, we identify three main elements that
were present and paramount in the Technical Academies:
Resourcefulness, Narratives, and Identity.

Resourcefulness

Based on Sheridan and Konopasky (2016) we define
resourcefulness as individual or communal acts of innovating
drawing on internal sources such as skills, knowledge, and
confidence or external sources such as experts, informational
texts, community partners, and, in these cases, available
materials, and cultural traditions. The resources are also spaces
and factors in the environment that support and safeguard
learning (Sheridan and Konopasky, 2016).

Since STEAM education in Latin America is still incipient
(Cabello et al., 2021), and with countries like Colombia being
one of the most unequal (World Bank, 2021), resourcefulness
rises as a virtue. Resourcefulness in these makerspaces has been
shown to open pathways for making and digital fabrication
in communities where access to technology is limited. By
leveraging the available resources, these makerspaces adapt
global trends of digital fabrications or specifics uses of materials,
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such as 3D printing, to resources that are available in the
local context. Our perspective contemplates resourcefulness
as a possibility for emerging disruptive artifacts, that include
materials and technologies available locally with overarching
technologies that are used in makerspaces globally (Sperling
etal., 2015).

Narratives

As well as technical academies are geographically situated in
rural communities, in Colombia, these makerspaces can also be
situated in paramount socio-historical moments in time. With
access to technology and education oscillating due to situations
such as COVID-19 or the recent implementation of the peace
process (Torres Madrofero et al,, 2021), it is not surprising
that students find their making projects as opportunities to
dialog with narratives relevant to their communities. On
this, we have found that making video games that propose
new stories about Colombian Independence, aligns with the
concept of “restorying,” theorized as a process by which people
reshape narratives to represent a diversity of perspectives and
experiences that are often missing or silenced in mainstream
texts, media, and popular discourse (Thomas and Stornaiuolo,
2016). “Restorying” has already been used to understand how
youth use computing to develop counter-narratives (Shaw et al.,
2021), and we think makerspaces such as these are explicitly or
implicitly related to “restorying practices,” in which the students
are authors of counter-stories and also create new narratives for
existing materials.

Identity

The final element we found in the maker projects
we describe is Identity, as students author identities and
modes of belonging to their communities through making
in these makerspaces. We define identity as ways in which
students participate in communities of practice (Wenger,
1998; Stets and Burke, 2000), and we acknowledge identity
formation is dynamic, negotiated, and constructed through
social interactions (Holland et al., 1998; Wenger, 1998). Here,
we highlight cultural identity arising from one’s cultural groups
memberships, and identification with local and non-western
and traditional forms of knowledge, practices, and expertises
that arose locally in the rural communities and that may not
reflect technologies or practices used globally. Shaw and Kafai
(2020), building on Moje and Luke (2009), charted different
metaphors for identity with computing, or ways in which
students use computing to express their identities. Likewise, we
think some of those metaphors, such as Identity as community
critic and Identity as “restorying” can be addressed through
makerspaces in rural communities, as the projects we describe
seek to reshape stories or to use materials that are abundant
in the communities to improve people’s life and access to
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technologies, such as the water filter and the recycled 3D printer.
Likewise, identity as interest connections, or in this case, identity
as cultural connections, was explored in the maker projects
by leveraging the use of materials such as coconut and shells,
which have specific cultural connotations in the communities of
Narino.

Resourcefulness, narratives, and
identity in maker projects of
technical academies

We show three projects of students that are an example
of constructionist learning in a makerspace and we identify
elements in every project in which students include components
that are relevant to their communities and their cultures
(Figure 2). The first example is a 3D printer made by two
students in the municipality of La Cruz, Narino-Colombia that
consisted in making a low-cost 3D printer re-utilizing CD-ROM
drive, the second example is a digital video game based on
Colombias history of independence and the third one was a
water filter made with coconut fiber and seashells.

Resourcefulness in maker projects

As makerspaces, the itinerant technical academies include in
their making materials many of the resources that are abundant
in the region, as well as e-residues that could be used to tinker
and create. In the low-cost 3D printer project, students used
the pieces of dismantled CD-ROM drives. Students stated that
they used these recycled materials due to the necessity of the
3D printer being low-cost, and at the same time, to re-utilize
materials that otherwise would be disposed of and become
toxic waste. A relationship between necessity, ingenuity, and
recycling has been previously observed in the Global South; for
example, using e-waste scavenging as a living strategy in Ghana
(Oteng-Ababio, 2012).

Another example is the use of seashells and coconut fiber,
otherwise food residues or raw unused materials, for the making
of artifacts that could be relevant to the community, such as
an artifact for a water filter. This project has been described by
one of the instructors as “leveraging the conditions and the raw
materials that are present here, in the municipality of Tumaco,
Narino-Colombia.” Likewise, a student of the makerspace said
they were “leveraging the residues of the local gastronomy for
the making of a filter.” The instructor also said that the filter is
intended to improve the water quality for human consumption
in the municipality of Tumaco. Therefore, students are using
available resources to create artifacts that are relevant to their
social contexts, aligned with constructionist practices. The use
of coconut fiber is especially remarkable, as coconut is an
abundant raw material in the location of the makerspace. Here,
the resourcefulness evidenced in the makerspace can connect
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(A) Artifact: coconut filter, (B) low-cost 3D printer, (C) independency video game (SENA, 2022).

FIGURE 2

with practices such as Bio-design, or the incorporation of living
organisms and biological materials in design (Denend, 2015).
This resourcefulness, through our perspective, can be translated
into further explorations of materials and practices that can
be further explored through making education in the Global
South, such as making with recycled and reused e-materials, bio-
design and, with further inclusion and manipulation of living
organisms, makerspaces in the Global South could be a great
setting to explore and include bio-making.

Narratives in maker projects

We identify two forms in which narratives and histories
are included in maker projects: the first one, is that makers
recognize and reshape the histories of materials by recycling
them and reusing them, and the second one is restorying
history. By using coconut fiber and seashells to filter water,
students are recognizing the past histories of these materials,
used previously with gastronomical purposes, and re-utilize
them in the makerspace to make an artifact with social relevance.
Likewise, with the CD-ROM Dirive, students are repurposing an
object with a history, and they are finding a new use/application
for it. While making these artifacts, students are not only
engaging in making processes, but they are also authoring new
stories for these materials. The use of biological materials for
making dialogs with fields such as bio-design and bio-making,
even when the materials, in this case, are no longer alive.

Frontiers in Education

On the other hand, the independentist video game uses
a clear reference to Colombian history, and constituted a
media product, in which students used different modalities
to tell a story and convey ideals. In the game, a retelling
of the independence story is stated by imagining an
indigenous royal commander from the XVII century, Agustin
Agualongo, answering to Simoén Bolivar: “We don’t want your
independence! That fight won’t give us freedom, the power
will only pass to the hands of the “Criollos” (Mixed raced, half
Spaniards, and half indigenous) and now the people will be
subjected and dominated by you. The separation (from Spain
Crown) will only bring us devastation, the blood of my people
will be spilled, children will become orphans, and fear and
suffering will be felt.” This a clear reference to a history in which
ethnical and racial minorities have been excluded from power
and discourse and is also a counter narrative to the traditional
history of independence that has been through in Colombia.
The fact that children from Narifio, a department with an
abundant demographic of these groups, are using makerspaces
to make and design videogames that tell the stories of their
ancestors is remarkable; and a clear example of the presence of
histories and restorying through makerspaces.

Identities in maker projects

There are many ways in which students of the makerspaces
have been addressing their identity in the itinerant technical
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academies. Here, we describe ways in which different metaphors
can be used to read student’s identities through their
makerspace’s projects. First, it was prevalent how students
developed their identity as community critics in the makerspace
projects. In the low-cost 3D printer project, for example,
students clearly identify how future members of the community,
in the makerspace, could benefit from having a 3D printer that is
accessible and can be used by everybody. The necessities of the
community are identified in the water filter project, as students
talked about the necessity of clean and drinkable water in their
community. In these two projects, there is a call for reusing
and recycling materials based on not producing environmental
damage to the community’s natural surroundings. This sense
of belonging and the use of makerspaces to create artifacts
that directly benefit the community reflects on principles such
as Ubuntu, I am because we are, which have had a cultural
resonance in the Colombian pacific region during recent years
(Mina Rojas et al., 2015).

Regarding leveraging cultural identity and sense of
belonging, the independentist video game explicitly calls for
a representation of minoritized communities. As it is said by
one of the characters in the game: “Mr. Bolivar: Us, Indigenous,
Blacks, and Spaniard live together in Narino in a wise manner.”,
and by one of the students of the makerspace: “We wanted to
rescue identities that have been lost, a culture that has stayed
only on books.” Students used the making and design of video
games as a medium to represent and share their ethnic and
cultural identities. Likewise, by using coconut fiber as a water
filter, students are connecting with maker practices that are
traditional to their land and cultures, since coconut has been
used for the making of handcrafts and cultural artifacts in the
region, not to mention its paramount influence in the economy
and the culinary culture. Similarly, the use of seashells connects
with the ancient and traditional use of seashells as a currency of
the Tumaco-Tolita indigenous people who inhabited the region
(Corradine Mora, 2005). Using materials such as coconut and
seashells in makerspaces is not only a matter of resourcefulness
but also a reflection of the cultural identity of the region where
the makerspaces took place.

Discussion

Practices and learning of the Maker Education in the Global
South differ from the maker education in the Global North.
We found three characteristics of makerspaces in Colombia
that could be echoed in maker education initiatives in the
Global South. Our perspective, based on the experience of rural
Narino’s Technical Academy as a makerspace, aims to amplify
current literature on Maker Education in Latin America, led
by Maker Education happening in Brazilian and Colombian
metropolises, Sao Paulo and Bogota respectively, as creative
cities in the region (Sperling et al., 2015). In Colombia, rural
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Maker Education is taking place in the remote areas of the
country, regions with multiple disparities and socioeconomic
challenges, exacerbating autochthonous properties of Maker
learning that impacts STEAM educational systems in Latin
America (Avendano-Uribe et al., 2022).

In our perspective, we identify three characteristics of rural
makerspaces in Colombia that could align and enrich maker
experiences in the Global South. Being open to the inclusion
of resourcefulness, narratives, and identities in makerspaces
can strengthen culture in rural Colombia as well as in other
settings in the Global South. Vulnerable, underrepresented,
and under-educated communities have access to Makerspaces
seeking practical and hands-on education to solve their
day-by-day challenges, seeking entertainment, or even seek
entrepreneurship (Smith, 2017; Reynaga-Pefa et al, 2020;
Gillespie et al., 2021). We find that by doing this they often
include resourcefulness, narratives, and identity in their maker
learning practices.

Our perspective could be useful to scholars, makerspaces
educators, and policymakers. Scholar work on makerspaces in
the Global South may find how these characteristics; narrative,
resourcefulness, and identity, are present in makerspaces, and
might complement theoretical frameworks used to analyze
Maker Education in the Global South. Likewise, educators
could use our perspective to invite their students to leverage
resourcefulness, narratives, and identities through the making
of their artifacts, using students’ lives, stories, cultures, and
environments as inputs. We also call for more attention
from policymakers to the itinerant Technical Academies (ITA)
in Narino-Colombia and other SENA ITA in Colombia,
as paramount learning processes from rural and remote
communities which is theoretically rich for Maker Education
Scholars and practically relevant for other rural communities
in the Global South. We argue that, as living makerspaces,
the model of ITA at National Learning Service -SENA is
worth replicating in other settings of Latin America or
the Global South.

Finally, formal scholarship studying Colombian
makerspaces, whether in the form of ITA or not, is needed.
In our exploration, we found emerging elements of maker
education in rural Colombia, and we suggest that exploring how
these elements are portrayed in other geographies and contexts
can illuminate how maker education in the Global South
is incorporating resourcefulness, narratives, and identities.
We encourage researchers to continue studying elements
that explain Maker Education and how the Global South is
dialoguing with the global-scale maker movement.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

frontiersin.org


https://doi.org/10.3389/feduc.2022.1055722
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Avendano-Uribe et al.

Ethics statement

Written informed consent was obtained from the minor(s)’
legal guardian/next of kin for the publication of any potentially
identifiable images or data included in this manuscript.

Author contributions

BA-U and SO-R contributed to the same percentage of
academic insights, conception of the idea, and wrote all sections.
JP-B collected the data and provided insights on sections 2. All
authors contributed to the article and approved the submitted
version.

Funding

This study was possible thanks to the generous help of
the University of California, Irvine, through the Miguel Vélez
scholarship awarded to the author and the University of
Canterbury Library Open Access fund.

Acknowledgments

Profound gratitude to Dr. Andres Lombana-Bermudez at
Universidad Javeriana in Bogotd, Colombia for his valuable
input while writing the manuscript. ScienteLab and the team
of Science Clubs Colombia who are working to close the
gap between rural and urban scientific education. Thanks to
the Itinerant Technical Academies of Narino and his team
in SENA who believe in the potential of students to achieve
high quality scientific education in Colombia, specifically thanks
to SENA general headquarters, SENA regional Narino, the
system for research, technology, and innovation SENNOVA,
and the great job that Itinerant Technical Academies in Centro
Sur Colombiano de Logistica Internacional SENA who allow
authors of this manuscript to disseminate the work they are
doing. We thank the students and instructors who directly
participated in the three example projects described in this
research: Video Game: Juan Bravo, Santiago Aguirre, Diego
Andrés, Melany Orbes, Camilo Caipe, Jests Escobar. Authors of

References

Abbassi, W., Harmel, A., Belkahla, W., and Ben Rejeb, H. (2022). Maker
movement contribution to fighting COVID-19 pandemic: Insights from Tunisian
FabLabs. RD Manag. 52, 343-355. doi: 10.1111/radm.12503

Avendano-Uribe, B. E., Lombana-Bermudez, A., Flérez, L. V., Chaparro,
E., Hernandez-Morales, A. C., Archbold, J., et al. (2022). Engaging

Frontiers in Education

07

10.3389/feduc.2022.1055722

3D printing project: Samuel Rosero, Dayana Realpe’s, Coconut
filter: Maria Portocarrero, Karen Bernal, Juan Araujo, Elkin
Palacios. Finally, we acknowledge organizations, governments
agencies and people indirectly involved in the three example
projects we are describing in this research: Government of
Narifio (2012-2015 and 2020-2023), Tuquerres Mayor (2012-
2015 and 2020-2023), Educational Institutions and Schools
of the Department of Nariflo who has been involved in the
training processes conducted by Itinerant Technical Academies
(IE Genaro Le6n Guachucal, IE Normal Superior del Mayo. La
Cruz Narifo, IE Ciudadela Mixta Colombia. Tumaco Narifo,
IE Genaro Ledén Guachucal). We acknowledge the people
who have believed and contributed to the development of
Itinerant Technical Academies: Sara Arturo, Libia Ramirez,
Milton Mora, Jhon Cabrera, Juan Lopez, Raul Delgado, Paulo
Rodriguez, Diana Sarmiento. Jorge Tobar, Erika Sanchez,
Mauricio Flérez, Andrés Acevedo, Amanda Vélez, Diana Potost,
Harold Mufoz, Jesus Diaz, Miguel Ramirez, Lorena Guerrero,
Claudia Zambrano, Juan Timaran, Hermes Cuastumal.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
feduc.2022.1055722/full#supplementary- material

scientific diasporas in STEAM education: The case of science Clubs
Colombia. Front. Res. Metr. Anal. 7:898167. doi: 10.3389/frma.2022.89
8167

Barniskis, S. C. (2014). “STEAM: Science and art meet in rural library
makerspaces,” in Proceedings of the iconference 2014 proceedings, Chicago, IL.

frontiersin.org


https://doi.org/10.3389/feduc.2022.1055722
https://www.frontiersin.org/articles/10.3389/feduc.2022.1055722/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/feduc.2022.1055722/full#supplementary-material
https://doi.org/10.1111/radm.12503
https://doi.org/10.3389/frma.2022.898167
https://doi.org/10.3389/frma.2022.898167
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

Avendano-Uribe et al.

Cabello, V. M., Martinez, M. L., Armijo, S., and Maldonado, L. (2021).
Promoting STEAM learning in the early years:“Pequefios Cientificos” Program.
LUMAT Int. J. Math Sci. Technol. Educ. 9, 33-62. doi: 10.31129/LUMAT.9.2.
1401

Corradine Mora, M. G. (2005). Aprovechamiento artesanal del coco en el
municipio de Tumaco Narifio: Informe final. Bogota: Artesanias de Colombia S.A.

DANE (2018). Encuesta nacional de calidad de vida (ECV) 2018. Bogota:
Gobierno de Colombia.

Denend, L. (2015). Biodesign. Cambridge: Cambridge University Press.

Fonseca, L. Y. A, and Vargas, O. R. P. (2016). Retos del SENA en el marco
de la educacion terciaria en Colombia. Rev. Rutas Form. 3, 36-43. doi: 10.24236/
24631388.n3.2016.632

Franco, J. P., Tovar, M., Uribe, B. A., Gonzalez, N. G., Quiroga, D. F,,
Ramirez, S. B., et al. (2019). “Cunning: From play to wit, a STEM science
club for technological and social entrepreneurship, in: 2019 IEEE Integrated
STEM Education Conference (ISEC),” in Proceedings of the 2019 IEEE Integrated
STEM Education Conference (ISEC), (Princeton, NJ: IEEE), 117-123. doi: 10.1109/
ISECon.2019.8882094

Gillespie, S. M., Agu, O. N., and Maggiore, E. (2021). “How Well Can
Makerspaces Build an Entrepreneurial Mindset?,” in Presented at the 2021 ASEE
Virtual Annual Conference Content Access. https://peer.asee.org/37215

Halverson, E. R., and Sheridan, K. (2014). The maker movement in education.
Harv. Educ. Rev. 84, 495-504. doi: 10.17763/haer.84.4.34j1g68140382063

Holland, D., Lachiocotte, W., Skinner, D., and Cain, C. (1998). Identity and
agency in cultural worlds. Cambridge, MA: Harvard University Press.

Kolodner, J. L., Camp, P. J., Crismond, D., Fasse, B., Gray, J., Holbrook, J., et al.
(2003). Problem-based learning meets case-based reasoning in the middle-school
science classroom: Putting learning by design (tm) into practice. J. Learn. Sci. 12,
495-547. doi: 10.1207/S15327809JLS1204_2

MEN (2015). OECD-Colombia education and skills accession policy review:
Country background report. Bogota: Ministry of National Education.

Mina Rojas, C., Machado, M., Botero Mosquera, P., and Escobar, A. (2015).
Luchas del buen vivir por las mujeres negras del Alto Cauca. Némadas 167-183.
doi: 10.30578/nomadas.n43al0

Moje, E. B., and Luke, A. (2009). Literacy and identity: Examining the metaphors
in history and contemporary research. Read. Res. Q. 44, 415-437. doi: 10.1598/
RRQ.44.4.7

Ochoa-Rojas, L. F. (2021). Techno-Science in the Training of Technologists in
SENA-Colombia. Int. J. Eur. Stud. 5:48. doi: 10.11648/j.ijes.20210502.12

OECD (2016). Education in Colombia, reviews of national policies for education.
Paris: OECD Publishing. doi: 10.1787/9789264250604-en

Oteng-Ababio, M. (2012). When necessity begets ingenuity: E-waste scavenging
as a livelihood strategy in Accra, Ghana. Afr. Stud. Q. 13, 1-21.

Peppler, K., Halverson, E., and Kafai, Y. B. (2016). . Makeology: Makerspaces
as learning environments, Vol. 1. New York, NY: Routledge. doi: 10.4324/
9781315726519-1

Restrepo, C. V., Benavides, E., Zambrano, J. C., Moncayo, V., and Castro, E.
(2022). Hand made solar cells from chlorophyll for teaching in high school energy
education. Int. J. Ambient Energy 43, 1654-1660. doi: 10.1080/01430750.2020.
1712243

Reynaga-Pena, C. G., Myers, C., Fernandez-Cardenas, J. M., Cortés-Capetillo,
A.]., Glasserman-Morales, L. D., and Paulos, E. (2020). “Makerspaces for inclusive
education,” in Presented at the international conference on human-computer

Frontiers in Education

08

10.3389/feduc.2022.1055722

interaction, eds M. Antona and C. Stephanidis (Berlin: Springer), 246-255. doi:
10.1007/978-3-030-49108-6_18

SENA (2022). SENA [WWW Document]. Available online at: https://www.
tecnoacademiassena.com/tecnoacademiasitinerantes/ (accessed November 10,
2022).

Seo-Zindy, R., and Heeks, R. (2017). Researching the emergence of 3D
printing, makerspaces, hackerspaces and fablabs in the global south: A scoping
review and research agenda on digital innovation and fabrication networks.
Electron. ]. Inf. Syst. Dev. Ctries. 80, 1-24. doi: 10.1002/j.1681-4835.2017.tb00
589.x

Shaw, M., and Kafai, Y. (2020). “Charting the identity turn in K-12
computer science education: Developing more inclusive learning pathways for
identities,” in The Interdisciplinarity of the Learning Sciences, 14th International
Conference of the Learning Sciences (ICLS) 2020, eds M. Gresalfi and
I. S. Horn (Nashville, TN: International Society of the Learning Sciences),
114-121.

Shaw, M. S,, Ji, G., Zhang, Y., and Kafai, Y. B. (2021). Promoting socio-
political identification with computer science: How high school youth restory
their identities through electronic textile quilts. Presented at the 2021 conference
on research in equitable and sustained participation in engineering, computing, and
technology (respect) (Piscataway, NY: IEEE), 1-8.

Sheridan, K., Halverson, E. R., Litts, B., Brahms, L., Jacobs-Priebe, L., and
Owens, T. (2014). Learning in the making: A comparative case study of
three makerspaces. Harv. Educ. Rev. 84, 505-531. doi: 10.17763/haer.84.4.
brr34733723j648u

Sheridan, K. M., and Konopasky, A. (2016). Designing for resourcefulness in
a community-based makerspace. Makeology 1, 30-46. doi: 10.4324/9781315726
519-3

Smith, A. (2017). Social innovation, democracy and makerspaces. Available
online at: https://ssrn.com/abstract=2986245 (accessed June 14, 2017). doi: 10.
2139/ssrn.2986245

Solis-Molina, M. A., Fernandez, M., and Orejuela, A. R. (2017). Impacto del
SENA en la innovacion de las empresas manufactureras en Colombia: Una mirada
desde la ambidestreza organizacional. Inf. Téc. 81, 9-23. doi: 10.23850/22565035.
712

Sperling, D. M., Herrera, P. C., and Scheeren, R. (2015). “Migratory movements
of homo Faber: Mapping fab labs in Latin America,” in Proceedings of the
2015 international conference on computer-aided architectural design futures, Los
Angeles, CA, 405-421. doi: 10.1007/978-3-662-47386-3_22

Stacey, M. (2014). The FAB LAB network: A global platform for digital
invention, education and entrepreneurship. Innov. Technol. Gov. Glob. 9,221-238.
doi: 10.1162/inov_a_00211

Stets, J. E., and Burke, P. J. (2000). Identity theory and social identity theory. Soc.
Psychol. Q. 63, 224-237.

Thomas, E. E., and Stornaiuolo, A. (2016). Restorying the self: Bending toward
textual justice. Harv. Educ. Rev. 86, 313-338. doi: 10.17763/1943-5045-86.3.
313

Torres Madroiiero, E. M., Ruiz Botero, L. D., Pineda Rua, C., and Torres-
Madronero, M. C. (2021). Peace education in contexts of transition from armed
conflict in Latin America: El Salvador, Guatemala, and Colombia. Peace Confl. J.
Peace Psychol. 27, 203. doi: 10.1037/pac0000563

Wenger, E. (1998). Communities of practice: Learning as a social system. Syst.
Thinker 9, 2-3.

World Bank (2021). Building an equitable society in Colombia. Washington, DC:
World Bank. doi: 10.1596/36535

frontiersin.org


https://doi.org/10.3389/feduc.2022.1055722
https://doi.org/10.31129/LUMAT.9.2.1401
https://doi.org/10.31129/LUMAT.9.2.1401
https://doi.org/10.24236/24631388.n3.2016.632
https://doi.org/10.24236/24631388.n3.2016.632
https://doi.org/10.1109/ISECon.2019.8882094
https://doi.org/10.1109/ISECon.2019.8882094
https://peer.asee.org/37215
https://doi.org/10.17763/haer.84.4.34j1g68140382063
https://doi.org/10.1207/S15327809JLS1204_2
https://doi.org/10.30578/nomadas.n43a10
https://doi.org/10.1598/RRQ.44.4.7
https://doi.org/10.1598/RRQ.44.4.7
https://doi.org/10.11648/j.ijes.20210502.12
https://doi.org/10.1787/9789264250604-en
https://doi.org/10.4324/9781315726519-1
https://doi.org/10.4324/9781315726519-1
https://doi.org/10.1080/01430750.2020.1712243
https://doi.org/10.1080/01430750.2020.1712243
https://doi.org/10.1007/978-3-030-49108-6_18
https://doi.org/10.1007/978-3-030-49108-6_18
https://www.tecnoacademiassena.com/tecnoacademiasitinerantes/
https://www.tecnoacademiassena.com/tecnoacademiasitinerantes/
https://doi.org/10.1002/j.1681-4835.2017.tb00589.x
https://doi.org/10.1002/j.1681-4835.2017.tb00589.x
https://doi.org/10.17763/haer.84.4.brr34733723j648u
https://doi.org/10.17763/haer.84.4.brr34733723j648u
https://doi.org/10.4324/9781315726519-3
https://doi.org/10.4324/9781315726519-3
https://ssrn.com/abstract=2986245
https://doi.org/10.2139/ssrn.2986245
https://doi.org/10.2139/ssrn.2986245
https://doi.org/10.23850/22565035.712
https://doi.org/10.23850/22565035.712
https://doi.org/10.1007/978-3-662-47386-3_22
https://doi.org/10.1162/inov_a_00211
https://doi.org/10.17763/1943-5045-86.3.313
https://doi.org/10.17763/1943-5045-86.3.313
https://doi.org/10.1037/pac0000563
https://doi.org/10.1596/36535
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/

	Resourcefulness, narratives, and identity in science, technology, engineering, arts and mathematics education: A perspective of makerspaces for rural communities in Colombia
	Introduction
	State of the art: Colombian technical academies as maker spaces
	Our perspective: Three elements of rural Colombia makerspaces
	Resourcefulness
	Narratives
	Identity

	Resourcefulness, narratives, and identity in maker projects of technical academies
	Resourcefulness in maker projects
	Narratives in maker projects
	Identities in maker projects

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


