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ABSTRACT 
While many makerspaces are created by and cater to middle-aged males, our research has found that 
young women enjoy engaging in a multitude of making disciplines, including those traditionally 
thought of as masculine such as woodworking. In the AAMASE project, we worked with participants 
and program staff to co-design an eight-week program focusing on introducing several making 
disciplines with a set of principles, activities, and tools to support youths' agency in a community-based 
makerspace in the mid-Atlantic region of the United States. Most participants were African American 
high-school-aged young women from two out-of-school learning organizations and a private school. 
Making projects ranged from single-day projects, such as creating resin art pieces, to longer  
multi-session projects, such as making a laser engraved cutting board. We found that projects supported 
participants’ agency as assessed through a framework we developed consisting of five criteria  
(self-efficacy, personalization, connection, planfulness, and iteration) consistent with the research 
literature on agency. Our research found that single-day projects supported participants’ self-efficacy, 
personalization, and connection, and longer final projects supported their planfulness and iteration.  
The paper also briefly describes the researchers’ use of artifact elicitation and provides 
recommendations for future research on agency and for practices that support agency. 
 
Keywords: making, STEM, youth development, agency, design principles. 
 
 
1. INTRODUCTION 
 

African American Young Women in Making to Engage in STEM and Entrepreneurship 
(AAMASE) was an NSF ITEST Developing and Testing Innovations project aimed at 
serving 13–18-year-old young women in Greensboro, North Carolina, USA from 2022-2025. 
The project was a collaboration between TERC, a STEM education research and 
development organization, and the Forge Greensboro, a nonprofit community makerspace. 
Through participatory design research (PDR; Coenraad et al., 2019), AAMASE engaged 
youth in making and entrepreneurship activities emphasizing STEM disciplinary practices to 
amplify their agency while building their engagement and skills in STEM and their awareness 
of STEM career pathways. Youth participants learned how to design, build, and pitch a 
product with guidance from adult designers, makers, and entrepreneurs. Activities were 
designed based on the youth’s interests with the goal of supporting their agency development. 
Activities included short, one-session projects to explore specific making disciplines and 
final projects where youth chose one of the making disciplines to develop a product that 
would address a problem from a pre-selected set of profiles, each with a design challenge 
that could be solved by youth in an open-ended way. For example, one of the profiles was 
about a young woman who needed a system to organize her school locker. AAMASE 
participants who chose this profile then selected one of the making disciplines they learned 
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earlier in the program to address the design challenge. The research included multiple data 
collection methods (e.g., surveys, interviews with partners and program staff, observations, 
artifact elicitation) to gain a holistic understanding of the PDR process from the perspective 
of all involved as well as the learning and changes that participating youth experienced. This 
paper focuses on youths’ agency and experience throughout the program, integrating data 
from artifact elicitation interviews and observations. 
 
2. LITERATURE REVIEW 
 
2.1. Makerspaces as STEM Learning and Agency Developing Environments 

Research has shown that makerspaces are often not supportive environments for  
non-dominant youth or women (Calabrese Barton & Tan, 2018). AAMASE aimed to address 
this challenge by situating its approach to making as a community-centered, culturally 
embedded practice. Making and design projects bring together tools and communities to 
provide both motivation and a context for developing STEM practices (Gravel et al., 2018; 
Martin, 2015) that are aligned with the Next Generation Science Standards (NGSS) (NGSS 
Lead States, 2013). We see NGSS practices and concepts (e.g., defining problems, designing 
solutions, patterns, cause and effect) as highly aligned with making practices when STEM 
content becomes part of the making. In fact, programs like AAMASE can support improved 
agency in implementing making practices and STEM content that results in new visions of 
STEM that invite broader participation (Calabrese Barton, Tan, & Greenberg, 2017). 

In the making and makerspaces literature, different types of agency are described, such 
as individual agency, collective agency, and transformative agency. Schouweiler & Heredia 
(2021) defined individual agency as “the ability for youth to make meaningful decisions in 
how they engage with a learning setting” (p. 1). Marsh and colleagues (2018) found that 
implementation of a project focused on maker literacies and citizenship fostered collective 
agency, which often led to a strong sense of social inclusion and the development of 
communal cultures to address community issues. Kajamaa and Kumpulainen (2019) defined 
transformative agency “as a cognitive transformation and reframing process evidenced in 
young people’s initiative and commitment to transform the context(s) of their activity for 
personal, academic, working life, and/or civic ends” (p. 266). Though they describe different 
types of agency, these three definitions converge on autonomous decision making, addressing 
issues of interest (individual or communal), and engaging in transformation. At the same 
time, the literature lacks a structured understanding of the different components of agency or 
how to measure it with participants in makerspaces.  
 
2.2. Young African American Women as Makers and Entrepreneurs 

Makerspaces have the potential of responding to young women’s interests to build on 
their strengths, like overcoming obstacles and seizing opportunities (Stevens, 2002). Creating 
more supportive environments for making and learning requires “learning designers to 
consider who a maker is (and who can be a maker); what a maker does; for whom a maker 
makes … [and] who a maker can become in, and through, the act of making” (Castek et al., 
2019, p. 5). Importantly, design principles for fostering more equitable making environments 
call for incorporating STEM practices as a meaningful part of the making activity (Vossoughi 
et al., 2013). Research into entrepreneurship education has shown that learner agency can be 
supported by increasing self-efficacy, perceived behavioral control, and intentional action, 
particularly through experiential, action-oriented pedagogies that require learners to set 
goals, make consequential decisions, and adapt under uncertainty (Fayolle & Gailly, 2015; 
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Martin, McNally, & Kay, 2013; Nabi et al., 2017). Some research, however, has suggested 
that entrepreneurship education outcomes can differ by gender (J. Weiss et al., 2023).  
To better support young women, AAMASE centered their making interests and experiences 
to subvert the inequities often found in making culture and actualized culturally sustaining 
and youth-centered pedagogy by amplifying participants’ voices (Champion et al., 2020). 
 
2.3. Engaging Young African American Women through PDR 

Too often, while non-dominant youth are the intended audience for STEM programs, 
they are denied influence on the programs’ designs. In fact, youth more broadly aren’t often 
considered stakeholders of programs for which they are the targeted audience. For example, 
the design principles in Kennedy and Odell’s (2014) overview of high-quality STEM 
programs left youth out of the stakeholders included in the design of such programs. Ignoring 
youth results in missed opportunities for helping minoritized youth learn STEM practices in 
a way that influences their views of their STEM futures (Tan et al., 2013). PDR offers an 
alternative: “Participatory design is an essential design strategy for creating artifacts and 
experiences that reflect the voices of the population being designed for and with” (Coenraad 
et al., 2019, p. 185). In AAMASE, three factors contributed to the program reflecting the 
youths’ STEM and making-related interests: (1) youth were told at the beginning of the 
program that it was a research project and that their voices were essential for the field to learn 
from their experiences; (2) the AAMASE program staff and design researchers asked the 
participants (a majority of whom were young women of color) what they wanted to create 
and learn and then observed participants’ engagement throughout up through reflections on 
completed build cycles; and (3) perhaps most critically, when youth asked for different 
resources or learnings, program facilitators worked diligently to provide the experience that 
the youth were seeking. Youths’ involvement in the PDR process supported the development 
of their agency as a group because they experienced a program where their experiences, 
opinions, and interests were centered and meaningfully attended to. 
 
3. THEORETICAL FRAMEWORK 

 
This work is framed by a values-based theory of change centered around agency. 

Theory of change (C. Weiss, 1995) is a theory of how and why an initiative works. It makes 
clear what assumptions are being made in an intervention, and the desired outcomes.  
A values-based theory of change starts with a value or values for learning and engagement 
(Wardrip, Evancho, & McNamara, 2018). For this project, agency was a central value. We 
propose a definition of agency as follows: a person’s or group’s ability, inclination, and 
sensitivity to conceptualize and pursue the making of an object (physical, psychological, 
and/or social) to address a need or desire given a set of appropriate physical and/or social 
resources. This working definition allows the scaling of our unit of analysis between 
individual and group as appropriate as well as recognizing the salient resource features of an 
environment. In their review of the agency literature, Cavazzoni, Fiorini, & Veronese (2022) 
defined agency loosely as "people’s ability to exert control over one’s life and [to] pursue 
goals" (p. 1126) and found that studies used agency along two main conceptual pathways:  
(1) how an individual engages in agentic actions across their social environments; and  
(2) how an individual engages in agentic action in a more constrained realm of action. Our 
working definition of agency is aligned with the more constrained perspective as we aim to 
support and develop agency in participants in making and STEAM-focused learning 
environments. 
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Cavazzoni and colleagues wrote, "There is still little agreement on how this construct 
[of agency] should be understood and defined. ... Indeed, no current consensus or 
standardized methodology exists to assess agency" (2022, p. 1125). So, even though there 
are several validated instruments to measure agency or similar constructs, each one measures 
different dimensions of the phenomenon. Given this lack of consensus and based on the 
agency literature and Cavazzoni and colleagues’ literature review, the AAMASE team 
proposes the following five-criteria framework for assessing agency among non-dominant 
youth in a makerspace. The purpose of this five-criteria framework is to translate the current 
research on agency that has been conducted outside of makerspaces to make it applicable to 
the specific conditions of makerspaces and non-dominant youth: 

(1) Self-efficacy. There is evidence that participants perceive that their effort 
influences their success (Bandura et al., 2001). This criterion incorporates 
elements of perceived competence, responsibility, confidence, and an internal 
locus of control (i.e., participants believe that they are in charge of their own 
successes and failures).  

(2) Personalization. The products/processes that participants create/articulate show 
attempts to make them more relevant or useful to specific people in participants’ 
lives. This criterion incorporates elements of freedom, autonomy, and voice. The 
notion of personalization here aligns with “voice” and “decision-making” 
addressed by Zimmerman and colleagues (2019) related to participants’ ability to 
articulate choices and opinions without the need to seek outside approval. 

(3) Connection. The products/processes that participants create/articulate show 
connections to and empathy for self and/or others. This criterion incorporates 
elements of participation in a community, such as through service, and critical 
consciousness. These elements are related to Bentley-Edwards' (2016) work on 
racial agency, which engages notions of group cohesion and the sense of being 
able to enact change in the world.  

(4) Planfulness. The products/processes that participants create/articulate show 
evidence that they were pursued based on some plan or design. This criterion 
incorporates elements of fact gathering and problem solving (Hitlin & Elder, 2006) 
in decision-making processes. 

(5) Iteration. The products/processes that participants create/articulate show evidence 
that they were improved upon. This criterion incorporates elements of resilience 
(Lautamo et al., 2020) and the flexibility to adapt in the face of difficulties or 
changes.  

We developed these five criteria for assessing agency focused on non-dominant youth 
in makerspaces; so, they are not meant to be exhaustive or applicable to all educational 
settings or all youth. We based the selection of these criteria on being immersed in the data 
collected as part of our research in making and makerspaces in this project, which allowed 
us to identify the most salient due to their strong alignment with the PDR framework we 
employed in the design and implementation of the project. In addition, these build on our 
previous work on identity development through making (Knudsen, Jaumot-Pascual & Levin 
Güracar, 2025).   

 
4. RESEARCH DESIGN AND METHODS 
 
4.1. Research Design 

AAMASE conducted PDR (Coenraad et al., 2019) where curriculum was designed, 
tested, and modified with the population for which it was being designed in an iterative 
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process where the research data informed curriculum development. The research used a 
mixed methods design (Creswell, 2021) that included surveys, artifact elicitation interviews 
with youth, interviews with facilitators, session recordings and observations, and document 
analysis. The purpose of this mixed methods design was to get a broad view of how the 
program worked for the youth and others involved, to understand youths' experiences in the 
program and what they learned, and to learn how the PDR process worked for all involved. 
The multiple data collection methods were designed to provide information about the study’s 
phenomena from multiple perspectives to allow for triangulation of findings (Greene, 2007).  
 
4.2. Data Collection Methods 

A major element of data collection was artifact elicitation (Douglas et al., 2015;  
Levin-Güracar et al., 2024), wherein the interviewee brings an artifact that they made in the 
program with them into the interview to spark a conversation about their experiences and 
what they learned. Since the objects were created by the youth, they embody their knowledge, 
skills, and attitudes and make interviews easier by shifting the focus from the  
interviewer-interviewee dyad to the object. This type of interview elicits richer information 
than regular interviews because images and objects facilitate recalling processes and 
memories in more detail (Harper, 2002). For this project, a protocol was developed to 
contribute to the understanding of participants’ development in the project’s three foci 
(STEM, making, entrepreneurship). The protocol started the conversation around how they 
approached the design and making process, with follow-up prompts about process, design, 
idea gathering, and prototyping. Artifact elicitation interviews took place utilizing different 
formats and contexts, depending on the specific circumstances of the program. For example, 
some artifact elicitations were recorded by the participants themselves responding to a short 
set of questions provided by the research team. Other interviews were conducted by the 
program’s facilitator as part of the debriefing process at the end of some sessions. Most 
artifact elicitation interviews were conducted by members of the research team as part of the 
data collection efforts at the beginning and at the end of each eight-week program cycle. 

The role of the research team regarding its presence at the makerspace changed over 
the duration of the project. The first author (who was also the project’s PI) was an ongoing 
presence at the makerspace during its first year. During the second year of the project, he 
moved away, so his presence was more intermittent, focusing on key moments to collect data 
for the project, such as the beginning or the end of a session. The second and third authors 
were present at key moments to collect data, such as to gather the pre/post surveys and to 
conduct artifact elicitation with participants. All authors participated in the PDR process and 
conducted data analysis.  
 
4.3. Data Analysis Methods 

We used deductive coding (Fereday & Muir-Cochrane, 2006) to analyze artifact 
elicitation interview transcripts. We pre-selected a set of deductive codes based on our 
theoretical framework, including our five criteria for assessing agency, to identify sections 
of transcripts that exemplified each of the criteria. After deductive coding, we conducted 
thematic analysis (Fereday & Muir-Cochrane, 2006) to group codes into three broad themes: 
exploration, problem solving, and entrepreneurship. 
 
4.4. Context and Participants 

TERC worked with the Forge Greensboro, a makerspace in the Southeastern U.S., to 
develop and implement AAMASE, which integrated STEM and entrepreneurship into an 



 
 
 
 
 
K. Rafanan, N. Jaumot-Pascual, E. Levin-Güracar, & T. Lara-Meloy 

134 

eight-week program for middle and high school young women, serving over 50 youth over 
two years. The research insights shared below are based on data from four groups that 
participated in the program for eight weeks each. In each of the first five sessions of an 
AAMASE program, youth were introduced to a different making discipline such as resin, 
woodworking, pottery, laser cutting, metalworking, 3D printing, sewing, and electronics. 
These disciplines were chosen in community with the participants. As a kind of capstone, for 
the final three sessions, youth were presented with a selection of 12 design challenges to 
solve a problem for a facilitator-created youth persona. Youth had full agency in selecting 
which challenge they wanted to take on, as well as choice in how they wanted to address the 
design challenge with access to multiple making disciplines, materials and making mentors 
around the Forge. Entrepreneurship was integrated throughout by implementing a series of 
strategies that included the following: participants developed their brand concept; they 
learned about business concepts (e.g., costs, labor, and marketing); and youth showcased 
their project and their business ideas in a final project presentation that included discussion 
of their brand, business concepts, and the problem their product contributed to address.  

Each group had about 10 middle and high school age young women who were mostly 
African American, but also included white, Hawaiian Native, and Latina young women. 
Three participant cohorts were recruited through out-of-school learning organizations that 
had existing youth-serving programs, and one cohort was recruited from a local private 
school. 

In this paper, we focus on three young women, Ciera, Addison, and Nora (all names 
are pseudonyms). Ciera and Nora were in their last year of high school, and Addison was in 
her first year of high school. Both Ciera and Addison participated in two rounds of the  
eight-week program cycles, and Nora participated in a single round. All three young women 
were African American young women and participated in artifact elicitation through  
self-recording and during data collection conducted by program researchers. The three young 
women came to the program through AAMASE’s partnerships with local youth development 
groups, with Ciera and Addison coming through one partner and Nora coming through a 
different one. These three young women were selected for this chapter due to a few reasons. 
They were willing to talk with researchers and were quite articulate in their answers to our 
questions, which is not always the case with youth participants. We also had more videos 
from Ciera (7) and Addison (5) than other participants because they participated in two 
rounds, so we had more opportunities to conduct artifact elicitation interviews with them. We 
had three videos featuring Nora. The three cases presented here reflect the broader patterns 
observed among project participants, though with richer examples than other participants.   
 
4.5. Limitations 

Given that the analysis focuses on three individual case studies, this chapter’s purpose 
is to provide an in-depth, contextualized, and holistic understanding of three individuals’ 
experiences and use of agency in their participation in a program in a makerspace. Given the 
use of qualitative methods, these insights do not seek generalizability; rather, we used 
contextualized insights to answer how and why a program focused on making supports these 
three young women’s agency, which is something that quantitative methods would not be 
able to answer.   
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5. FINDINGS. SUPPORTING AGENCY THROUGH MAKING 
 

The application of the five criteria to assess agency through the interview transcripts 
with AAMASE youth serves to show examples of how each criterion may appear in the data 
and to provide proof of concept of this new model. In addition, this model can be used to 
guide practitioners in the implementation of programs that support agency development 
among non-dominant youth in makerspaces. 

Given our working definition of agency, in addition to organizing the project to be an 
agency-supportive environment more generally, the specific learning activities and  
youth-centered pedagogy in AAMASE aimed to support the five-criteria framework of 
agency that we have defined above: self-efficacy, personalization, connection, planfulness, 
and iteration. A single making activity might incorporate support for all five of the criteria or 
just a subset, but no activity failed to support multiple. We found that exploring making 
disciplines through single-day activities supported personalization, connection, and  
self-efficacy, while engaging in problem solving through longer final projects provided 
opportunities for participants to engage in planfulness and iteration. We also found that 
exploring making disciplines in the context of entrepreneurship development supported 
personalization, planfulness, and connection. We explore three cases, Ciera, Addison, and 
Nora, that provide examples of how the five elements of agency were supported through 
AAMASE. 
 
5.1. Supporting Agency Through Exploration 

One of the single-day activities where youth explored a making discipline engaged 
participants in a resin art project. This meant that, unless they chose to use resin for their final 
project, youth typically did not get to fully iterate using this discipline. Youth worked with a 
mentor to experience the fundamentals of resin art as well as some of its chemistry. Youth 
were provided with coaster molds and various materials that could be used inside of the resin 
(e.g., flowers, leaves, glitter). Youth were also welcome to further personalize their projects 
using their own materials.  

Ciera participated in two AAMASE sessions, so she got to experience most disciplines 
twice, which allowed her to gain meaningful experience and iterate on her ideas. She was 
particularly excited about the array of possibilities that working with resin afforded. She 
appreciated the creativity afforded by this medium in the making of objects that were both 
visually attractive and useful. 
 
5.1.1. Personalization 

Ciera provided an example of personalization through her engagement with her resin 
project, which she attempted to make more relevant to her life by making autonomous 
choices about its style. Ciera decided to personalize her project by incorporating a photocard 
of two K-pop stars, a unique decoration that she had brought, into her resin coaster pour  
(see Figure 1). In her artifact elicitation interview with a researcher, Ciera expressed 
excitement about her coaster because of its novelty. She explained that using the photocard 
brought a part of herself into the project: 

 

It kind of gave it a little bit more meaning because, even though it's a piece of 
cardboard, you know, with two random people who probably will never know me, it 
brings me joy, ... making this whole piece that I know that no one else in the world 
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could basically remake because of how different epoxy is, it kind of makes it all a little 
bit more, ... gives a little bit more worth to me.  

Ciera personalized the resin project, making it more relevant for herself by adding her 
favorite artists’ photo directly into her resin pour. The open nature of the project made this 
possible. While the product (coaster) was the same for all students, it was open as to how 
they decorated and made the final product their own.  

 
Figure 1. 

Photograph of Ciera’s resin coaster in which she incorporated a photo card. 
 

 
 
5.1.2. Connection 

Ciera’s resin coaster project provided an example of the agency criterion of connection 
by bringing it together with her notion of herself and her sense of being a creative person. 
Ciera considered this project to be an opportunity to use her creativity and making something 
bespoke. She explained, 

It's awesome ... I like this project a lot because it has a lot of creativity and uniqueness 
with it. You know, you could all be given the exact same materials and everyone could 
create something completely different. I like [it] because you can express your 
individuality, and you can basically bring yourself into your piece. And then your piece 
is an extension of you. 

Ciera’s project further demonstrated the agency element of connection as it connected 
her to peers through their shared interest in K-pop. In her artifact elicitation, Ciera intimated, 
“I kinda had [my friend] in mind when I made it.” This kind of youth-driven connection to 
others through making was common in the AAMASE program. 
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5.1.3. Self-Efficacy 
Ciera also demonstrated the agency criterion of self-efficacy by showing her awareness 

that the effort she put into her projects influenced her success. She showed that she had a 
sense of competence and that she was aware of the impact of her actions on herself and others. 
She was proud of what she created and was able to use the materials to make something 
personal. She shared that AAMASE provided her with a space to explore her creativity and 
even to get to know herself better, a key developmental milestone for teenagers. She stated, 

While I’m here at the Forge, I want to dive into my own creativity. I haven’t been able 
to connect as well to my creative side, and I feel like, if I can, then I can get to know 
myself better. Plus, the more you create, the more creative you are, then, the more 
pieces of yourself that you get to make. And that can make others happy; it can make 
you happy. 

In addition, she considered using her creativity to contribute to others’ happiness, 
building her interest in helping others. To support youth in experiencing their “creative side”, 
projects must support youths' agency and support them in engaging in ways that connect to 
themselves. Ciera talked about making by using pieces of herself, clearly understanding the 
importance of personalization in the making process. 

In her second time participating in AAMASE, Ciera’s choice of making discipline to 
address the capstone design challenge provided strong evidence of her self-efficacy, her 
belief that she could work towards a successful build. Ciera chose to crochet a shopping tote 
even though crochet was not one of the disciplines supported through the program. Ciera 
learned to crochet on her own (through YouTube), and she did, indeed, crochet a shopping 
tote.  
 
5.2. Supporting Agency through Problem Solving  

Addison participated in AAMASE twice, which meant that she did two final projects 
where she had two opportunities to iterate her use of a making discipline and plan a final 
project to solve a problem. Her two final projects were clay flowerpots and a laser-engraved 
chopping board. Her flowerpot project was in response to a design profile where the persona, 
a plant enthusiast, was looking for a fun and unique way to hold her numerous houseplants. 
The second project responded to a design profile where the persona is learning to cook and 
needs a confidence boost in the kitchen.  

During one of the artifact elicitation interviews, Addison mentioned that pottery was 
her favorite making discipline of all those she tried in AAMASE. She saw it as a hobby that 
she would like to pursue in the future, so she was excited whenever she had an opportunity 
to work with clay in the program and enthusiastically jumped at the opportunity to have her 
final project use pottery.  
 
5.2.1. Iteration 

Addison provided an example of the agency criterion of iteration by talking about the 
qualities of different types of clay and how she had learned about each and used this 
knowledge wo improve upon her designs. Addison’s eagerness to work with clay provided 
her with opportunities to try different pottery techniques, such as hand building and using the 
pottery wheel, and to use different types of clay, such as stoneware clay and terracotta. When 
hand building the flowerpots for her first final project, Addison used two different types of 
clay, which allowed her to iterate and improve upon the techniques that she had learned in 
previous projects (see Figure 2). She explained,  
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I made this [small rectangular planter] in [AAMASE] today. I'm not done with it. I have 
to add little pegs to it. But it's going to eventually be a tiny plant pot for succulents and 
stuff. And then I made this [larger house-shaped planter]. ... It's going to be a house 
for bigger plants that are going to go inside. And I think the biggest problem that I had 
was this one [small rectangular planter], because this is a different type of clay. This 
is terracotta and it's like, I don't know. .... This one [larger house-shaped planter clay] 
is easier to deal with, to mold stuff together and put it together. This one [small 
rectangular planter clay] is thinner, I guess. So, I definitely learned to be patient in the 
process of making them and then something that would help other people maybe in the 
future. 

Not only did Addison learn to be patient but also considered using her pottery skills as 
something that can help others in the future by being able to make useful things for them or 
to teach them these skills. 

 
Figure 2. 

Photograph of AAMASE participant, Addison, presenting her small rectangular planter. 
 

 
5.2.2. Planfulness 

Addison provided an example of the agency criterion of planfulness by showing that 
she had implemented a plan in the making of a project. When working on her second final 
project (a cutting board with two engraved hearts), Addison kept in mind what she had 
learned in a previous project where the group used the laser engraver to plan for the cutting 
board. The first project Addison created using the laser engraver as part of AAMASE 
involved making a journal with wooden covers where participants laser engraved images that 
represented them. She and the group found that the laser burned the wood beyond the line of 
the image they wanted to engrave, creating a burnt shadow around the lines (see Figure 3). 
So, the group devised a solution: to cover the areas that were going to be engraved with tape 
so that the tape would dissipate heat from the base material adjacent to the engraved line and 
they would not have the unwanted shadow. Addison explained,  
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Researcher: How did you do the hearts? 
Addison: Oh, we had used the laser engraver out there, and we had looked up a picture 
online, and then we had put it in the computer and then on the little website thing that 
the thing is connected to. And then we had to put tape over it so it wouldn't burn the 
wood that much. I don't know how to explain it, but when we had made the journals, 
we didn't put tape over it. So, it gave it that burning look on the outside, instead of just 
a clear line. ... The tape, it kind of blocked that, so it was just straight lines instead. ... 
And it just went straight through the tape and then we just peeled it off. 

Her previous experience with the laser engraver allowed Addison to be planful in how 
to implement the necessary steps to produce the final project that she had in mind. 
 

Figure 3. 
Photograph of AAMASE participant, Addison, holding the laser engraved wooden journal 

cover that she created in her initial work with the laser engraver.  
 

 
 
5.3. Supporting Agency through Entrepreneurship  

The focus on entrepreneurship in AAMASE increased through the program’s iterations. 
Initially, the program had one day when the main focus was entrepreneurship, and then, in 
their final presentation at the end of the session, participants addressed their plan to market 
the product they designed for their final project. In later iterations, entrepreneurship was 
woven into every week’s content and even in the space’s decorations and enrichment signage 
(see figure 4).  
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Nora participated in AAMASE in one of its later iterations, when entrepreneurship was 
embedded throughout the program. Like other AAMASE participants, Nora was excited 
about the idea of creating her own products and brand, and was eager to share her ideas with 
the researchers.  

 
Figure 4. 

Photograph of two AAMASE participants learning to use sewing machines.  
On the wall in front of them, there is a board with entrepreneurship concepts, including 
considerations when developing a product such as a t-shirt, a definition a brand is, and 

channels that can be used to market a product.  
 

 
 
5.3.1. Personalization  

Nora provided an example of the agency criterion of personalization by developing a 
brand that articulated her choices and opinions without the need for outside approval, 
expressing her freedom and personal voice. Nora took the opportunity to personalize what 
she did in the program; she designed her own brand, positioning it so that it represented her 
and her ideas, and defining her products and how she wanted to sell them: 

My brand, it says it's “Mars World” because it's about me. … I would mainly make  
T-shirts or weird socks … The ceramics … I like weird stuff like little, tiny creatures, 
but they would be cute. My brain is like the mixture between cute and edgy. 

She wanted her products and brand to reflect her feeling of being different from other 
youth her age, with an emphasis on creating idiosyncratic products that reflected her 
personality. Nora also thought that the program was empowering: 

[I was excited about the program because of] the pottery and the fashion aspect of it. 
And then how [it] is majority based on females empowering each other. 

Not only did the program allow her to explore her interests in making disciplines that 
she got to learn and practice, but it also provided a space for young women to support each 
other in very practical ways. 
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5.3.2. Planfulness 
Nora provided an example of the agency criterion of planfulness by showing that she 

pursued the development of one of her projects based on a well-thought-out plan. For her 
final project, Nora decided to create jewelry for her school’s prom to planfully solve a 
problem that she had identified. She had noticed that costume jewelry is not very durable and 
often turns green, which can irritate the skin. To prevent this from happening, she used resin, 
a durable and hypoallergenic material. She made a bracelet, earrings, and a necklace charm 
for herself and her friends in the program: 

The main concern about what to fix, I guess, would be like, you know how jewelry turns 
your neck or your finger or something green. ... I want to make it out of resin, so it 
doesn't do that. 

In addition to having a defined idea for her brand and her products, Nora also had a 
marketing plan. She planned to sell her products through Instagram and Etsy and have her 
friends use her products in school as a way to advertise them by exposing other school peers 
to them. 
 

Figure 5. 
Photograph of two of Nora’s projects: resin jewelry to avoid the potential of discoloring 
the wearer’s skin, and her decorated journal. The journal cover shows the cute and edgy 

aesthetics that Nora wanted for her brand. 
 

 
 
5.3.3. Connection  

Nora provided an example of the agency criterion of connection by showing her sense 
of belonging to a community at the same time that she showed critical consciousness about 
social inequities and stereotypes imposed onto her community. Through the development of 
her brand, Nora explored the connection between her identity as a young Black woman and 
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her community of origin, looking for ways to reframe and reinterpret the stereotypes that are 
imposed on the Black community. She stated,  

 

Just, you know, being where I grew up, reckless is considered being ghetto. But I view 
reckless as, like, you expressing yourself without giving regards to what anybody else 
thinks about you. ... And that’s how I view myself. So, I would say I’m really not a 
reckless person. But, you know, ... I don’t really care what anybody has to say. So why 
should you? 

Here, Nora challenged existing stereotypes about being ghetto and reckless, presenting 
them in a positive light where being reckless is a way of being unapologetically oneself. With 
the reinterpretation of this stereotype, Nora presents herself and her community through a 
creative and self-reliant lens, which she hopes will be inspiring to those in her community to 
live beyond the stereotypes.  
 
6. FUTURE RESEARCH DIRECTIONS 
 

Given that the five-criteria framework to assess agency is a newly developed theoretical 
framework that has been applied only to the current study, it should be further implemented 
and researched in other makerspaces to test its fit and better understand its potential for 
application in other educational settings (e.g., library or school-based makerspaces,  
after-school programs focused on making) and with different populations (e.g., youth from 
different racial/ethnic backgrounds, different ages).  

For community-based makerspaces to serve their whole community, programs should 
attend to the interests, abilities, and circumstances of those populations that they currently 
are not serving in an effort to bring everyone in. We recommend the implementation and 
study of participatory design strategies and youth-centered pedagogical practices to 
successfully broaden the makerspace’s community of makers. The co-design process has 
three main steps: (1) ask participating youth what they want to accomplish, attending 
particularly to how projects can help support the development of their agency; (2) listen to 
what they have to say; and (3) support them towards their goals authentically so that 
facilitators can attend to the different elements of agency and ensure that youth of all 
backgrounds have opportunities to strengthen their agency at every step. Throughout the 
process, participatory design research methods should be implemented to better understand 
how agency development is implemented and achieved through the project, particularly with 
non-dominant youth.  

Additional research should gather the existing validated instruments used to measure 
agency to identify the items that best align with the five-criteria framework for assessing 
agency among non-dominant youth in a makerspace. Once these items are identified, the 
instrument should be implemented and validated with participants in makerspaces. This 
process would support the development of a comprehensive instrument specifically 
conceived for measuring agency among non-dominant youth in makerspaces.  
 
7. CONCLUSIONS 

 
Given the lack of consensus on agency in the literature, we developed a five-criteria 

framework to assess agency in the context of working with non-dominant youth in 
makerspaces. The five criteria include self-efficacy, personalization, connection, planfulness, 
and iteration. This framework is not meant to be exhaustive or applicable in all educational 
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settings since it was developed in the context of a makerspace and with the purpose of 
understanding how a PDR making program with non-dominant youth supports their agency. 
It may be useful, however, as a steppingstone for those interested in systematizing their 
understanding of how their programs support youths' agency development. 

We found that, to better support young women’s agency in makerspaces, programs 
should be organized to center the participants’ learning interests and focusing the learning 
activities on their experiences instead of on a set curriculum with specified goal products. 
We found that this new framework to assess agency was a useful tool to understand how 
AAMASE supported non-dominant youths' agency in a makerspace through some of the 
most common activities in makerspaces, such as exploring new making disciplines, engaging 
in problem solving, and getting immersed in entrepreneurship:  

Supporting agency through exploration. The structure of AAMASE making activities, 
and particularly the one-day activities where participants explored a making discipline, 
supported participants’ agency most frequently through encouraging self-efficacy, 
personalization, and connection. Exploring new making disciplines provided opportunities 
to try new materials, learn how they responded to different treatments, and test different ideas 
and ways to address issues.  

Supporting agency through problem solving. Final projects where youth considered 
how to solve a problem using one of the making disciplines that participants had previously 
explored supported their planfulness and iteration. This was possible because they had the 
opportunity to consider different solutions to the problem and how the different disciplines 
may or may not accomplish that. They were also able to test how their solutions worked and 
improve upon previous iterations.  

Supporting agency through entrepreneurship. The implementation of entrepreneurship 
as one of the axes of the program provided opportunities for personalization, planfulness, 
and connection by presenting the youth with the opportunities to design not only products, 
but a brand that encompassed a personality, the solution of a problem, and a target customer.  

The AAMASE participants reported and displayed high engagement and enjoyment. 
Additionally, Ciera, Addison, and Nora showed interest in using their newly acquired making 
skills to help others by making objects that they could use, by teaching them these same 
skills, or by redefining stereotypes imposed on communities. Experiences like Ciera’s, 
Addison’s, Nora’s, and those of their peers are key to supporting their agency and engaging 
young women in STEM-rich learning experiences, which ultimately leads to broadening 
STEM opportunities for all. Given that learning, including the development of agency, 
through making is often implicit, having the tools to identify it and make it explicit will 
support the value of learning through making in out-of-school environments for all youth. 
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