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Listening to Makers: Exploring Engineering Students’ 
Recommendations for Creating a Better Makerspace Experience 

 
Abstract 
This paper explores the ways that students experience university-affiliated makerspaces as 
captured in interviews and during observations. Our research questions are focused on 
understanding the ways that engineering students have experienced makerspaces in a variety of 
institutions and institution-types, and their suggested ways of improving these makerspaces. In 
particular, we are interested in the ways that students from underrepresented groups have 
experienced these makerspaces and their suggestions for improvements to the makerspaces. Data 
collected for this study was gathered using semi-structured interviews with a diverse set of students 
from seven different institutions. An a priori codebook was developed to analyze transcribed 
interview data. The codes that are the focus in this study are the following: “experiences that shape 
identity,” “pathways to engineering,” and “recommendations for makerspaces” and the emergent 
patterns are around equipment-focused, logistical, curricular, and social recommendations for 
makerspaces. It was generally found that women and ethnic minorities tended to recommend social 
change in makerspaces, while men of all ethnicities tended to recommend equipment and 
technology changes. The implications of this study are to establish student makerspace 
recommendations in order to create more inclusive and welcoming environments in makerspaces 
and other engineering spaces. 

Introduction 
Makerspaces are generally thought of as accessible spaces with the tools that makers need to build, 
tinker, and collaborate with others [1]. These spaces have become quite popular in conjunction 
with engineering programs at academic institutions through recent years [2]. Due to their 
popularity, engineering education researchers have sought to understand best practices and cultural 
norms for these spaces, the effects of makerspaces on users, as well as how best to utilize these 
spaces to spark interest in students who otherwise would not have considered engineering as a 
field of study [2]. However, there has been concern regarding the social implications of 
makerspace practices, and the possible perpetuation of harmful trends seen in engineering spaces, 
such as excluding women and marginalized identities from the space through active or passive 
tactics [3], [4].  These trends may serve to drive away students that may otherwise be interested in 
and benefit from maker culture and engineering.  

Best practices for makerspaces regarding equipment, space location, and similar have historically 
been gathered via observation rather than through actively gathering experiences from makerspace 
users [2], [5], [6]. While this may provide researchers an opportunity to interpret the needs of 
makerspaces through the lens of their own expertise, there is much to say about gathering 
recommendations for best practices from the makerspace users themselves through semi-
structured interviews. This paper aims to provide these recommendations for makerspaces through 
data collected from semi-structured interviews conducted with a diverse set of students.  

Methodology 
The research questions that prompted this study were as follows: 



1. What are recommendations that student makers have for improving academic 
makerspaces? 

2. How do recommendations between makers differ according to their race, gender, 
and other marginalized identities? 
 

These research questions are answered best through qualitative research methods, and thus we 
designed this research using standards common in qualitative research and in engineering 
education to ensure a high quality project and to minimize potential validity threats [7]–[9].  
 
In this study, we visited and conducted ten observations at seven university-affiliated makerspaces, 
conducted semi-structured interviews with 67 engineering students, and conducted interviews with 
seven makerspaces managers, staff, and faculty affiliates. The makerspaces were embedded within 
several universities that included minority serving institutions, doctoral universities, private 
institutions, and public institutions. Student demographics are included in Tables 1 & 2. All student 
and university names provided in this paper are pseudonyms. The student pseudonyms were 
created to include the race and gender of the participant. For example, if a student indicated that 
they were Black on the demographic survey, their pseudonym would begin with the letter B. In 
addition, if they indicated that they are a female, we would give them a name that generally 
corresponds with that gender. In the case of a student who indicated that they are female and Black, 
a name such as Becky would be used. If they checked more than one race, their name would begin 
with the letter M to represent multiracial. 

Table 1-Student ethnicity by gender 
Table 1     
     
Student Ethnicity by Gender     
Ethnicity Female Male 
Hispanic 0 4 
Black 3 14 
Ethiopian 0 1 
Asian 6 6 
Indian 0 1 
Other - Middle-Eastern 1 0 
Native Hawaiian 0 1 
Multiracial 4 5 
White 13 12 
White International 0 1 

Table 2-Multiracial Student Identity by Gender 
Table 2     
     
Multiracial Student Ethnicity by Gender   
Ethnicity Female Male 
Black/Hispanic 1 0 
Asian/Hispanic 1 0 
Asian/White 2 1 



Black/Hispanic/Native American 0 1 
Pacific Islander 0 1 
White/Hispanic 0 1 
Native Hawaiian/Hispanic 0 1 

 
In the semi-structured interviews, we asked students about their experiences and stories in 
engineering and makerspaces, about their or their peers’ experiences as members of 
underrepresented groups, and about their identity as a maker and an engineer. As the focus of this 
paper, we were interested in the students’ recommendations for makerspaces. The following 
interview questions were of particular interest to this work:   

• Tell me about your experiences making (or in makerspaces)?  
• In this study, we are interested in students from underrepresented groups and their 

experiences as engineering students and as makers. How has being a 
_______________ [refer to responses in demographic survey, e.g., Black woman] 
influenced your experiences as a maker and as an engineering student?   

• As a ____________ [again, referring to demographic survey responses], how could 
your experience be better in engineering and in the makerspace?   

• If you could tell the university something to make your experience better, what 
would it be?   

To analyze this interview data, we first developed an a priori codebook based on our research 
questions [10]. During the first iteration of coding, we coded 67 interview transcripts using this 
codebook [10], [11]. The codes that are the focus in this study are the following: “experiences that 
shape identity,” “pathways to engineering,” and “recommendations for makerspaces.” In 
subsequent iterations of coding, we allowed for additional codes to emerge. These include: 
“creating inclusive cultures,” “curriculum,” “removing barriers,” “productive pathways to 
engineering,” and “pedagogical experiences that shape identity.” To then begin to reduce the data, 
we engaged in pattern coding. Pattern coding helped us pull together the coded excerpts from the 
earlier iterations of coding into fewer and more meaningful themes. As the focus of this paper was 
on recommendations, we developed patterns within codes related to recommendations, these 
included equipment-focused, logistical, curricular, and social recommendations. The equipment-
focused recommendations were focused on equipment and materials within the makerspace. The 
logistical recommendations included housekeeping practices, such as cleaning, storing materials, 
and updating equipment. The curricular recommendations included processes that could be used 
to get more students engaged in making or to improve the quality of the learning process. Finally, 
the social recommendations were focused on social or cultural recommendations within the 
makerspace; these recommendations included developing a multidisciplinary and collaborative 
makerspace and creating inclusive environments. These pattern codes then laid the groundwork 
for comparing the experiences across types of students (by race and gender). In this paper, we will 
focus on presenting the pattern codes that emerged from this analysis focused on 
recommendations, with consideration of the background of students (gender, race, and ethnicity) 
and whether recommendations differed across these students.  

Results  



After preliminary coding, we discovered several patterns within recommendations as described 
above. It should be noted that these recommendation categories are not exclusive; that is, a 
recommendation may bridge the gap between equipment-focused and logistical, logistical and 
social, or social and equipment-focused. Within each of the pattern sections below, we will discuss 
any patterns that emerged considering the background of students. 

Equipment-focused Recommendations: Diversifying & Repairing Equipment in the Makerspace 

Equipment-focused recommendations tended to refer primarily to diversifying and repairing 
equipment or materials within makerspaces. This could include fixing broken equipment, 
introducing new software, or simply adding new equipment to make the space more versatile. 
Additionally, students without university-provided access to materials may not be able to utilize 
makerspaces because they are not able to afford their own materials for projects. As Ishaan, an 
Indian man, states: 

I think that studying here is already really expensive. So, I think if the materials are 
made [readily] available then that would be a big help... even sometimes things that 
are not that expensive like the Arduino kit. They could be provided for free.  

We found that many of the recommendations we received about equipment-based needs of 
makerspaces came from men. There were no ethnicity trends to note regarding male students’ 
recommendations for equipment needs. Overall, male students tended to make more 
recommendations for new equipment and software, while also requesting a more integrated 
curriculum that values making as a part of engineering, as well as good housekeeping practices. 
Despite a majority of equipment recommendations being made by men, some requests were made 
by women, as well. White and Asian women also had a tendency to make recommendations for 
equipment. While the number of requests from white and Asian women for improving equipment 
in makerspaces was not as frequent as men’s, it is notable that these demographics did include 
equipment-focused needs in their recommendations for improving makerspaces. Rose, a white 
woman, recommends “smaller scale” equipment to learn on before students begin working with 
heavier machinery in makerspaces. Additionally, Ava, an Asian woman, expressed frustration with 
inoperable equipment in her makerspace: 

Our milling machine, first of all, it has so many broken parts and it's so difficult to 
use and it's so outdated, even back when I took that class a year and a half ago, two 
years ago, it was already broken and I can't imagine years before. 

Logistical Recommendations: Improving the Physical Space 

Logistical recommendations included housekeeping practices within their recommendations, such 
as organizational strategies, general cleanliness, improved storage, and machine upkeep, as well 
as how to improve the makerspace environment. Students recommended improving storage space, 
as well as including more places to study and collaborate. A universal complaint from many 
students was the lack of storage and study spaces, specifically around the end of the semester. 
Wagner, a white man, described this need, 



More storage space, that might be a nice thing there, because when it comes down 
to the finals week with final projects, you've got a lot of engineering students with 
projects and nowhere to put them... [And] maybe finals time they could add a 
couple more tables. 

Housekeeping recommendations were fairly prominent amongst a variety of demographics. These 
recommendations included organizational strategies, general cleanliness, and again, improving 
storage, as well as more abstract concepts such as machine caretaking and labelling procedures. 
For example, Walter, a white man, explained,  

Recently, I tried to use the band saw and I noticed very fast that someone must've 
cut metal with it. That band saw, the blade itself is not meant for metal, so it dulled 
really fast. Not two days before that, it was almost a brand-new blade. As a result, 
the cuts were coming out crooked because the blade's wobbling because it's dull. It 
was frustrating, because now my cut was crooked, that should've been straight. I 
guess just get more informative signs that are saying materials that can be cut with 
certain things. Put the materials for do's and don’ts. They have that on one of the 
table saws, you're not supposed to cut specific woods with it, if it's treated with 
certain things or it has aluminum paneling on the side of it, don't cut it on that saw. 
That one's important, and make them very visible, because otherwise you're going 
to break the machines, then no one can use it. 

Caretaking, housekeeping, organization, and improving the atmosphere of the makerspace through 
manipulation of physical artifacts was a common recommendation from men and women from all 
racial and ethnic groups. 

Curricular Recommendations: Integrating Makerspaces into Courses 

Curricular recommendations referred to suggestions by students around imposing changes to the 
curriculum to expose more students to the makerspace and to leverage making in helping students 
learn engineering concepts while applying them in projects. Both women and men had a near equal 
tendency to request a more integrated curriculum that includes utilizing the makerspace into 
assignments, as a direct function of these students valuing making as an integral part of 
engineering. For example, Waldo, a white man, discussed his idea to better integrate making into 
the curriculum. 

 We do have students coming in from a handful of classes that want to use the 
printers for their projects, but it's not as integrated into the curriculum as I think it 
should be. That's something we're definitely working on. Talking to professors 
saying, ‘Hey, maybe you could have one project that tells your students to come to 
this printing lab.’ 

One white international woman student, Wren, even attributes her success as an engineering 
student to the makerspace at her university. She explains how her success as an engineering student 
is attributed to her involvement in makerspaces, thus making the case for integrating makerspaces 
into course curriculum: 



Makerspaces, I think, are important because they offer a gateway for people to start 
getting involved in actually hands-on things. I think a big thing in engineering is 
that classes [only] offer solving equations and doing homework, but they don't 
really force you to get in there and build something. Having makerspaces, and 
places that have a fun environment, really help people get in and get their hands 
dirty, which I think is important as an engineer. I think you should take that into 
consideration when you're thinking, ‘Oh, our Makerspace is actually making a 
difference.’ They definitely are. Without the Makerspace, I wouldn't know how to 
build anything on my own yet, or laser cut anything. 

Wren explains the dissonance between engineering curriculum and the process of making. This 
recommendation refers specifically to tactics that could be used to get more students involved with 
makerspaces, as well as to improve their quality of learning by incorporating the real-world aspect 
of the hands-on facet of engineering work. 

Social Recommendations: Developing a Multidisciplinary and Collaborative Makerspace 

The multidisciplinary social recommendations were focused on students explaining that they 
would like to have students from more majors engaged in the makerspaces and considering ways 
of encouraging more collaboration within the makerspace. Some academic makerspaces that we 
visited only gave engineering students access to the makerspace, while others gave access to all 
students within the university. The recommendations in this section of the paper only include 
makerspaces with access that was restricted to engineering or STEM students. 

One white woman, Winter, recommended allowing makerspaces to be multidisciplinary, meaning 
not just engineering students having full access to the space. She believed that excluding students 
based off their major did them a “disservice,” stating that many of them may want to use the space, 
as well. The belief is that diversifying the academic background of students utilizing makerspaces 
provides the opportunity to benefit the space by fostering new ways of thinking, as well as to instill 
a sense of collaboration, inclusion, and community into the space. Wynne, a white woman, 
explained the importance of collaboration further.:  

I think there are people who don't have ideas right now, or they have ideas but they 
don't know how to go about making them, and there are other people who have 
these skills, but maybe don't have certain things they want to make, and connecting 
those people, and learning and teaching, learning from each other. It's something 
that I still want to see. 

Student recommendations also stressed the importance of collaboration within makerspaces, as 
well as removing barriers of entry for students who are interested in making spaces and culture. 
Most genders and ethnicities in engineering felt that removing barriers to entry in makerspaces 
would be a good step towards recruiting more makers. These barriers referred to the lack of 
knowledge regarding equipment, to ensuring that staff are friendly and approachable. Students 
from most genders and ethnicities tended to recommend classes or workshops to teach new makers 
about the equipment used in their makerspace. However, Bryce, a Black man, extended this 



recommendation to an encouragement that makerspace staff collaborate with new makers in order 
to make them feel included as a means to removing a barrier to entry:  

… have people there that are, I guess, kind of just asking around more so than just 
kind of walking around doing their thing. Have them talk to you, be like, ‘Hey, do 
you want to make something? Did you want to help me with something?’ Or like 
that. Be a little bit more inviting. [Have them ask], ‘Do you want to try and screw 
this in for me?’ Even if it's not something that's important, if it breaks it's whatever, 
just something like that. Just have a more inviting kind of vibe to it, I guess.  

Social Recommendations: Creating Inclusive Environments  

The recommendations around inclusive environments included suggestions around changing the 
culture to be more open, which would involve removing barriers to entry and having staff 
collaborate with new makers to help them feel more included in the space.  

Women tended to recommend that makerspaces focus on building a more inclusive, collaborative 
environment. These recommendations could refer to utilizing workshops or classes to specifically 
create a more inclusive environment for women; however, a bulk of the recommendations from 
women emphasized the need for improving the culture in engineering spaces. Many women told 
stories about discriminatory instances they have had in both maker and engineering spaces. 
Women, and particularly women at the intersection of marginalized identities, tended to tell stories 
of men from engineering spaces making them feel “othered.” For example, Betty, a Black woman 
engineering student, told stories about discrimination in both her makerspace and with a professor. 
She spoke about a time that she was using a file to finish a project, when a man in the makerspace 
accosted her, took her project from her hands, and began to file it himself, despite her insistence 
that she knew what she was doing. She is reluctant to attend this makerspace anymore without the 
makerspace’s woman manager being present because of this and similar experiences. Betty also 
explained that she would constantly be confused with another Black woman that she had in a class, 
despite these two women looking nothing alike. She told her story:  

There was one semester we had a teacher that was talking to [my friend] about 
things, and she thought she just forgot something, but she talked to me later about 
the same professor and I told her about the conversation I had earlier [with the 
professor] and she was like, ‘No, he was continuing that conversation with me.’ 
And it happens at least once a semester, especially if we're taking the same class. 

Engineering outreach and inclusion initiatives often include individuals who belong to a 
marginalized identity that is impossible to see. These identities are colloquially termed “invisible 
[12],” and can range from being an international student, to identifying as neurodivergent (having 
a mental illness or disability), or to belonging to the LGBTQ+ community. Students with these 
identities are often overlooked or even stigmatized, and as such, can endure discrimination in 
engineering spaces. One student we interviewed, Winnie, identifies as a transgender woman. Her 
stories demonstrate how the expectations of makers differ depending upon a maker’s identity. As 
Winnie explains, the process of making and tinkering is inherently prone to failure, which is vital 
to the learning process. As a woman in a predominantly white, male space, the ability to fail (and 



subsequently learn) is limited because of her identity as a woman. It is further compounded by her 
identity as transgender. She explains the complexity of navigating engineering spaces as ‘other,’ 
and highlights a troubling trend of having to be perfect in order to be accepted: 

I thought, ‘Okay, I don't have the background that some of these wiz-kids do 
coming in.’ They're all straight white men, or young straight white men. [They] 
don't really know how to communicate in a respectful way. I thought, ‘Well I'm 
also trans, so you can be trans or inexperienced, but you can't be both.’ So, like the 
barrier to entry – I've noticed from a couple other women in the space that they feel 
pressure to do it [make/tinker/create correctly] right the first time, and that's not 
how the world works… You’re expected to fail in a good way [when 
making/tinkering/creating]. 

In Betty’s words, “Makerspaces are defined by the people running them… The tools don’t 
discriminate.” Winnie and Betty both recommend providing an advocate for marginalized 
identities, stressing the necessity of fostering inclusive environments in engineering spaces. Betty 
stated that she will not enter the makerspace where she was discriminated against without the 
woman manager being present to advocate for her competence in the space. Winnie’s mentor in 
her makerspace hired her as a technician because of her interest in the space and to provide an 
opportunity for inclusion that otherwise may not have existed. Regarding Winnie’s mentor’s 
acceptance and advocacy of her identity, as well as his willingness to learn about her identity: 

Coming out as trans isn't really a choice, it wasn't really a choice, it's what I had to 
do to survive... Even so, I had a hell of a time just being myself [at this university], 
and being in a supportive environment. There were some things professors here did 
correctly. [My mentor] for one, does a great job… He doesn't have to understand 
everything about my experience, but he's willing to learn, and he's one of very, very 
few people that I've ever met, who is willing to do that. To say, ‘Teach me.’ 

These stories of engineering spaces’ discriminating culture are troubling, but both women stated 
that they have found support from allies in these spaces. Allyship from those in power in 
makerspaces can serve to protect marginalized identities from harmful cultures in these spaces, 
and perhaps attract others, further building a space for inclusivity and support. 

Conclusion 
Generally, recommendations for equipment tended to come from men while recommendations for 
social improvement came from women. There was no distinction in recommendation trends 
between ethnicities for men and women. This was somewhat expected, as men are in the majority 
within engineering, and as such, may not feel socially excluded in engineering spaces such as a 
campus makerspace [13], [14]. Housekeeping, removing barriers, and curriculum 
recommendations came from both groups, belonging to all ethnicities and marginalized identities.  

By incorporating a hands-on approach in classrooms utilizing campus makerspaces, classroom 
concepts can be conceptualized. As she stated previously, Wren would not be as fluent in 
engineering processes without her campus’s makerspace. She argues that incorporating 
makerspaces into course curriculum would have the same effect amongst other students, as well. 



Men and women belonging to underrepresented groups tended to suggest more social changes in 
maker and engineering spaces. Women at the intersection of multiple underrepresented identities 
gave the starkest examples of discrimination and bias in maker and engineering spaces. While 
maker spaces can be improved by adding new equipment and providing materials to students that 
need it, further work is needed to improve the experience of women, and especially intersectional 
women, in these spaces. This work highlights the differences in experiences that differing identities 
have, as well as the need to homogenize these experiences. 
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