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Women and URM Experiences in Makerspaces
Abstract

Academic makerspaces represent an ideal opportunity to present engineering students with
active, experiential learning opportunities that reinforce theoretical concepts through conceptual
design and prototyping. When appropriately supported, experiential learning in makerspaces has
the capacity to drive development of technical skills and positive self-efficacy among novice
engineers. However, research suggests that students who identify as part of historically
underrepresented groups (i.e. those who are not White and male) can experience makerspaces in
ways that marginalize their success. Thus, care must be taken in makerspace design and
operation to create an environment that has a positive impact on the success of all students. In
this study, we consider the perceptions and experiences of women and underrepresented
racial/ethnic minorities (URMs) in an academic makerspace at one large, research intensive
institution. We surveyed 256 undergraduate mechanical engineering students to compare and
contrast their self-efficacy, their perceptions of makerspace support, and their peer-to-peer
interactions. We found that student self-efficacy for conceptual design and prototyping did not
differ by race or gender. However, females reported they were more likely to have a positive
experience in the makerspace when supported by a teaching assistant who was also female.
Students who identified as URM were significantly more likely to report discomfort in working
with peers in the makerspace. We anticipate the outcomes of this study will provide implications
for faculty and staff makerspaces at other postsecondary institutions who aim to build an
inclusive and accessible learning environment for all students.

Introduction

The dominant culture in western engineering has been defined by White men from middle to
upper class backgrounds [1]. While local and national efforts have been made on a large scale to
diversify the engineering student population and change this culture, there is still a significant
disparity in the number of STEM degrees awarded to women and other underrepresented
minority (URM) groups [2-6]. Within postsecondary engineering programs of study, the
predominance of White, males has been reported to create an atmosphere that is described as
“chilly” for women and URMs who report high levels of discrimination and often experience
stereotype threat [7-12].

At the same time as the environment of engineering departments is described as being
detrimental to the success of minority groups, women and URMs often enter engineering
programs with lower levels of self-efficacy and confidence - factors which are strongly tied to
their retention in STEM [13-16]. Academic makerspaces represent an ideal opportunity to boost
retention of these groups as these spaces have the potential to provide all students with active,



experiential learning that reinforces theoretical concepts learned in traditional courses and allows
them to improve their self-efficacy and confidence for physical prototyping [17-21]. Recent
research has shown, however, that the experiences of men, women and URMs in makerspaces
can be radically different, even when care is taken in the design and operation of makerspaces in
order to create an environment that has a positive impact on the success of all students [22-25].

Here, we consider the perceptions and experiences of women and URMs in an academic
makerspace at one large, research intensive institution. Prior research at our institution [26,27]
has indicated that women in particular typically enter the makerspace with low initial
self-efficacy and/or confidence for conceptual design and prototyping, and that they may
experience negative interactions with makerspace staff and other student users. Improved
training of makerspace staff (usually peers who serve as teaching assistants) and students who
use the space may be a potential pathway to mitigate these problems. These observations are
consistent with the literature which points to the benefits of student-led makerspaces that foster
peer-to-peer learning while cautioning against the drawbacks associated with a lack of
makerspace staff training in how to interact with diverse users [28,29]. In several cases, research
into the role of gender in makerspaces has found that women experience stereotype threat,
harassment, and can feel unwelcome in such spaces [22-25,30].

In this study, we survey a large population (n = 256) of undergraduate mechanical engineering
students who use our engineering makerspace. We compare and contrast the perceptions and
experiences of women, URMs and the majority White male student population with the aim of
addressing how, and under what conditions, women and URMs perceive and experience
makerspaces differently. Our goal is to use empirical evidence to develop new policies and
training protocols to improve the culture and climate within our makerspace for female and
URM students. We anticipate the outcomes of this study will provide implications for faculty and
staff makerspaces at other postsecondary institutions who aim to build an inclusive and
accessible learning environment for all students.

Methodology

Data for this investigation were collected using an online survey instrument (Appendix A) that
was distributed to undergraduate students using the makerspace in the fall of 2024. The survey
population comprised mechanical engineering students (#=256) from their second to fifth years
of study in the program. A total of 287 responses were recorded but 31 were removed as they
were incomplete or otherwise unusable. Participant demographics are provided in Table 1. A
total of 199 men and 54 women completed the survey, making up 78% and 21% of respondents
respectively (women make up ~20% of the broader undergraduate student population in the
department). The remaining 1% of respondents (n=3) identified as transgender or nonbinary.
Thirty-two (32) subjects self-identified as URM (12% of responses) across the entirety of



participants (~15% of the wider undergraduate student population in the department identify as
URM). Here we define URM status based on race/ethnicity (i.e., American Indian/Alaska
Native, Black/African American, Hispanic/Latinx, Middle Eastern or North African, Native
Hawaiian/Pacific Islander). We consider White and Asian students to comprise the majority since
students from these groups account for approximately 85% of the undergraduate population.

Table 1. Demographics of Study Participants

Year of Study Total | Male Female Transgender/Non-Binary | URM
Sophomore / 2nd | 125 95 30 0 16

Junior / 3rd 103 85 15 3 9

Senior / 4th 28 19 9 0 7

Total 256 199 (78%) |54 21%) (3 (1%) 32 (12%)

Survey items (Appendix A) considered participant demographics, questions regarding identity as
a maker and self-efficacy for conceptual design and prototyping, and questions regarding
interactions with both the makerspace teaching assistants (TAs) and other student users in the
makerspace. Survey items came from a previously validated measure [26,27] with items related
to self-efficacy in conceptual design and prototyping (i.e., “tinkering”) with terminology relating
to space identification [31]; The survey also included questions regarding participant interactions
with makerspace staff (i.e., student teaching assistants or TAs) and their fellow students; these
survey items were developed specifically for this study. Finally, we included two constructed
response items for respondents to provide open ended comments regarding their perceptions of
the culture of the makerspace, and any other feedback they had. All responses to the survey were
anonymous. Prior to distribution of the survey, a discussion regarding its use and aims was held
with the makerspace staff (student TAs).

Quantitative data were subjected to the following analytical methods. First, similar to the
approach from a prior publication [26], Likert scale responses to the five-question tinkering
self-efficacy section were aggregated into a single, continuous “tinkering score” (0-4 pt range).
For each Likert scale survey item related to makerspace or peer interactions, a screening
algorithm (Bootstrap Forest Method, JMP Pro 17) was applied to screen out independent
variables (e.g., race, sexual orientation, gender) that did not affect the item outcome. For each
independent variable that was a potential factor, the appropriate bivariate analysis was
conducted, specifically, Chi-squared tests for categorical independent variables (gender or race)
or logistic regression for continuous independent variables (GPA or Tinkering Score). Type |
error of p<0.05 was considered the threshold for significance in all cases, and no post hoc
adjustments were made for multiple comparisons. Cramér’s V was calculated as a measure of



effect size where Chi-squared tests indicated significance (V < 0.20 = weak association; V >
0.20-0.40 = moderate association; V > 0.40 = strong association). For categories where the effect
of gender was examined, only the male and female subject data was used as the population of
transgender/nonbinary students is small (n=3).

Findings

Across the entire student population, perceptions of makerspace TAs were very positive, with
over 80% positive response rates on all survey items in this category (Figure 1). A student’s
tinkering score was the factor most strongly related to their perceptions of makerspace TAs
(logistic regression, p<0.05 for parameter estimate), with high scorers having more positive
perceptions of TAs. Aside from tinkering scores, students’ perceptions of makerspace TAs were
not significantly associated with any other factors, including GPA, race, gender, sexual
orientation, transfer student status, year-in-program, or being a TA oneself. For the study
population, the tinkering score did not differ by race or gender (Chi-Sq p>0.05 for each bivariate
comparison), nor was it correlated with GPA (Pearson’s » = -0.06, p>0.1).
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Figure 1: Overall perspectives concerning general interactions with the makerspace TAs
(n=253).



Table 2. Comparison of Survey Responses by Gender (Male/Female)

Level of agreement with the Gender Strongly Somewhat | Neither Agree | Somewhat Strongly Statistical Sienificance
following statements (Female/Male) Agree Agree nor Disagree Disagree Disagree &
1 V) 0, 0, 0, 0,
I feel C(?mfortable asking F 48.15% 37.04% 7.41% 7.41% 0.00% Chi Sq = 13.8, N=253,
questions of the TAs. df=4. p=0.008. V=0.23
M 53.77% 31.66% 8.04% 5.03% 1.51% - PUATS, '
] 1 1 1 0 (V) 0 0, V)
My 1nte:ract10ns with a Design F 16.67% 29.63% 14.81% 11.11% 27.78% Chi Sq = 54.04, N=253,
Studio TA depend on the df=4. v=<0.001. V=046
gender of the TA. M 3.02% 5.03% 13.57% 5.53% 72.86% - PO ’
1 0 0, 0, 0, 0,

I am more l1kely to have a F 22.22% 29.63% 29.63% 9.26% 9.26% Chi Sq = 44.41, N=253,
positive experience with a TA df=4. p=<0.001. V=0.42
who is the same gender as me. M 3.52% 9.05% 42.71% 10.05% 34.67% - P ’

1 0, V) o 0,
I feel that there is a good F 12.96% 35.19% 29.63% 20.37% 1.85% Chi Sq = 17.77, N=253,
balance of genders among the df=4. p=0.001. V=027
Design Studio TAs. M 31.16% 30.15% 30.65% 5.03% 3.02% - OOV '
I feel that there is a good mix of F 16.67% 12.96% 42.59% 24.07% 3.70% Chi Sq = 12.24, N=253,
TAs from different racial/ethnic df=4, p=0.016, V=0.23
groups. M 26.63% 25.13% 35.18% 9.55% 3.52%
] V) 0, 0, o 0,
I have a fair number of F 25.93% 31.48% 12.96% 16.67% 12.96% Chi Sq = 17.69, N=251,
classmates who share my df=4. p=0.001.V=0.26
background. M 41.12% 38.07% 12.18% 5.58% 3.05% - POV ’

I feel comfortable working F 50.00% 33.33% 3.70% 5.56% 7.41% Chi Sq=11.87, N=251,

around my peers in the Design df=4, p=0.018, V=0.22
Studio. M 56.85% 31.98% 8.63% 1.52% 1.02%




Table 3. Comparison of Survey Responses by URM Status (Yes/No)

Level of agreement with the URM Strongly | Somewhat | Neither Agree | Somewhat | Strongly Statistical Sienificance
following statements (Yes/No) Agree Agree nor Disagree Disagree Disagree g
My interactions with a Design N 1.36% 1.36% 14.93% 5.43% 76.92% Chi Sa = 14.72. N=253. df=4
Studio TA depend on the q -0 0'0 5 ,V=0 23’ ’
racial/ethnic background of the TA Y 3.13% 12.50% 12.50% 9.38% 62.50% p=EE, '
0 0 0, V) V)
I have a fair number of classmates N 41.10% 37.90% 9-13% 7:31% 4.57% Chi Sq =22.11, N=251, df=4,
who share my background. Y 15.63% | 28.13% 34.38% 1250% | 9.38% p=<0.001, V=0.30
0 0 0, V) o
I have classmates who support me N >9-82% 27:40% 731% 3.65% 1.83% Chi Sq=17.69, N=251, df=4,
in this major. Y 37.50% | 46.88% 15.63% 0.00% 0.00% p=0.001, V=0.26
o 0 0, 0 o
I feel comfortable working around N 57.08% 31.96% 3.48% 2.74% 2.74% Chi Sq = 12.61, N=251, df=4,
my peers in the Design Studio. v 43 75% 34.38% 21.88% 0.00% 0.00% p=0.013, V=0.22




Students reported that their interactions with makerspace TAs were affected by their own
background as well as that of the TA (see Figure 2). Fewer than 5% of all respondents perceived
that a TA’s race or sexual orientation were factors in their interactions; however, nearly 25% of
respondents felt that their interactions depend on a TA’s gender. Compared to male students,
females were found to be more likely to have interactions that depended on TA gender (Chi Sq =
54.04, N=253, df=4, p=<0.001); this finding had a strong association (V'=0.46), and URM
students were more likely to consider the racial/ethnic background of the TA as influential in
their interactions (Chi Sq = 14.72, N=253, df=4, p=0.005, V=0.24). Table 2 compares male and
female survey responses. Table 3 compares survey responses those from majority (White)
students to those who identify from an underrepresented group.
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Figure 2: Students’ perceptions of demographic factors affecting student-TA interactions.
(n=253).

In general, students self-reported that they were more likely to have positive experiences with
TAs who shared common characteristics with them (see Figure 3). In particular, women were
more likely to have positive experiences with women TAs (Chi Sq = 44.41, N=253, df=4,
p=<0.001 V=0.46), and were more likely to notice the gender (Chi Sq = 17.77, N=253, df=4,
p=0.001, V=0.27) and racial/ethnic makeup (Chi Sq = 12.24, N=253, df=4, p=0.016, V=0.22) of
the TAs. As a whole, however, students agreed that there was a good balance of genders and



racial/ethnic backgrounds among the TAs serving the makerspace. The diversity of our
makerspace TAs is something to which we pay close attention; in fact, women and URM are
overrepresented in our makerspace TA staff in relation to the student body as a whole. As such,
these findings indicate that the choices we are making in terms of staffing are successful in some
regards.
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Figure 3: Students’ perceptions of demographic factors affecting student-TA interactions.
(n=253).

As shown in Figure 4, only a small percentage of students had either experienced or witnessed
concerning behaviors from TAs; however, higher rates of concerning behaviors were seen among
student users in the makerspace. When these responses based on behavior were broken down by
gender, female students were more likely to have felt unsupported or ignored by a TA (Chi Sq =
5.33, N=252, df=1, p=0.021, V=0.15) and reported witnessing others being micromanaged (Chi
Sq =4.51, N=252, df=1, p=0.034, V=0.17). Female students were also more likely to have felt
excluded from decisions made in group projects (Chi Sq = 9.48, N=253, df=1, p=0.002,
V'=0.19) and were more likely to have witnessed others being excluded (Chi Sq = 20.20, N=253,
df=1, p<0.001, V=0.28). Comparison of male and female responses survey items related to
exclusionary behaviors by others are shown in Table 4. Analysis of students identifying as
LGBTQIA+ (n=21) also indicated a preference for working with students of a similar
background (Chi Sq = 16.32, N=253, df=4, p=0.038, V=0.25, category not shown in Figure 3).
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Figure 4: Examining whether participants have experienced or witnessed behavior in the
makerspace (n=253).

Table 4. Comparisons by Gender (Male/Female) of Concerning Behaviors

Rates at which the following situations occur. Male Female Statistical Significance
. Chi Sq = 5.33, N=252, df=1
0 0, > > >
Personally felt unsupported or ignored by a TA. 18.69% 33.33% p=0.021. V=0.14
. . . Chi Sq =4.51, N=252, df=1
0, 0, H ] >
Witnessed others being micromanaged by a TA. 19.70% 33.33% p=0.034, V=0.13
Personally been excluded from decisions by o o Chi Sq =9.48, N=253, df=1,
teammates in group projects 4.52% 16.67% p=0.002, V=0.20
Witnessed others being excluded from decisions 9.14% 33.33% Chi Sq = 20.20, N=253, df=1,
by teammates in group projects e =270 p<0.001, V=0.28




While less than a third of participants (n=79) elected to leave freeform comments on the survey,
the comments that were left by women in particular highlighted the results seen in the analysis of
Figure 4. Of the twenty (20) women who left comments on the survey, fifteen (15, or 75%)
detailed negative interactions falling into one of the Figure 4 categories. The following examples
(Quotes 1-3) are indicative of the general nature of these comments:

Not be watching like a hawk if [ am the only woman in the shop.
Quote 1: Sophomore (2nd year) Female

It happened often that I felt uncomfortable [in] many areas in [the makerspace] as an Asian girl
from a different country. Sometimes, 1 felt people don't even expect that I'm a MechE student
because of my appearance even though I know how to use [the equipment]...

Quote 2: Senior (4th year) Female

As a female MechE I have been in groups before where my teammates do not listen to or respect
what I have to say or contribute. They will brush me aside ...
Quote 3: Senior (4th year) Female

The comments detailed in Quotes 1-3, along with the results displayed in Figure 3 and 4 and
Table 3, are consistent with prior work detailing the experiences of female engineering students
in a (White) male-dominated field [7-12].

Discussion and Implications

The results of this study indicate that the majority of our students experience no major concerns
interacting with the TA staff who support our academic makerspace. Students with high
self-efficacy in conceptual design and prototyping (“tinkering”) are more likely to view their
interactions with makerspace TAs as being positive. There is some indication that non-majority
students (e.g., women, URMs, LGBTQIA+) may be more comfortable working with TAs who
share their background, and that they may be more cognizant of diversity in the TA workforce.
Although the occurrences were relatively rare, women experienced higher rates of concerning
interactions from TAs, such as lack of support or micromanagement, that could exacerbate
pre-existing disparities in self-confidence.

These findings may be specific to our particular academic makerspace, which is both a limitation
of this study (not generalizable to other institutions) but also a strength because it may indicate
why/how we are observing better than expected outcomes based on the literature survey:
e We have made a concerted effort to recruit and retain a diverse TA workforce. Women
and URMs are actually overrepresented in the TA population as compared to the general
student population.



e We make our community values explicit during TA training (e.g. no mansplaining,
always be in “coaching” mode).

e Our study population did not include new makerspace users. All new users ( i.e., first
year students in their second semester) have individual design experiences that are aimed
at boosting tinkering self-efficacy.

e The majority of faculty in our department are careful about not isolating women and
minority students on teams, particularly in the early year classes.

In addition to these actions we have taken, the data presented here details the importance of
maintaining a diverse TA workforce that believes in inclusive instructional practices. In theory,
such a workforce can potentially be recruited and trained to be successful. It is less obvious,
however, how the negative student-student interactions and issues with group dynamics observed
in this work could be controlled. There is the potential to provide training in teamwork, as well
as on inclusivity and other factors, to the entire student body, but it is more difficult to mandate
or enforce these behaviors effectively without significant buy-in from both students and faculty.
Future work at our institution is aimed at better understanding and evidencing the findings
observed here, as well as generating best practices for training TAs supervising the makerspace.
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Appendix A: Survey Instrument

Gender: How do you identify?

[] Female

[] Male

[] Mon-binary

[] Transgender

[] Prefer to self describe below
[] Prefer not to say

Do you identify as part of the LGBTQIA+ community?

b

What is your age?

w

What is your race/ethnicity? Check all that apply.

[[] American Indian/Alaska Nafive
[] Asian
[] BlacksAfrican American

[] Hispanic/Latinx

[] Middle Eastern or Morth African

Is English your first language?

) Yes
) No

[] Wative Hawaiian or Pacific |slander
L] White
[ ] Choose to specify

[] Prefer not o respond



What year are you in college?

() 1styear
() 2nd year
() 3rd year
() 4th year
() 5th year
() &th year or more

Are you a transfer student?

() ez
() Mo

Please indicate your anticipated GPA this semester
] 1 2

Anticipated GPA

Please indicate your overall undergraduate GPA
0 1 2

Cwerall GPA
®

4

[] Not Applicable

4

U] Not Applicable

Have you worked in the Design Studio as a TA (currently or previously)?

() Yes
) No



Rate how well each statement describes you.

Mot at all Mot much Somewhat Very much
like me like me Meutral like me like me

| have the

knowledge and

technical skills to O O O O O
create engineered

designs.

| innately know how

engineerad systems

work, like machines, O O O O O
electronics, or

structures.

| have experience

working with a

variety of fabrication O O O O O
tools and

equipment.

| have a history of
tinkering on O O O O O

personal projects.

| can understand

and utilize technical

drawings and other D D D O O
design schematics.

| know what tools
and equipment may

be useful in creating O O O O O

a parficular
engineering design.

Think about your identity as a Maker. Which three (3) of the following terms do you
most identify with?

[ ] Builder [ ] DIY-er [] Tinkerer
[] Artist [] Enginesr [] Innovator
[ ] Hobbyist [] Maker [] Inventor

[] Creator [ ] Designer [] Crafter



When reflecting on the different work areas in the Design Studio, which work

area(s) do you...

Uze the most?
Ize the least?

Have the most
interest working
in?

Have the least
interest working
in?

Feel most
comfortable
using space,
tools, &
equipment?

Feel least
comfortable
using space,
tools, &
equipment?

Fesl most
comfortable
asking for TA
support?

Feel least
comfortable
asking for TA
support?

Collaboration

Suite

0
O

O

[

[
[

[l

Wioodshop

Fab
Lab

0
O

[

Assembly Maching Test

Area

H
O

O

Shop Lab
[] []
L] L]
[ [
L] L]
[ [
[ [
[] []
[ [

What level of TA support do you utilize in each Design Studio work arza listed

below?

Woodshop
Fab Lab
Azsembly Area
Machine Shop

Test Lab

About once a
week

o)

© O 0O 0O

About once
per month

O

© 00O

1-2 times per
semester

O

O O 0O

| do not use
TAS in this
work area

o)

© O 0O 0O



Please indicate your agreement with the following statements concermning your
general interactions with the Design Studio TAs.

Meither
Strongly Somewhat agreenor Somewhat Strongly
Disagree disagree disagree agree agree
My interactions with
the TAs are positive. o O O O o
| feel respected by
the Tas O O O O @]
| feel comfortable
asking questions of O O O O O

the TAs.

The TAs create a
welcoming '® ®) ®) ®) 0

atmosphere in the
Design Studio.

My interactions with a Design Studio TA depend on...

Meither
agree
Strongly Somewhat nor Somewhat Strongly
Disagree  disagree  disagree agree agree
The gender of the TA O O O O O
The racial/ethnic O ®) ®) O ®

background of the TA

Whether that TA iz a
member of the LGETQIA= O O O O O
community or not

Some ofher personal

characteristic of the TA
(describe) O O O O O



Please indicate your agreement with the following statements concermning your
interactions with the Design Studio TAs.

Meither
Strongly Somewhat agreenor  Somewhat Strongly
dizagree dizagree disagree agree agree

| am more likely to
have a positive

experience with a O O O O O
TAwho is the same
oender as me.

| am more likely to

have a positive

experience with a

TAwho has the O O o o o
same racialfethnic

background as me.

| feel that there is a

good balance of O O O C' O

genders among the
Design Studio TAs.

| feel that there is a

good mix of TAs O 0 O ® e

from different
racial/ethnic groups.

{Optional) Please use this space to provide any additional comments you have
regarding your interactions with TAs in the Design Studio.

{Optional) Please use this space to provide any additional comments you have
regarding your interactions with TAs in the Design Studio.



Please state your level of agreement with the following statements about
interactions with your UD MechE peers.

Meither

Strongly Somewhat agreenor  Somewhat Strongly

disagree disagree disagree agree agree
| can relate to my
classmates. o O O O o
| have a fair number
of classmates who
share my o o o o o
background.
| have classmates
who support me in O O O O O
this major.
In group projects., |
feel that my
teammates mostly o O O O o
respect me.
| feel comfortable
working around my
peers in the Design D O O O O
Studio.
| learn more from
other students in
the Studio than | do o O O O o
from the TAs.

Have you personally ever experienced any of the following in the Design Studio?

Yes Mo

Excluded from

decisions by

teammates in group D O
projects

Harassed or

discriminated

against by fellow O o
students.

Eeen the target of

offensive words or

behaviors by fellow O o
students.



Have you witnessed another UD MechE student experiencing any of the following
in the Design Studio?

es Mo

Excluded from

decisions by

teammates in group O o
projects

Harassed or

discriminated

against by fellow O o
students.

Been the target of

offensive words or

behaviors by fellow O o
students.

{Optional) In your own words, how would you describe the culture and climate in
the Design Studio?

{Optional) In what ways could we improve culture and climate in the Design
Studio?



