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INTRODUCTION 
Makerspaces are created for many reasons, though the desired 
outcomes often include an increase in diversity and interdis-
ciplinarity [1] [2]. For these reasons, user data was analyzed 
before and after the addition of a makerspace to understand if 
the makerspace impacted the: 

• Number of females and targeted minorities1 entering 
the shop facilities and receiving training.  

• Amount of interdisciplinary activity.  
This paper is meant to address the need for quantitative ap-
proaches in understanding the impact of makerspaces and for 
making informed decisions regarding shop policies, proce-
dures and programs [3].   
 

DESIGN AND FABRICATION LABS 
The College of Engineering (CoE) at the University of Wis-
consin in Madison (UW) has had a centralized machine shop 
since the early 1990s [4]. In the fall of 2017 a makerspace was 
added as a separate but nearby facility [5] [6]. These two com-
plementary facilities form the CoE Design and Fabrication 
Labs. The following sections will describe these facilities in 
more detail including the policies, procedures and training 
programs.  

A. MISSION STATEMENT 
The mission of the Design and Fabrication Labs is to foster: 

• Hands-on Learning: Bridging the gap between the-
ory and practice. 

• Student Empowerment: Empowering students to 
design and build on their own initiative.  

• A Diverse Community: A welcoming community 
that enables collaborations that are diverse in terms 
of gender, race and discipline.  

• Peer Learning: Students teaching and learning from 
other students. 

• Product Design: A hub for inventing and designing 
new products.  

• Open Access to Technology: Offering an expansive 
library of technology, equipment and tools. 

The labs teach engineering students, faculty and staff to fab-
ricate items for courses, research, student clubs and personal 
projects. Below is an overview of the machine shop and mak-
erspace (Table 1). 

 
1  African American, American Indian, Hispanic/Latino(a), Southeast 

Asian.  

 
Table 1:  The amount of staff and floor space of the machine shop and 
makerspace. Each student staff member works approximately 10 hours 
per week.  

 Full-time 
Staff 

Student 
Staff 

Floor Size 
(m2) 

Machine shop 8 38 1k 
Makerspace 3 25 1.2k 

B. MACHINE SHOP  
The machine shop has both metal working equipment (e.g. 
mill, lathe, welding, sheet metal) and wood working equip-
ment (e.g. saws, sanders, planer). It also runs the shop training 
program and offers fee-based design and fabrication services. 
The maintenance and operation of the equipment are managed 
by full-time staff with support from part-time student staff.  

C. MAKERSPACE 
The makerspace is a rapid prototyping facility that includes 
tools and software for 3D printing, 3D scanning, virtual real-
ity, robotics, data visualization, electronics fabrication, laser 
cutting, CNC-routing, textiles and thermoforming. The 
maintenance and operation of the equipment is managed by 
student staff with support from full-time staff. 

D. ACCESS POLICIES AND FEE STRUCTURE 
The CoE Fabrication Labs are for engineering students, fac-
ulty and staff plus their collaborators. Students pay a fee of 
$50 per semester for regular use or $100 per semester if their 
projects are for a research lab. This one fee provides access 
and training for both labs. Note that faculty, staff and Teach-
ing Assistants (TAs) do not pay a fee. All users pay for con-
sumables such as 3D printing material and other items for 
sale.  

E. FORMAL TRAINING (PERMITS AND UPGRADES) 
Formal training is defined as instruction offered mainly by 
full-time staff with the objective of granting access to specific 
pieces of equipment. The machine shop and makerspace use 
a common formal training program consisting of permits and 
upgrades. The training, which was developed over the last 10 
years, is run and administered by the machine shop staff 
through a combination of video, lecture and hands-on based 
instruction. There are three different permits: blue (basic), red 
(intermediate), and green (advanced) and each provides a dif-
ferent level of training and access. An “upgrade” is additional 
training for particular equipment (Table 2). 



 

 

 

Table 2: Summary of the minimum training permits needed to use equip-
ment. 

Equipment Blue Red Green Upgrade 
General Tool 

Checkout ✓    

Electronics Tools ✓    
3D Printers ✓    
3D Scanners ✓   ✓ 
Laser Cutter ✓ ✓  ✓ 
Bandsaws  ✓   

Drill Presses  ✓   
Sanders  ✓   

Sheetmetal  ✓   
Woodworking  ✓  ✓ 
CNC Router  ✓  ✓ 

Welders  ✓  ✓ 
Coldsaw  ✓  ✓ 

Mill and Lathe   ✓  

CNC Mill   ✓ ✓ 
CNC Lathe   ✓ ✓ 

F. INFORMAL TRAINING (WORKSHOPS) 
Informal training is defined as instruction offered mainly by 
student staff that is typically based on a topic of interest and 
not a mandatory pathway to equipment access (e.g. a work-
shop on “Sensors for the Human Body”, Table 3). The mak-
erspace offered informal training through 74 workshops in the 
spring 2018, which were mainly developed and taught by stu-
dent staff. The workshops were typically held in the evenings 
for 1 to 2 hours and an opportunity for students to have hands-
on, peer-based instruction on topics both inside and outside 
their home department. The workshops were open to all stu-
dents, faculty and staff at UW-Madison including those out-
side the College of Engineering. 
 

DATA COLLECTION AND ANALYSIS 
Two data sets were analyzed in this paper: 

• Dataset A: The gender, minority status and home 
department of the user were logged when they 
swiped their university identification card (ID) upon 
entering the labs and/or completing formal training. 
See previous section  E. Formal training (Permits 
and upgrades). The data collected after the mak-
erspace was added (September 2017 through May 
2018) was compared to the same period from the 
previous academic year.  

• Dataset B: The home department of each workshop 
attendee was collected using a tablet computer. See 
previous section F. Informal training (Workshops). 
Since this data did not include gender or race infor-
mation, it was only used to explore certain aspects of 
interdisciplinary activity as described later.  

For all of the statistical analyses, a hypothesis test for the dif-
ference of two proportions was used with a p-value cut-off of 
0.05 [7]. 

CHANGES IN USER DEMOGRAPHIC 
This section uses Dataset A to explore how adding the mak-
erspace may have impacted the number of female and targeted 
minority users: 

i. Entering the labs: Users entering the machine shop 
or makerspace.  

ii. Completing formal training: Users that have com-
pleted formal training by obtaining a permit or up-
grade.  

Note that students, faculty and staff are all considered users. 
The results are summarized below with the values given be-
fore and after the makerspace was added. The data showed 
that after the makerspace was added there were increases in 
the: 

• Number and percentage of female and minority us-
ers entering the labs (Table 4 and Table 5). 

• Number but not percentage of females and minori-
ties completing formal training (Table 6 and Table 
7). 

 
Table 3: Example titles of the 74 workshops taught in the Makerspace 
during the spring of 2018.  

Example Workshop Titles 
Intro to Virtual Reality 
3D Print a Cell-phone Case 
Intro to Servos and Motors 
Laser-cut 3D Holiday Cards 
Sensors for the Human Body 

 
Table 4: The total number of users entering the labs broken down by gen-
der and race.  

 Users Before 
(No.) 

Users After 
(No.) 

Increase 
(Factor) 

Male 6798 18117 2.7 
Female 1175 4625 3.9 

Minorities 444 1655 3.7 
All 7973 22742 2.9 

 
Table 5: The percentage of females and minorities entering the labs. 
There was a statistically significant increase after the Makerspace was 
added.   

 Users Before 
(%) 

Users After 
(%) p-value 

Female 14.7 20.3 2.3x10-27 
Minorities 5.6 7.3 5.3x10-7 

 
Table 6: The total number of users that completed formal training by ob-
taining a permit and/or permit upgrade.  

 Trained Before 
(No.) 

Trained After 
(No.) 

Increase 
(Factor) 

Male 1009 1371 1.4 
Female 299 424 1.4 

Minorities 90 128 1.4 
All 1308 1795 1.4 

 



 

 

 

Table 7: The percentage of females and minorities that completed formal 
training by obtaining a permit and/or permit upgrade. There was not a 
statistically significant increase after the makerspace was added.  

 Trained Before 
(%) 

Trained After 
(%) p-value 

Female 22.9 23.6 0.35 
Minorities 6.9 7.4 0.34 

 

IMPACT ON INTERDISCIPLINARY ACTIVITY 
This section explores how adding the makerspace impacted 
the amount of interdisciplinary activity in the Design and Fab-
rication Labs. This was done by analyzing the home depart-
ment of users:  

iii. Entering the labs: Were the users entering the ma-
chine shop or makerspace from a variety of depart-
ments (i.e. not just mechanical engineering)? 

iv. Completing formal training: Were the users that 
obtained permits and upgrades from a variety of de-
partments?  

v. Participating in informal training: Did the work-
shops enable users to pursue skills outside their dis-
cipline (e.g. mechanical engineering students attend-
ing workshops on electronics)?  

Items iii and iv were analyzed using Dataset A, while item v 
was analyzed using Dataset B and the “Interdisciplinary Ma-
trix” defined in the next section.  

A. DEFINING THE “INTERDISICPLINARY MATRIX” 
Each of the 74 workshops was categorized as being mechan-
ical (Mech), electrical (Elect), biomedical (Bio), other engi-
neering (Other-Engr), computer science (C.S.) or other non-
engineering (Other Non-Engr). As an example, a workshop 
on the topic of Virtual Reality was categorized as “C.S.” and 
craft-based workshops such as making a Laser-cut 3D Holi-
day Cards was categorized as “Other Non-Engr.”  
Let us define a matrix A and call it the Interdisciplinary Ma-
trix, where the rows represent the category of workshop de-
scribed above and the columns represent the home depart-
ment2 of the workshop attendees (Fig. 1). Note that the same 
groupings were used for home department (i.e. “Mech” means 
the workshop attendee was from the mechanical engineering 
department). The value in each matrix cell represents the frac-
tion of participants from a particular department grouping that 
attended a workshop of a particular category (e.g. a value of 
0.2 in cell A(1,2) would mean that 20% of the participants that 
attended the mechanical-oriented workshops were from the 
electrical engineering department).  
The matrix A can be used to explore the questions: Did the 
workshops enable users to pursue skills outside their disci-
pline? Or how effective was the makerspace at breaking down 
departmental siloes? If the makerspace was completely si-
loed, A would have only 1’s down the diagonal (i.e. only those 
from mechanical engineering attended mechanical-oriented 
workshops, only those from electrical engineering attended 

 
2 The UW CoE departments: Biomedical Engineering, Chemical and Bi-

ological Engineering, Civil and Environmental Engineering, Electrical and 

electrical-oriented workshops, etc.). While large off-diagonal 
values would indicate more interdisciplinary activity. The 
amount of interdisciplinary activity can be quantified by cal-
culating the average off-diagonal values in each row:    

       	𝐼# = 	
%
&
∑ (1 − 𝐴,,)&
,.%                                                            (1) 

Where n is the number of rows and columns in the Interdisci-
plinary Matrix (A). The value of Ia ranges from 0 to 1, which 
indicates the amount of interdisciplinary activity from lowest 
to highest, respectively.  

B. RESULTS 
After the makerspace was added there was an increase in the 
fraction of users entering the labs from the following depart-
ments: Electrical and Computer Engineering, Computer Sci-
ence and the Other Engineering departments while there was 
a decrease from Mechanical Engineering (Table 8). However, 
there were not significant changes in the department of those 
that received formal training (Table 9).  
The workshops were categorized as described previously and 
summarized in Table 10; most of the workshops were catego-
rized as mechanical, electrical or computer science.  
Fig. 2 shows the calculated values for the Interdisciplinary 
Matrix using the workshop data. The following observations 
were made regarding the matrix:  
• The zeros in the matrix indicate the need for more 

workshops outside the mechanical and electrical cate-
gories (e.g. more Nuclear or Civil Engineering topics). 
For example, a workshop where students learn to opti-
mize a structure in CAD and then 3D print it.   

• The largest on-diagonal values are for Bio, C.S. and 
Other Non-Engr. Thus, creating workshops that attract 
these participants out of their discipline would increase 
interdisciplinary activity.  

Finally, Ia was found to be 0.7 for the 74 workshops offered 
in the spring 2018. This means that on average, 70% of the 
users in each workshop category were pursuing skills outside 
their discipline. Note that the “Other Engr” category was not 
included in the calculation since the all-zero row would yield 
erroneous results.  

 
Fig. 1: The Interdisciplinary Matrix (A) was created to quantify interdis-

ciplinary activity.     
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Table 8: The percentage of users entering the labs from the departments 
within the College of Engineering. The rows highlighted in grey indicate 
a statistically significant change after the Makerspace was added.  

 Users Before 
(%) 

Users After 
(%) p-value 

Mechanical 
Engineering 48.1 29.9 1.4x10-78 

Biomedical 
Engineering 21.6 20.6 0.25 

Engineering 
Mechanics 6.8 5.2 0.15 

Civil 
Engineering 3.0 3.1 0.40 

Electrical and 
Comp. Eng. 2.2 9.9 5.2x10-4 

Computer 
Science 0.9 4.9 9.4x10-2 

Other  
Engineering 17.4 26.4 6.9x10-12 

 
Table 9: The percentage of users completing formal training from the de-
partments within the College of Engineering. There was not a statistically 
significant change after the makerspace was added. 

 Trained 
Before (%) 

Trained 
After (%) p-value 

Mechanical 
Engineering 38.7 35.9 0.25 

Biomedical 
Engineering 27.3 24.2 0.24 

Engineering 
Mechanics 7.0 5.4 0.36 

Civil 
Engineering 5.1 5.3 0.40 

Electrical and 
Comp. Eng. 2.5 4.8 0.34 

Computer 
Science 0.5 2.2 0.38 

Other  
Engineering 18.9 22.3 0.24 

 
Table 10: Each of the 74 workshops was categorized as either mechani-
cal, electrical, biomedical, other-engineering, computer science or other 
non-engineering. The table below lists the number of workshops and at-
tendees for each category of workshop.  

 

 
Fig. 2: The "Interdisciplinary Matrix" was calculated using Dataset B. 

The value in each matrix cell represents the fraction of participants from 
a particular department grouping that attended a workshop of a particu-

lar category.  

 

CONCLUSIONS 
After adding a makerspace within the College of Engineering 
at UW-Madison, there were increases in the: 

• Number and percentage of females and targeted mi-
norities entering the Design and Fabrication Labs.  

• Number but not percentage of females and minori-
ties completing formal training (i.e. permits and up-
grades). Similarly, the home department of the users 
that completed formal training did not change signif-
icantly. 

• Interdisciplinary activity as seen through a wider va-
riety of the users’ home departments and the percent-
age of students attending workshops outside their 
discipline. 

It should be noted that users entered the labs for many reasons 
including studying, collaborating, attending a class, meetings 
or fabrication. A significant number of users entered the mak-
erspace for non-fabrication activities, though understanding 
this more quantitatively was left for future work.  
Thus, the makerspace attracted students into the facility, 
though it was not necessarily a pathway to formal training. 
Possible explanations include: 

• The majority of the formal training (permits and up-
grades) provides access to machine shop tools, so the 
formal training in its current form was not desired by 
the new population of users.  

• It may take additional time for the new population of 
users to decide that access to machine shop tools is 
feasible and useful.  

• The physical separation of the machine shop and 
makerspace may have been a barrier. 

• More programs and/or marketing targeted to females 
and minorities may be needed.  

Finally, the interdisciplinary matrix was introduced as a quan-
titative tool to assess whether or not the workshops enabled 
users to pursue skills outside their discipline.  
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