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EXECUTIVE DIRECTOR
Open Works is a 34,000 square foot nonprofit makerspace in 
Baltimore, Maryland with a mission to make tools, technology, and 
the knowledge to use them accessible to all. Over the last 3-1/2 
years, we have grown to be one of the largest and most diverse 
makerspaces in the United States, serving over a 1,000 people a 
month with access to industrial tools, studio space, and classes 
for both young people and adults. Folks use our facility to launch 
small businesses, prototype products, create art, learn new skills, 
and find community with fellow makers. 

On Sunday, March 15th, 2020, I made the difficult decision to 
close Open Works to our members. The next day, Governor Hogan 
mandated the closure by Executive Order. At the time, we thought 
the shutdown would be short -- a week or two to let the worst of 
the wave pass, and then back to business as usual. By mid-week, it 
was apparent that there was no end in sight. On Thursday mor-
ning, I held our usual management meeting via Zoom. On Thursday 
evening, I sent letters furloughing all 21 of Open Works’ part-time 
staff indefinitely.

Between those two events, I had a conversation with the Chief Pro-
curement Officer and head of R&D at LifeBridge Health, a hospital 
system in Baltimore. I introduced them to the open-source Prusa 
Labs design for 3D printed face shields and asked what their sup-
ply chain looked like going into the expected surge in cases. They 
seemed confident in their stockpiles, but said they would be happy 
to look at a prototype. Our shop manager got a couple of files un-
derway in our 3D printing lab the next day. 

Unfortunately, that first face shield took 6 hours to print. With only 
12 printers, 10 of which were working on a good day, I quickly reali-
zed we would never be able to meaningfully scale production with 
just the machines we had on hand. 

On Friday night, I emailed some other lab managers at schools, 
universities, and makerspaces, asking if they would want to join 
together in helping us scale our print capacity. Saturday morning, I 
repeated that call on social media, and by the end of the weekend 
we had over 200 volunteer printers signed up for a project we 
were now calling Makers Unite.

Our amazing staff leapt right into action organizing volunteers, 
ordering materials, and reconfiguring our space into a factory 
overnight. We leaned on two partner organizations, We the Build-
ers and Innovation Works, to help us manage incoming parts and 
outgoing distribution. By Wednesday, March 25th, we shipped our 
first box out to Saint Joseph’s Hospital in Towson. Over the next 
55 days, we made 28,270 face shields for over 100 clients, from 
local hospitals to federal agencies. 

Makers Unite was not what we thought we would be doing this 
year, but it has unexpectedly turned into a case study for every-
thing that a makerspace is capable of: rapid prototyping; scalable 
manufacturing using digital fabrication; fostering community 
resilience; and collaborative emergency response to a disaster of 
unprecedented scale. We hope that what we have learned in the 
process will serve to inform others and help them plan for future 
disasters. We also hope that elected officials and policymakers 
will take a close look at Makers Unite as a way of understanding 
how makerspaces are flexible tools for economic, educational, 
and community development. As we eventually transition out of 
a health crisis and turn to the hard work of safely reopening, an 
economic disaster of massive proportions awaits. It will require an 
equally innovative response to solve. 

“A Makerspace’s Rapid Response to the COVID-19 Pandemic: A 
Case Study of Open Works in Baltimore, Maryland”

“In any moment of decision, the best thing you can do is the right 
thing, the next best thing is the wrong thing, and the worst thing 
you can do is nothing.”

Theodore Roosevelt
26th U.S. President

We dedicate this study to all who have experienced loss of any 
kind as a result of the COVID-19 global pandemic and all who 
expose themselves to the risk of infection to protect, heal, and 
serve humankind. 
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Impact of the COVID-19

Global spread

 
Confirmed cases in United States

The spread in the United States has exceeded 
that of any nation during the period before June 
12, 2020,  with 2,093,335 confirmed cases since 
the first case was reported on January 21, 2020. 
In less than two months, the first confirmed death 
in the U.S. was reported on February 29, 2020 
and the number of deaths nationwide exceeded 
116,000 in less than five months. The devastation 
led noted Nobel Memorial Prize-winning econo-
mist Paul Krugman to describe the economy as 
being in a “medically induced coma” as a result of 
closings of all businesses, except those declared 
as essential, leaving 22 million U.S. workers seek-
ing unemployment benefits.

The high rates of uninsured, the high out-of-pock-
et costs of healthcare compared to other coun-
tries, having fewer doctors and hospital beds per 
capita than most other developed countries, and 
having a woefully inadequate stockpile of Personal 
Protective Equipment (PPE), “specialized clothing 
or equipment worn by an employee for protec-
tion against infectious materials” (OSHA, United 
States Department of Labor, 2020) are all vulner-
abilities that have been exposed by the pandemic. 
Critical equipment such as gloves, gowns/aprons, 
masks, and respirators were nearly exhausted as 
of April 1, 2020.

The mobilization and “permissionless innovation” 
demonstrated by local, small-scale manufacturers 
has been phenomenal. Acknowledging that their 
individual efforts would be insufficient to over-
come the shortage of PPE, makerspace facilities 
and informal volunteer networks across the nation 
began self-organizing to produce and distribute 
whatever their equipment and human resources 
would allow. The mobilization occurred  despite 
the threat to the financial futures of local manu-
facturers, makerspaces, and their volunteers.

The impact of the COVID-19 global pandemic has been swift and pervasive. 
From the first report by the World Health Organization (WHO) of a “mysterious 
pneumonia” sickening dozens in Wuhan, China, to the global spread of 7,887,221 
confirmed cases reported by the Johns Hopkins University on June 14, 2020, 
every social and economic system has been challenged beyond any experience 
in recent history. 

Their collaborative energies also demonstrated an 
ability to infuse agility in the PPE supply chain that 
was shown to be severely vulnerable to just-in-
time approaches to manufacturing and off-shore 
dependencies.   

Their ability to mobilize networks of volunteers 
and resources, provide coordination and guidance 
to suppliers and healthcare organizations, imple-
ment production protocols that meet stringent 
sanitation standards will provide valuable insights 
regarding post-pandemic industry practices and 
the revitalization of domestic manufacturing.

This descriptive case study examines the launch, 
operation, and outcomes of Makers Unite, a 
collaborative emergency PPE production project 
spearheaded by Open Works, a 34,000 square 
feet makerspace in Baltimore, Maryland. Open 
Works was able to use institutional trust, com-
munity collaboration, and Lean Manufacturing 
practices to produce 28,270 face shields in 56 
days, averaging a production rate of  496 per day. 
The project included six full-time staff members, 
five temporary part-time staff members, a net-
work of 388 volunteers and their printers, and 
two partner organizations until its conclusion on 
June 12, 2020. The study reveals best practices 
for establishing Lean small-scale manufacturing, 
developing institutional trust, building community 
collaboration, and developing a more agile supply 
chain in healthcare equipment production and 
other sectors of the economy.
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The operation has experienced growth since opening 
in October of 2016. Prior to the COVID-19 pandemic, the 
facility was equipped with a 3D printing bot farm with 
four Ultimaker 2 extended 3D printers, two Inventables 
Carvey desktop precision CNC routers, four computer 
workstations, and a filament recycler. The digital fab-
rication lab includes advanced large-format machines 
that can cut through plywood, plastic, and soft metals 
with hair-splitting accuracy, such as the 4’x8’ Laguna 
Swift with vacuum bed hold-down, two 4’x8’ bed Shop-
Bot PRS Alpha CNC routers, a Tormach Personal CNC 
1100 mill, two laser cutters, an 18” x 24” bed, and a laser 
cutter, 28” x 40 bed. The metal shop, woodworking 
shop, computer lab, industrial cut-and-sew studio, digi-
tal media studio, and the electronics shop are equipped 
with an equally impressive list of tools made available 
through membership, education programs, special 
events, and collaborative community relationships.

The mission is supported by funders, including its 
primary sponsor, The Robert W. Deutch Foundation. 
The organization has also amassed an impressive list 
of 17 partners over the past two years that participate 
in an array of collaborative projects. The facility is 100% 
owned by the Baltimore Arts Realty Corporation (BAR-
CO), a non-profit organization established in 2012 by 
the Robert W. Deutsch Foundation to create working 
spaces for Baltimore’s growing community of artists, 
performers, makers, and artisans.



PRE RESPONSE COVID-19 EVENTS

Jan. 21, 2020 
1st confirmed case in 

the United States.

Feb. 5, 2020 
Diamond Prin-
cess cruise ship 
quarantined.

.

March 17, 2020 
Coronavirus pres-
ent in all 50 states. 
Northern Californians 
ordered to ‘shelter in 
place’.

March 20, 2020
New York City 
declared US out-
break epicenter.

March 30, 2020 
Governor Hogan (Mary-
land) issues Stay-at-
Home Order.

Dec. 31, 2019 
WHO says mysterious 
pneumonia sickening 
dozens in China.

Jan. 11, 2020 
China reports 1st 
novel coronavirus 
death.

Jan. 23, 2020
China imposes 
strict lockdown in 
Wuhan.

Jan. 30, 2020
WHO declares global 
health emergency.

March 15, 2020
CDC warns against large 
gatherings.

March 18, 2020 
China reports no new 
local infections.

March 19, 
2020 
Italy’s death 
toll surpasses 
China’s.

March 13, 2020 
President Trump declares 
national emergency.

Feb. 29, 2020
1st death reported in 
United States

March 3, 2020
Center for Disease 
Control (CDC) lifts 
restrictions for virus 
testing.



OPEN WORKS RESPONSE TIMELINE

March 21, 2020

Urgent social media call for mak-
ers to help respond to requests for 
PPE from several Baltimore-area 
hospitals.

Prototyping begins on open source 
face shield developed by @prusal-
ab and 3D printer production 
bottleneck is discovered.

Urgent social media call for those 
with 3D printers to assist.

Over 50 makers sign up to pro-
duce face shield parts.

March 22, 2020
134 makers representing 277 
printers have signed up to assist. 
$2,400 dollars have been raised. 
The Baltimore Sun posts an article 
about the project. A goal was set 
at 100 sterile units per day and to 
raise $10,000 by week’s end.

March 23, 2020

Completed sanitation protocols, 
build instructions, ordered mate-
rials, printed the first prototypes, 
and partnered with We the Build-
ers (wethebuilders.com) to host 
the build using their unique part ID 
system that will create a chain of 
custody for each part.

Engaged Innovation Works (www.
iwbmore.org) to set up an ordering 
portal. 

Makers Unite! officially becomes a 
brand.

OW Executive Director Will Holman 
announces the shaving of his beard, 
after over five years of growth, if 
$25,000 is raised by Friday.

March 24, 2020
Part registration portal goes live at 
www.mdmakersunite.com! 

March 25, 2020

Production starts, 141 shields produced 
two days ahead of schedule.
March 27, 2020 

It is announced that Executive Director 
Will Holman’s beard is coming off af-
ter raising $32,655.00, exceeding the 
$25,000 goal by the deadline of March 
25.

Packed 46 cases (460 face shields) and 
delivered the first 12 by the end of shift. 

March 30, 2020
A new production record of 504 assem-
bled and packed shields achieved by the 
end of shift. 500/day is minimum pro-
duction goal.
March 31, 2020

964 shields were produced in the first 4 
days, using parts printed by 168 volun-
teers. Shields have been distributed to 
9 clients including homeless shelters, a 
cancer care center, ER docs at a ma-
jor hospital, and the VA for compliance 
testing. 

Makers Unite is featured in the Washing-
ton Post.

The shift ends with a new production 
benchmark of 526 shields. Over 1,000 
have been distributed and there are or-
ders for 2,000 more by April 3. 

April 4, 2020
A second design is placed online 
with instructions and cut files.

March 15, 2020 
Announcement of closing for 
one week effective 3 PM on 
March 16, 2020.

March 19, 2020
Announcement of extended clos-
ing to the following week.

April 7, 2020
A new production record of 845 
shields is achieved, bringing the 
cumulative total to 4,415 pro-
duced and 4,360 parts collected 
from volunteers.

April 9, 2020
A total of 6,580 face shields 
made and production catches 
up to order demand.

April 17, 2020
We reached the 10,000 face 
shield milestone.

April 26, 2020
Makers Unite! announces 
production is ahead of order 
demand and solicits additional 
orders.

April 30, 2020

Makers Unite! is mentioned in 
the Economist article, “Ameri-
ca’s makers and tinkerers turn 
their hands to PPE.”

Just under 15,000 face shields 
produced and distributed al-
most 11,000. 

May 1, 2020 
www.mdmakersunite.org goes 
live to provide order instruc-
tions, making information, or 
data, press links, donation infor-
mation, and more.

May 5, 2020
5,000 face shields completed 
for the United States Depart-
ment of Agriculture (USDA) 
to protect meatpacking plant 
inspectors and other essential 
workers.

May 7, 2020
A new hardhat design is submit-
ted for field testing and approval 
with the USDA. 

May 13, 2020: 
Production starts on 9,000 units 
of the new CNC face shield that 
interfaces with a standard hard-
hat to protect food inspectors 
in meatpacking plants across 
America.

May 29, 2020
A milestone of 23,450 face 
shields for medical person-
nel, first responders, and food 
inspectors is achieved. Plans are 
to complete one final order for 
the USDA that is due on Friday, 
June 12th and close the project.

June 6, 2020

Baltimore’s peaceful protestors 
are supported with the distribu-
tion of over 500 free face shields 
to marchers and medics in order 
to prevent the further spread of 
Covid-19.

A total of 26,500 face shields 
have been produced for medical 
personnel, first responders, and 
food inspectors.

GLOBAL COVID 
RESPONSE TIMELINE

Production

Prototype

Distribution

Documentation

Recognition

Impact 

Countries with active local 
response efforts

Local response groups

Supplies delivered by the 
global community

Face shields produced

12 13

Source: 
Global COVID Response 
Timeline adapted from Open 
Source Medical Supplies. 
https://opensourcemedical-
supplies.org



Institutional Trust, Volunteer Mobilization, 
and Lean Manufacturing; 

 

Institutional Trust, Volunteer Mobilization, and Lean Manufacturing 

The case of Open Works’ response to the COVID-19 PPE shortage provides new insights regarding 
small-scale, local manufacturing, and infusing agility into a product supply chain. Four streams 
of research literature provided background for analyzing the case. Searches resulted in literature 
on institutional trust and social cohesion, volunteerism during a societal crisis, community and 
placemaking, and Lean Manufacturing and supply chain management.

 
LITERATURE WE REVIEWED

Institutional trust 
and Social Cohesion

Volunteerism during a 
Virus Outbreak

Community Lean Manufacturing

Shantz et al., 2018 Turtle et al., 2015
McMillan and Cha-
vis, 1986,

Chen et al 2006

Andrews, Jilke, and 
Van de Walle, 2014

Cvetković, V. M., Milaši-
nović, S., & Lazić, Ž., 
2018

Lardier et al., 2018
Womack and Jones, 
1996

Kwon, Heflin, and 
Ruefc, 2013

Strandh, V., & Eklund, 
N., 2018

Cunha et al., 2019
Herzog and Tonchia, 
2014

Audretsch, Seitz, 
and Rouch, 2017

Brouillette & Quaran-
telli, 1971

McMillan, 2011 Anholon and Sano, 2016

Dynes, 1970 Gomez & Filho, 2017

Dynes & Quarantelli, 
1968

Filho & Saes, 2014

Latane and Darley, 
1970

Suri, 2010

Hortensius, 2018

Omoto and Packard, 
2016

Lardier et al., 2018

Stukas et al., 2016

Note: A complete review of literature has been submitted for peer-reviewed publication. The litera-
ture review and case notes for instructors are available at www.GreaterSpacesAndPlaces.com.
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The literature provides an artifactual foundation for the study of local manufacturing during a healthcare 
crisis. The literature also establishes a context for understanding the importance of the analysis and has 
implications for the post-pandemic economy. The study provides answers to the following questions:

 

QUESTIONS WE ASKED
What is the role of trust in organizing a response 
to the inability to meet critical product demand 
during a healthcare crisis?

How are Lean Manufacturing principles applied 
in a makerspace in response to a critical product 
shortage during a healthcare crisis?

What practices lead to greater supply chain agili-
ty during a healthcare crisis?

What crisis response practices facilitate maker-
space integration with the existing and emerging 
manufacturing sector?

METHODS WE USED
A case study method is most appropriate when 
researchers seek answers to “what” questions for 
the purpose of exploratory analysis. “How” and 
“why” questions are best when asked about a con-
temporary set of events or events over which the 
researcher has little or no control (Yin, 2018, p.11) 
such as the Open Works response to the COVID-19 
PPE shortage. Data was collected from multiple 
sources (i.e., journalistic media, social media, 
documentation, website content, meeting obser-
vations, and key person interviews) and organized 
in a database establishing a chain of evidence 
from the research questions through to the case 
study conclusions (Yin, 1989). An interview guide 
with open-ended questions was used to gather 
data from key stakeholders. Each data source, 
corresponding method of analysis, and participant 
group is identified in the following matrix.

Data Mapping

Data Source Data Analysis Method Participants

Journalistic Media Content Analysis VMO

Open Works Leadership Content Analysis
Narrative Analysis

L, CE

Operations/Financial Documents
Website

Content Analysis L, P

Social Media (Facebook, Twitter, Instagram) Content Analysis L, P, V

L=Leadership , P=Partners , VMO=Various Media Outlets, CE=Content Experts, V= Volunteers

Leadership            =   Director and Board-Level Leadership at OpenWorks 

Partners                 =   Institutional and organizational collaborators

Various Outlets   =   Various Media Outlets

Content Expert    =  Lean Manufacturing

Analysis was conducted using a process of analytic induction in which hypotheses were generated from 
themes in the data. Iterative patterns were examined as a means of diminishing alternative explanations 
(Rossman, 1995).

WHAT WE DISCOVERED

Total face shields pro-
duced

Headbands printed by 
volunteers

Bottom reinforcements 
printed by volunteers

Parts total printed 
by volunteers

CNC plastic headbands 
produced at Openworks

Working days Working days Total clients Face shields distributed 
to protestors and protest 
medics

Total volunteer 
printers

+process 
pictures
+Makers Unite 
website
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PRODUCTION PROCESS
TRUST-INSPIRED VOLUNTEERISM

“Trust is one of the fundamental factors that af-
fect the wealth of nations. When the interactions 
are improved by trust, this will make investments, 
financial markets, public expenditures, institutions, 
regulations, and firms more effective and develop-
ment friendly” (Gur 2015, p. 121). Trust involves the 
acceptance of mutual vulnerability and the pres-
ence or absence of trust becomes more apparent in 
a time of crisis. Open Works is a trusted nonprofit in 
the Baltimore Greenmount West community and a 
facilitator of the institutional and interpersonal ex-
changes that prove to be valuable in a crisis as well 
as more routine conditions.

 

The trust-inspired confidence placed in Openworks 
the organization contributed to the success of the 
response to the face shield shortage. Since its 
launch in October 2016, the organization closely 
adhered to its mission of “...making tools, technol-
ogy, and the knowledge to use them accessible 
to all (Open Works, 2020).” The effort to fulfill this 
mission required extensive outreach and cultiva-
tion of community relationships. While the benefits 
of developing substantial external relationships 
are not always immediately realized, a crisis may 
cause them to become more immediately evident. 
The value of Open Works’ external relationships 
was realized in the emergence of: 1. intersubjective 
volunteerism, 2. transformative volunteerism, 3. 
hyper-volunteerism, and 4. resource sharing. The 
convergence of relationship-building practices, or-
ganizational trust among internal stakeholders, and 
crisis-driven opportunity resulted in volunteerism 
that advanced the goals of the project.

3D Print
Face shield parts 
were printed by vol-
unteers from their 
available 3D printers.

Drop off
Parts (minimum of 3) were 
dropped off in a contactless box 
by the Open Works front door.

Disinfectation
Waivers were collected from volun-
teers and parts were disinfected by an 
ultraviolet (UV) oven developed by Ryan 
Hoover and the digital fabrication team 
at MICA, while sheets of polyethylene 
terephthalate glycol (PETG) were cut 
down so they would fit in Open Works’ 
laser cutters. PETG is “a fully recyclable, 
food-safe plastic with excellent form-
ability that is commonly used for food 
containers and bottles for liquid bever-
ages (ACME PLASTICS, INC., 2020).

Laser bed
Four large-format lasers with a 
capacity of roughly 1,000 visors 
per day were used for cutting 
and once removed from the 
laser beds, the second side of 
the plastic was peeled off before 
assembly.

Trimming  
While parts were being disinfected 
and visors cut, a third station was 
used for cutting lengths of elastic 
with a hot cutter. Lengths of elastic 
were then trimmed in each end to go 
over the pegs on the headband.

Assembly
All parts were finally put together at an as-
sembly station. Each shield was composed 
of four parts: the headband, a bottom rein-
forcement, and elastic. Plastic parts were in-
spected for any defects, sanded and scraped 
smooth, and then combined with the other 
parts and stacked in batches of ten. 

Quality check 
Shields received a final 
Quality Control check 
and were cleaned with 
compressed air.

Final Packaging
Each shield was individually pack-
aged in a cellophane bag to prevent 
scratching, and shields were then 
boxed, labeled with time and date 
of manufacture (in case end us-
ers want to quarantine the shields 
before use), and sealed with a spec 
sheet for delivery.

The Research
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“Students from around Baltimore 
with 3D printers have joined the 
collective they now call Maker’s 
Unite. Even Baltimore’s National 
Aquarium has jumped in to help.”

“Faculty and staff members at Loyola 
University Maryland are using 3D printers 
and laser cutters to create face shields for 
hospitals in the Baltimore area. The initia-
tive was launched by Open Works, a mak-
erspace in Baltimore, and We the Builders, 
a group of makers in Baltimore who build 
sculptures from 3D-printed materials.”

“The organization is well known 
for being a place where people 
can learn, grow and practice 
new skills such as 3D printing, 
textiles work, digital fabrication, 
and more.”

“Staff from the makerspace have 
called on local commercial institu-
tions, nonprofits, and hobbyists rep-
resenting more than 200 3D printers 
to produce extra face shields for 
local health care organizations. As 
of Monday, Open Works had packed 
and sold 500 units of the printed and 
assembled shields. The University of 
Maryland St. Joseph Medical Center, 
Lorien Health Services and Virginia 
Cancer Specialists have been the 
largest buyers so far.”

“Through technology like 3D print-
ing, MICA’s artists are using their 
unique skill sets to bring change. 
For weeks, MICA faculty and staff 
have used every resource they have 
to help create personal protection 
equipment (PPE) — namely face 
shields — through an alignment 
with Open Works, which was found-
ed in 2016 to rebuild Baltimore’s 
manufacturing economy.”
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“I was like this is the moment to ask not what your country can do for you but what 
you can do for your country. That was my moment! I was like I’m a sewer! Yes, I can do 
this! And I just started sewing. I’ve made probably about 3 dozen masks so far,” said 
Jillian Collins, a Harford County mom and a Baltimore County teacher.”

“I’m not a medical professional so I don’t have to risk my life in that capacity. I’m not 
army. I’m not anything in the military where I’m risking my life for my country. I feel like 
behind my sewing machine I’m doing the good that I can do to keep people safe during 
this time.”

“Even if I just help one person stay safe during this time, it will be well worth it to me,” 

“I’m hoping other people find the goodness in them to do the same exact thing 
because times of pandemic and fear bring out the best and worst in people and our 
country is made up some of the best of people.”

Intentional, sustained outreach and relationship-build-
ing produced tangible and intangible benefits when 
the healthcare crisis emerged. Open Works was able to 
capture the momentum of intersubjective volunteer-
ism. Intersubjectivity is a term originally coined by the 
philosopher Edmund Husserl (1859–1938) to de-
scribe the “interchange of thoughts and feelings, both 
conscious and unconscious, between two persons or 
“subjects,” as facilitated by empathy” (Cooper-White, 
2014, p.17). Intersubjectivity may also be described as 
agreement without a conversation. 

The volunteer response represented a collective 
decision that expanded resources from 13 3D printers 
to 388 volunteers with access to almost 1,000 3D 
printers. Organizing organically as a result of the call to 
action, volunteers solved a production bottleneck cre-
ated by insufficient printing capacity and allowed the 
project to scale. This occurred on an institutional and 
individual level, showing evidence of inter-institution-
al trust as well as trust demonstrated by individuals 
responding to the Open Works request for assistance.

“As emergency production efforts across the U.S. have 
ramped up, Greater Baltimore institutions with equipment 
to spare have been looking to pitch in however they can. 
And now, some of the city’s private schools are finding ways 
to join the effort, especially as campuses are set to remain 
dormant through most of April.”

“Dan Durand, chief innovation officer at LifeBridge Health 
system, said the director of technology at the Gilman 
School, Tye Campbell, recently reached out to him offering 
to donate the Baltimore institution’s eight 3D printers for 
the health system to use. That connection led to others 
with private schools in the area, and now, LifeBridge has 
added 19 donated printers to its in-house “3D Printing 
Farm.”

“In late March, Open Works, a nonprofit makerspace in Bal-
timore, received calls from local hospitals looking for more 
personal protective equipment (PPE) supplies. Open Works, 
which has machines like 3D printers and laser cutters, part-
nered with two other groups to create face shields. They 
quickly figured out how to pack and distribute the shields, 
but the problem was the printing: Open Works only has 
13 3D printers, and it became a bottleneck. They put the 
call out—anyone in the Baltimore area with access to a 3D 
printer could help.”

Transformative volunteerism “helps promote the incorpo-
ration of proposals for action and social transformation, 
which turns the volunteer into an agent of change (Ortega 
et al., 2018, p.34).” This type of volunteerism enables par-
ticipants to reach beyond their immediate circumstances 
and become increasingly pro-social with a greater capac-
ity for empathy. The trajectory of collective engagement 
is changed to one that promotes a cause greater than 
the perceived needs of individuals. The once-in-a-centu-
ry threat of a global pandemic that led to the infection of 
millions provided an opportunity for transformative vol-
unteerism to occur. Open Works was able to capture the 
growing desire to “do something” to counter the threat.
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Conditions that produced a sense of collective threat 
also inspired volunteerism that far exceeded responses 
that occur during more routine conditions, a kind of hy-
per-volunteerism. Concerns that may prevent volunteers 
from participating were exceeded by the motivation to 
assist and normal barriers to trust were diminished. 
There was also evidence of heightened resource sharing 
that may be attributable to the presence of a common 
threat and concern for the wellbeing of the community. 
Creating a relationally healthy community is a core value 
adopted by Open Works from inception and it served as 
a catalyst for transformative and hyper-volunteerism. 
Transparency is one of trust-building practices exhibited 
by Open Works throughout the COVID-19 response. For 
example, The Maker United website evolved into a rich 
source of information concerning the project, includ-
ing financial data, how to participate, process, design 
specifications, and other vital information. The degree 
of resource and information sharing contributed to an 
already high level of institutional trust. Transparency is 
not an unfamiliar practice for non-profit organizations 
such as Open Works. However, it is also acknowledged 
that not all makerspaces are established as non-profit 
organizations. Regardless of the corporate structure 
of the makerspace, it is clear that transparency helps 
eliminate barriers to institutional trust and added value 
during the crisis by providing an outlet for intrinsically 
motivated volunteer vibrancy.

“The response to the postings was so overwhelming 
that Holman needed to create a Google Form to better 
organize those who reached out. Within six hours of the 
original post, Open Works had nearly 100 volunteers that 
collectively had 250 printers, nearly 20 times the 13 that 
the maker space had on its own.”

“The entire premise of Open Works as an organization has 
been to build community, and when you take away the 
ability to congregate, community often goes away, too, 
but we’re trying to find other ways to net people together 
and stay resilient.”

“By Sunday, Open Works said it had heard from nearly 160 
volunteers who collectively have 414 printers and were 
willing to join in the face shield-making effort — and of-
fers were still coming in. That is more than 30 times what 
the makerspace had on its own.”

“I was amazed at how quickly everyone pulled together to 
help with this project,” said Sullivan. “In less than a week, 
three community members from different departments 
started producing face shields and utilizing Loyola’s 
resources to aid our local health care facilities in a time 
of crisis. This speaks to the heart of our mission at Loyola 
to be people for others. The generosity of spirit, time, and 
talent shown by Matthew, Yanko, and Billy really captures 
Loyola’s Jesuit values.”

ONE OF 21 FAQs

 

Here is a breakdown of what it costs to produce the masks that we are selling 
at cost. We are charging for them because:

The most efficient, transparent, and fair way to distribute them is through an 
open portal accessible to anyone

We are paying workers to make these, which puts them under our liability and 
workman’s comp insurance in case something happens.

The 3D printed part is only 15% of the cost of the assembled object.

Putting a low, fair, and transparent price online helps discourage price-goug-
ing and profiteering by other participants in the marketplace.

Hospitals have plenty of budget for these supplies, they just can’t find them 
anywhere because global supply chains have broken down.
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The Open Works response to the COVID-19 pandem-
ic involved several forms of mobilization to counter 
supply chain deficiencies in PPE production exposed 
by the pandemic. Mobilization is the ability to summon, 
organize, and deploy resources to achieve a stated 
objective. In this case, the objective was to contribute 
to a community effort to minimize the loss of life by 
supplying PPE to healthcare providers. Open Works 
became part of a network of community partners who 
contributed resources and assets to achieve a com-
mon goal. Mobilization was facilitated by the alignment 
of values and productive capabilities that converged 
and became operational in a very short period.

The mobilization of Open Works and its network of 
partners was democratic, permissionless, and knowl-
edge-centered. It was inspired by the concern of 
community actors, members of their organizations 
who were suddenly unemployed due to closures, and 
the desire to support frontline healthcare workers. The 
mobilization occurred in a manner that complied with 
production standards for healthcare equipment but 
without the sanctioning of a public or private authority. 
It was “grassroots” mobilization in every sense of the 
meaning. The threat of insufficient PPE did not allow 
time for an extensive feasibility analysis. The crisis 
demanded action and equitable opportunity to partici-
pate in solutions. 

“So far, efforts to 3D print medical supplies have been 
bottom up, with individual makers and small companies 
creating materials on an ad-hoc basis.”

“Approximately 25 faculty and students from eight 
Catholic schools were using the schools’ 3D printers to 
assist in the production of face shields, in cooperation 
with Open Works, Innovation Works and We the Build-
ers, makerspaces in Baltimore City.”

“For Holman, the project serves as a way to lend a hand 
to the community while also keeping himself and his 
fellow artists afloat.”

“...teachers, working with school administrators, have 
brought printers home. He is also working with three 
students, using their families’ 3D printers for his proj-
ect. School administrators are donating filament and 
helping to coordinate the locations of their schools’ 
printers. Other individuals are volunteering to gath-
er materials and drop off the finished parts to Open 
Works.”

“...a teacher at Charles Carroll Barrister Elementary in 
Pigtown, has also taken matters into her own hands. 
While she may not have the power of an organization 
behind her, she did not want to stand idly by in the 
midst of the pandemic.” “In times like these, when it 
doesn’t seem like there’s much you can do and it feels 
like there’s a lot out of your control, it’s really gratifying 
to find something that you have a skill set for that you 
feel like is helping.”

OSMS describes their mission as: 

We inform and empower makers, engineers, manufacturers, local organizers, experts, and 
institutions around the world working in their communities to meet supply challenges stem-
ming from global crises. 

We provide high-quality information, platforms for collaboration, and strategic support to 
globally-distributed local groups to facilitate rapid and effective mobilization.

We identify and collaborate closely with well-aligned strategic partners so that members of 
our community have a diverse ecosystem of support for their efforts.

makers, fabricators, organizers, and medical pro-
fessionals working together to meet the unprece-
dented medical supply challenges stemming from 
the COVID-19 pandemic” (Open Source Medical 
Supplies, 2020). 

“Those in the position to give back have taken an all-
hands-on-deck approach, diverting their attention to 
something impactful while social distancing. It feels 
great to be able to focus on something. It’s why so 
many people have come out of the woodwork to help. 
This is an unprecedented national emergency. It’s 
emotional—I’m shell shocked at the way the com-
munity has come together.”

“Baltimore makerspace Open Works is mobilizing 
makers to get involved in making face shields for 
healthcare workers, who are facing a critical short-
age. It called on volunteers with 3D printers to make 
parts who can sign up through this website, and 
staff that were previously idled after the space 
closed will assemble and ship the packages.”

“In the face of a looming shortage, hospitals, 
health, and government agencies have been 
turning to local, small manufacturing compa-
nies to fill the void. These new partnerships 
are creating life-saving supplies and jobs, for 
those who desperately need them.”

“For fabricators who can produce medical 
supplies at some level of scale, figuring out 
the supply chain can be a serious impedi-
ment. There’s a need for manufacturers who 
can answer the government’s call for making 
ventilators, but manufacturers also need a 
way to suss out the new pandemic wartime 
logistics. It’s one of the things that people ha-
ven’t grasped: You need to consider the entire 
supply chain.”

“In the coronavirus era, there’s an advantage 
to having a regional manufacturing center, 
especially for cities that have been written off 
as post-industrial dead zones.”

“Throughout the world, healthcare profes-
sionals have struggled due to shortages of 
PPE, from gloves to masks to face shields. 
Makers have stepped up in an attempt to fill 
the shortage. But this attempt is one they 
recognize is a short-term solution for a much 
larger problem.”
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VALUES - INSPIRED MOBILIZATION

The Research

“Those in the position to give back have taken an all-
hands-on-deck approach, diverting their attention to 
something impactful while social distancing. It feels 
great to be able to focus on something. It’s why so many 
people have come out of the woodwork to help. This is an 
unprecedented national emergency. It’s emotional—I’m 
shell shocked at the way the community has come to-
gether.”

“Baltimore makerspace Open Works is mobilizing mak-
ers to get involved in making face shields for healthcare 
workers, who are facing a critical shortage. It called on 
volunteers with 3D printers to make parts who can sign 
up through this website, and staff that were previously 
idled after the space closed will assemble and ship the 
packages.”

“When you look at what people make and how they make 
and what brought them to making, it’s a response to a 
problem that was in their life or a challenge in their com-
munity,” Dorothy Jones-Davis said. “Right now, we’re in 
the midst of probably the biggest challenge that most 
of us have ever faced in our lives. I think when it comes 
down to it, when we’re in crisis, we all want to help.”

The mobilization also was enabled by information ac-
cessibility. Open source design specifications shared 
without intellectual property restrictions facilitated 
mobilization and network-building. This knowledge 
sharing facilitated an agility that failed to materialize in 
the existing supply chain. The responsiveness was also 
aided by organizations such as Open Source Medical 
Supplies (OSMS) that was launched in March 2020 and 
brought together “a global network of over 70,000 



“Makers around the world have created open-source 
designs that anyone with a 3D printer can download 
and produce. Josef Prusa at Prusa Lab in Prague, Czech 
Republic, devised an open-source design that was ap-
proved by the Czech Republic’s Minister of Health and 
has been downloaded more than 40,000 times.”

“In an effort to help contain COVID-19, Josef Prusa, of 
Prusa Research, a 3D printing company in Prague, 
Czech Republic, created an open-source design for a 
face shield to be worn by healthcare workers.”

“In order to make certain medical equipment, 3D-print-
ing companies and makers may need to reverse engi-
neer patented designs, and therefore put themselves at 
risk of being sued by patent owners, or gain temporary 
access to patented designs, which patent-holders may 
see as a risk to their business. 3D-printed kits might be 
something of a novelty in hospitals pre-COVID19, but 
there are niches where additive manufacturing has 
already taken hold.”

There was a moral element to the mobilization of mak-
ers, moral in the sense that guiding principles were the 
catalyst for collective action. Enough community mem-
bers shared the guiding principle of helping others 
during a crisis that it led to mass action. The morality 
factor also contributed to the willingness of partici-
pants to risk viral infection in the interest of protecting 
the broader population. Action was viewed by others 
as “the right thing to do” under the circumstances. The 
deficiencies in the supply chain were not caused by 
those who mobilized; but accountability for existing 
inadequacies was not a priority during the height of the 
crisis. Mobilization was the overarching goal.

“In times like these, when it doesn’t seem like there’s 
much you can do and it feels like there’s a lot out of your 
control, it’s really gratifying to find something that you 
have a skill set for that you feel like is helping.”

“We’re stitching together the healthcare system in the 
most powerful country in the world, with 3D printers, laser 
cutters, and volunteers, instead of being in a country 
where our leader is adequately prepared for this.”

“These charitable tinkerers provide ground for both a deep-
ly American kind of hope—strangers doing as much as 
they can, wherever they can, for the good of their neigh-
bours—and despair, at the colossal federal failure that 
inspired them.”

The Open Works response may offer implica-
tions for the emerging manufacturing sector. 
Principles based on opportunity awareness, 
agile performance, and continuous discov-
ery of supply chain innovations are a few of 
the performance-based practices observed 
during the study. Practices were observed 
that are based in organizational learning and 
continuous improvement. Individual and orga-
nizational learning are capabilities that help 
achieve maximum production agility.

“There’s no way that this is more cost- or la-
bour-efficient than making it in a giant factory, 
but when all the giant factories are in China and 
China needs all the face shields domestically, 
it just exposes the yawning gap in America’s 
industrial space.”

“We saw on Instagram that Open Works, a 
studio space in Baltimore, was working on pro-
ducing face shields to help with the shortage of 
personal protective equipment for health care 
workers. Open Works found an open-source 
design of a face shield that consists of a plastic 
shield that is laser cut and 3D printed parts 
that sit at the forehead and at the bottom so 
the mask retains its shape.”

“One reason so many people have turned 
to face shields, explains Paul Mirel, a Balti-
more-based maker, ‘is that shields need not be 
sterile,’ and ‘they’re easiest to manufacture.’”

The supply chain vulnerabilities created in part by the 
offshoring of manufacturing became evident during 
the crisis. The need for onshoring manufacturing and 
positioning small, local producers for crisis-ready 
responses was apparent. The process of aware-
ness, response, data collection, information sharing, 
and quick adjustments to obstacles were critical to 
building on Open Works’ existing institutional trust, 
lean approach to manufacturing, and commitment to 
helping address deficiencies in the PPE supply chain. 

The global expanse of the pandemic and gap in the PPE 
supply chain were unique in scope and circumstances 
(i.e., the need for medical worker supplies, rather than 
care for disaster victims). Not only does this case con-
sider the impact on beneficiaries of the PPE, but also 
how to manufacture a product in the absence of formal 
business networks dedicated to crisis response. Open 
Works, the distribution site, used Lean Manufacturing 
principles to quickly implement a functional continuous 
improvement process.

Lean Manufacturing is based on principles from 
Japanese culture and philosophy that influence the 
business practices of firms like Toyota. The company 
that eventually became Toyota Motor Corporation was 
founded in 1933 by Sakichi Toyoda who had committed 
43 years to developing and perfecting the produc-
tion of looms (Toyota Industries Corporation, 2020). 
Understanding the foundational philosophy of Lean 
Thinking is helpful in efforts to understand the Open 
Works response to the COVID-19 crisis, particularly 
the Japanese concept of keiretsu which translates to 
mean “group” or “system” (Moffatt, 2020). The type 
of keiretsu most relevant to the Open Works’ response 
to the pandemic is “vertical keiretsu,” or an industrial 
keiretsu which ties suppliers, manufacturers, and dis-
tributors together in partnership and allows all partici-
pants to detect, adjust, and respond to events such as 
an unexpected crisis in a short amount of time without 
losing focus on its mission, vision, and core values.
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LEANING IN - STANDING UP A 
CRISIS-RESISTANT SUPPLY CHAIN
When there is a geographically-based crisis, such 
as a weather event (i.e., hurricane, flood, tsuna-
mis, etc.), there are organizations and networks of 
volunteers to respond. For example, disaster relief 
centers (DRCs) are the retailers of disaster relief 
supply chains. Also known as Points of Distribution 
(PODs), disaster relief centers are ad hoc distribution 
sites set up in shopping mall parking lots, schools, 
churches, or warehouses where relief supplies are 
distributed to beneficiaries. Perhaps the most sig-
nificant challenge faced by DRCs is the convergence 
of volunteers and material resources, a mobilization 
of people and supplies into affected areas following 
large-scale disaster events (Abualkhair, Lodree, & 
Davis, 2020). Supply chain scholars study beneficia-
ry arrival and service times, donation arrival and ser-
vice times, and volunteer arrival and abandonment 
times from food banks to faith-based warehouses 
(Urrea, Pedraza-Martinez, & Besiou, 2019). Organiza-
tions face high variability in volunteer experience and 
in volunteer arrivals, for instance, to prepare orders 
in storehouses. Heterogeneous volunteer experience 
complicates the allocation of volunteers to tasks 
because inexperienced volunteers can delay opera-
tions and do more harm than good in their attempts 
to help (Jenkin, 2015). In the case of the Open Works 
COVID-19 response, there were no existing DRCs or 
established networks of volunteers for the purpose 
of crisis response.

The Research



 
“Open Works has been contacted by several Baltimore-area hospitals in 
the last 48 hours requesting help making protective equipment for health 
workers. We are organizing a call with procurement officers and health 
department officials this weekend to assess demand.”

“This morning (one day after a call to action) I woke up to an army of heal-
ers who have answered our call to help make face shields for local health-
care workers. After a 16-hour day of emails, phone calls, and social media 
work by our amazing team, we have 134 makers representing 277 printers 
signed up to help. We have raised $2,400 dollars.”

“In the last 24 hours (two days after a call to action), we have developed 
sanitation protocols, build instructions, ordered materials, printed our 
first prototypes, and partnered with We the Builders (wethebuilders.com) 
to host the build using their unique part ID system that will create a chain 
of custody for each part. A build instruction packet, waiver, and sign up 
instructions will go out to those who have signed up later today. If you’ve 
already started printing, don’t stop. If you haven’t started, standby.”

“Y’ALL WE DID IT! 141 SHIELDS TWO DAYS AHEAD OF SCHEDULE (four days 
after a call to action)!! Keep the parts coming! (Hard to take a triumphant 
group pic while maintaining social distance.) Can’t send us parts? Help us 
out at www.openworksbmore.org/support-us/ @ Open Works”

Five Lean principles (i.e., value, value streams, 
flow, pull, and perfection) provided a frame-
work for analysis with an emphasis on value 
stream development. 

 

Open Works’ supply chain created value for 
healthcare workers by providing supply (Liv-
ington, Desai, & Berkwits, 2020). Value was 
defined by customers in the context of a global 
pandemic and resulting shortages of life saving 
equipment. Value rose as the threat increased 
and PPE was produced to meet demand. While 
insufficient supply and increased demand are 
expected to result in higher prices according 
to traditional economic models, sensitivity to 
the crisis and the needs of current and future 
partners contributed to the use of pricing mod-
els more consistent with Lean Thinking “target 
costings (Lean Enterprise Institute, 2020).” 
Target costing refers to “the development and 
production cost that a product cannot exceed 
if the customer is to be satisfied with the value 
of the product while the manufacturer obtains 
an acceptable return on its investment. This is 
the practice developed by Toyota for its long-
term small supplier groups. Because there is 
no market price available from taking bids or 
conducting an auction, Toyota and its suppliers 
determine a correct/fair cost (and price) for a 
supplied item by estimating what the custom-
er thinks the item is worth and then working 
backwards to take out cost (waste) to meet the 
price while preserving Toyota and supplier profit 
margins (Lean Enterprise Institute, 2020).” 
As in the Open Works case, the clear objective 
was providing value to the customer, which had 
been altered by the prevailing crisis, by minimiz-
ing waste in the production process. Financial 
models revealed by Open Works suggests that 
concern for human life, the ability to provide 
compensation for staff members displaced 
by pandemic-driven closures, and a desire to 
provide what healthcare workers valued were 
priorities. 

.
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“Our team and the families of our 
residents and the families of our staff 
at Arbor Place Memory Care Assist-
ed Living in Rockville are all grateful 
to you; each shield you make makes 
a difference in the lives of many!!” 

-- #makersunite #getusppe #facesh-
ield #madeatopenworks #madeinbal-
timore”

 

 
 

 
 

  

“In the meantime, we had to lay off our 
entire 21 person PT staff last night 
due to the Governor’s order closing 
the facility. Sterilizing, assembling, 
packaging, and distributing these 
shields will allow us to hire back 
some of our displaced workers. If you 
can donate a few dollars to help us 
purchase packing materials, protec-
tive gear for our workers, and get a 
few shifts back online next week, we 
would be so grateful. We also want to 
be able to be in a position to reim-
burse volunteers for material and 
time at some point down the road 
when all of this settles down.”

“Please boost the signal (i.e., share 
the information) so we can raise 
some money for materials and re-hire 
idled workers.”

“Billing cancelled for May, face shield 
production update, #makinginplace, 
and more COVID-19 updates!”

The value stream in Open Works’ production of PPE 
was evident in the acquisition of raw materials, con-
version of raw materials into a useful product, and the 
fulfilment of customer needs. The ability to efficiently 
meet that need was partially influenced by the abili-
ty to eliminate waste in the production process, the 
ultimate goal of Lean Manufacturing. There was a need 
to determine how value-producing processes organ-
ically and quickly translated into production. Tasks, 
materials, and procedures that added little or no 
value were eliminated. The ability to conduct a value 
stream analysis and move from concept to production 
in four days demonstrated an agility that may not be 
as evident in the absence of a crisis. However, even 
after the current crisis, small and midsize manufac-
turers (SMMs) and suppliers such as Open Works will 
have demonstrated their value to supply chain agility. 
Organizations such as the World Economic Forum, 
a nonprofit foundation founded in 1971 in Geneva, 
Switzerland, recognize the potential of SMMs. They 
describe the difficulty manufacturers experience 
when attempting to pivot due to a lack of flexibility in 
their supplier base (World Economic Forum, 2020). 
The trends of automation and small batch production 
were already leading some manufacturers to build a 
more local supply chain. The pandemic created a crisis 
that accelerated demonstrations of local capacity as 
occurred with Open Works’ response to the PPE face 
shield shortage.

.

The nine-step production process mentioned 
earlier includes steps taken by Open Works to 
eliminate waste. There were steps that were 
clearly designed to eliminate waste as well as 
other steps that held less value but could not be 
avoided because of the absence of more effi-
cient solutions. The absence of more efficient 
solutions may be the result of human resource 
limitations or insufficient production assets. The 
Lean Manufacturing principle of “flow” occurred 
as Open Works spontaneously organized a team 
dedicated to the production of a single item, 
face shields. Production assets were available 
to produce other PPE such as gowns and masks. 
However, a dedicated product team is one meth-
od of reducing production cycle time. The value 
of a dedicated product team was achieved while 
other innovations were deployed such as the in-
vitation to the external community to print parts, 
sign waivers, and deliver parts to the Open Works 
facility. Work flowed from one value-added step 
to the next while minimizing stoppages, scrap, or 
backflows. 

“Yesterday, we hit a new record of 504 assem-
bled and packed shields in one day. Shields have 
been distributed to 9 clients including homeless 
shelters, a cancer care center, ER docs at a major 
hospital, and the Veteran Administration for com-
pliance testing.”

“From here on out, 500/day is the minimum pro-
duction goal. To that end, we are supplementing 
home-printed frames with our own CNC-cut acrylic 
design. Many of you have asked how the shelter-in-
place order will affect the ability to drop off parts; 
we have spoken to the Governor’s office and will be 
posting a letter that you can carry with you on the 
Slack channel for builders. You can also ship them 
to us.”

“Larger manufacturers are starting to spin up, but 
the demand is so deep we plan to be doing this for 
the next four weeks. Keep those parts coming if 
you can -- you are the people powering this amaz-
ing project!!”

“Yesterday, we ended the shift with 526 shields 
made, another new benchmark!”

Pull is a flow control mechanism in which nothing 
is made or delivered by an upstream producer 
unless signaled by a downstream customer (Lean 
Enterprise Institute, 2020). A central compo-
nent to Just-In-Time manufacturing, face shields 
were not produced without actual demand. The 
approach reduces design-to-delivery cycles as il-
lustrated by Open Works’ quick stand up and rapid 
increases in production speed. Traditional produc-
tion based on pushing products to meet forecast-
ed demand is less effective when demand rapidly 
increases because of an unexpected crisis. The 
production of tens of thousands of face shields 
in less than 60 days by an organization that had 
never produced a single face shield before the 
pandemic is impressive. Doing so in a manner that 
minimized waste by strict adherence to the emer-
gent demand is equally impressive.

Open Works has built a reputation for excellence 
since opening in 2016. Their response to the crisis 
and the way in which the organization innovatively 
reallocated assets is consistent with their culture. 
The pursuit of perfection is described in Lean 
Manufacturing as continuous improvement. It is 
a process of identifying customer value, defining 
value streams, facilitating flow, and allowing the 
pull of demand to set the pace while making per-
petual steps toward perfection. The commitment 
to continuous improvement is as much a cultural 
characteristic as it is behavioral action. It is based 
on prevailing organizational beliefs, values, and 
attitudes that support continuous improvement as 
a collective priority.

.
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The pursuit of quality and waste reduction was ex-
emplified by the Open Works staff. Testing, bringing 
on new designs, setting increasingly higher produc-
tion benchmarks, meeting design standards set by 
demand from new clients, repurposing production 
assets such as a Kraft paper dispenser occurred 
to continuously improve the process and increase 
value. Changes such as moving to a CNC-ed design 
to increase production speed, resolving the need for 
more bottom reinforcements, and providing guid-
ance to the network of volunteer suppliers about 
required adjustments to their printers to accom-
modate the new specifications were all part of an 
unwavering commitment to continuously improving 
the production process. Open Works demonstrated 
the agility required to reduce effort, time, space, 
costs, and mistakes while delivering PPE that met 
all stakeholder specifications.

.

Testing

90 Min

Crisis Response

4 Days

Prototype Manufacturing

1 Week

Idea

From crisis awareness and the first call for volunteers to the conclusion of the project, there were 
opportunities for improvement. Opportunities emerged in part because of the spontaneous and 
rapid way the supply chain was created. Open Works did not have oversight of the production of face 
shield parts that happened outside of the facility. Quality checks in accordance with sanitation spec-
ifications and other industry requirements occurred onsite once parts were delivered. Influence was 
maintained by providing volunteers with clear instructions and guidance about locating resources. 
However, the high level of commitment and persistence among volunteers also contributed to solv-
ing production problems and continuing the flow of parts to Open Works.

“Over the first weekend in April, Le tried to use a modified design that would let him print four frames 
at once, stacked like pancakes. ‘It was a disaster! The tower fell over pretty quickly into the second 
set.’ ...They are revising the model to make an even faster less error-prone version soon.” Napoleon 
once said, “Amateurs talk tactics. Professionals talk logistics.” You have helped us build a complex, 
beautiful, and resilient supply chain in just one week -- something experts said was impossible. Now 
the durability of this system will be put to the test.”

“Making face shields at Open Works has illustrated exactly why makerspaces are such a valuable part 
of any city’s economic and educational vitality. From idea to testing in 90 minutes. From crisis to re-
sponse in 4 days. From prototype to scalable manufacturing in a week. We can’t reopen just yet. When 
we do, we will be ready for thousands of other crazy ideas to burst into being.”

“Bringing a second design online today. Instruc-
tions and cut files out on our blog soon!” 

“Rise and grind! With our second design made 
from CNC-cut acrylic now approved, we were able 
to hit a new production record of 845 shields yes-
terday! That brings our cumulative total to 4,415 
produced and 4,360 parts collected from YOU!”

“We are grinding to keep production high, get an 
open source release of the acrylic file ready, and 
put together some rewards for those working hard 
at home. Look for all those updates by the end 
of the week -- in the meantime, we’ve got a new 
production benchmark to beat today.”

“We repurposed the Kraft paper dispenser in the 
classroom to feed 3 rolls of elastic into the hot 
cutter borrowed from @sewlabusa, then scissors 
for the slit that attaches it to the headband.”

“As we ramp up our CNC-ed design (will be re-
leased on our blog tomorrow) to speed up output, 
we need more bottom reinforcements. If your 
printer is too small to make the RC2 design, lay 
out 8-12 bottom reinforcements and send us 
those instead. Thank you!!”

“View of our new hardhat design in use! Under-
going field testing with the USDA as we speak to 
see if it meets specs. We will be releasing it open 
source once we finish perfecting the files.”
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Prusa Labs  developed the open-source design that we are using.

We The Builders hosted the first part of this build using their collaborative 
program for part-tracking and file hosting.

Innovation Works is handling interfacing with health care providers, orders, 
and distribution.

Open Works is collecting finished parts, sanitizing, assembling, and packag-
ing them for distribution.

Nation of Makers is the national association of makerspaces and maker 
organizations powering this project across the USA. They have organized 
regional efforts like ours under the national umbrella of Get Us PPE.

(Open Source Medical Supplies, 2020)
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THE CONCLUSIONS

reducing vulnerabilities for all communities. It is important 
to frame the threat of vulnerabilities as a condition that is 
ongoing and constantly critical. 

Transparency was another contributing factor to the 
widespread commitment to resource sharing. From the 
identification of open source face shield design to the 
publishing of financial data, openness about all phases 
of the process contributed to the willingness of others to 
join the effort and contribute solutions. The implications 
are clear for other production settings. Data democracy 
and information transparency may significantly influence 
productivity and collaborative work initiatives. The level 
of transparency was evident through all forms of media 
and communication channels (i.e., social media, journal-
istic accounts, websites, and platforms owned by collab-
orators). Transparency was valuable internally and with 
external collaborators, helping to sustain the willingness 
of collaborators to contribute through the entire 56-day 
response.

Trust was also a factor in the mobilization of volunteers. 
Large volunteer responses alone are not enough to sus-
tain a project. A strategy is required for organizing and 
operationalizing tasks in a way that value is also created 
for the volunteers. It is the goal of “smart manufacturing” 
to reduce costs by managing energy and creating net-
worked data-driven processes that integrate intelligence 
in real-time across an entire operation. When the initial 
bottleneck in production was discovered at Open Works, 
the solution was one that did not impede the progress of 
the project. Having insufficient 3D printing capabilities 
allowed Open Works to mobilize the collaborative goodwill 
and trust of the community. The call for volunteers and 
donations was a catalyst for mobilization driven by trust 
collateral invested by Open Works.

Pace without waste is one way to describe the conse-
quences of Open Works’ adherence to Lean Manufac-
turing principles. It should be noted that Lean Thinking 
is as much cultural (i.e., related to beliefs, values, and 
attitudes) as it is practical. The process of establishing 
keiretsu (i.e., the grouping or systemization of suppliers, 
manufacturers, and distributors) was evident in Open 
Works’ practices prior to the pandemic and face shield 
project. The grouping and coordination of distribution 
was facilitated by partners such as Innovation Works. The 
Baltimore nonprofit is led by neighborhood entrepreneurs 
who work to improve Baltimore’s neighborhood econo-
mies by launching and growing sustainable social

enterprises with goals of reducing Baltimore’s neighbor-
hood, racial, and wealth divides. Their role of interfacing 
with healthcare providers, handling orders, and coordi-
nating distribution was vital to the success of the effort. 
As a tenant of the Open Works facility, Innovation Works 
was subject to the same business interruption experi-
enced by their landlord. However, they demonstrated 
shared values of crisis response, community collabora-
tion, and efficient production.

Value and value creation were core principles of the proj-
ect. Of course, a crisis is conducive to heightened value 
for consumers and for those producing face shields. 
However, lessons learned in highly intense conditions 
may also contribute valuable insights regarding future 
production practices. For example, one of the realities of 
manufacturing in the future is the ever-increasing rate 
technological change and demographic shifts. These 
expected changes do not include the unforeseen events, 
such as a global pandemic and the resulting economic 
upheaval. The principles of monitoring flow and not get-
ting ahead of pull are practices that will remain important. 
Just as the 9/11 terror attacks irrevocably changed com-
mercial travel and required a complete change in the way 
passengers are processed through security, the global 
pandemic will precipitate changes that will bolster the 
value of goods produced in manufacturing. Inadequate 
security was the driver of necessary value stream ad-
justments in the airline industry. Inadequate supply chain 
agility is now the driver of value stream transformation in 
manufacturing.

The pursuit of continuous improvement is similarly in-
fluenced by the pandemic and observers may find solu-
tions in the Open Works production of PPE. Finding new 
potential supply chain partners sometimes involves the 
engagement of federal partners that have programs to 
assist small and medium-size companies. An outcome of 
this case study will be to explore the The Small Business 
Innovation Research (SBIR) and Small Business Technol-
ogy Transfer (STTR) programs. SBIR and STTR are highly 
competitive programs that encourage domestic small 
businesses to engage in Federal Research/Research and 
Development (R/R&D) with the potential for commercial-
ization. Through a competitive awards-based program, 
SBIR and STTR enable small businesses to explore their 
technological potential and provide the incentive to profit 
from its commercialization.

By including qualified small businesses in the nation’s 
R&D arena, high-tech innovation is stimulated, and en-
trepreneurial activity is encouraged as it meets specific 
research and development needs. Central to the STTR 
program is the partnership between small businesses 
and nonprofit research institutions. The STTR program 
requires small businesses to formally collaborate with 
a research institution in Phase I and Phase II. This new 
supply chain, involving a higher education partner like 
Coppin State University, creates the type of academ-
ic, public, private partnership and innovation hub that 
aligns with the goals of governmental programs. 

One of the greatest illustrations of Lean Manufactur-
ing principles occurred because rapid adjustments 
were made without losing the emphasis on quality. This 
enabled the Open Works team to achieve rapid proto-
typing in the initial  phase of the project, but also when 
a contract was obtained from the USDA. The USDA con-
tract required a deviation from the original Prusa Labs 
face shield design. 

The USDA specifications required design alterations 
such as a shield attached to a meat inspector hard-
hat. Any other design would diminish the value of the 
product for USDA purposes. In true Lean fashion, Open 
Works was able to respond with amazing prototyping 
speed (five days from the first prototype to USDA ap-
proval, four iterations total) and tight production cycles 
despite emerging barriers. For example, Aberdeen Prov-
ing Ground personnel were responsible for directing 
Open Works to the USDA need for face shields. Howev-
er, when attempting to engage the U.S. Army Futures 
Command to 3D print the USDA parts in bulk using 
industrial nylon printers, it was determined that they 
would have printed at a facility in Illinois raising the cost 
per unit to $21 when Open Works was only charging 
$7.75 per unit. This complete change in design speci-
fications, and a cost-efficient 3D printing solution was 
achieved within the 56-day project life cycle without any 
loss of time, efficiency, or quality.

Agility, resilience, and scalability are familiar terms in 
manufacturing. Agile manufacturing refers to the tools, 
techniques, and initiatives such as Lean that facilitate 
rapid response to their customers, the market, and in-
novations. Rapid response was demonstrated through-
out the PPE face shield project. However, it is difficult 
to demonstrate long-term resilience during a 56-day 
product life cycle.

A climate of trans-institutional trust enabled Open Works 
and their partners to quickly and collaboratively respond 
when the coronavirus pandemic created a global crisis. 
While the crisis is global in proportion, the response to 
deficient supplies of PPE for healthcare providers was local. 
The economic threat to Open Works due to the mandated 
closure did not deter their leadership, staff, organizational 
and institutional partners, and community members from 
mobilizing to meet the need and produce lifesaving equip-
ment. The selfless act of helping save the lives of others 
and the goodwill established with potential partners prior to 
the pandemic were major contributors to Open Works’ abili-
ty to summon support and reach production capability in an 
unprecedented short amount of time. The relational collat-
eral represented by trust-inspired volunteerism contributed 
to the reduction of costs and production cycle times.

There was an intersubjective, unspoken agreement among 
collaborators that a transcendent goal was at stake, con-
tributing the transformative impact of their volunteerism. 
Not only were valuable lessons learned regarding manufac-
turing efficiencies, the volunteers, and the organizations 
in which they serve now have new data and experiences 
that will inform their work in the future. This is the trans-
formative benefit of the Open Works project that may go 
unnoticed by those who focus totally on the quantitative 
measures of success. There is a human and relational 
transformation when people collaborate in a crisis for a 
cause larger than individual perceptions of self. Simultane-
ously standing up a communication network and a supply 
chain is evidence that institutional trust, social cohesion, 
volunteerism during a societal crisis, community and place-
making, lean manufacturing, and supply chain principles all 
contributed to the measurable outcomes. The immediate 
goal of the project was to meet the local need for PPE while 
employing a skilled labor force, the long-term impact will 
likely be institutional and organizational learning that will 
bring about socio-economic change.

 The level of support from community and institutional 
collaborators can be described as hyper-volunteerism. The 
responses exceeded expectations of those who initiated 
the call to action. An unforeseen common threat may not 
always be present and should not be relied on to inspire 
high levels of engagement from potential partners and the 
community. However, the influence of a crisis on the willing-
ness of others  to join a cause has implications for elevating 
the importance of supply chain agility to one of collective 
benefit and well-being for the entire community. It is im-
portant to present supply chain agility as a means of 

38 39



THE RECOMMENDATIONS

The case of Open Works’ response to PPE shortages 
during the COVID-19 pandemic leads us to make the 
following recommendations concerning a more agile 
manufacturing supply chain:

Identify and incorporate relational competencies such 
as trust into the ability to implement Lean Manufactur-
ing practices. 

A recent Industry Week article (Putre, 2020) identified 
“trust and open and clear communications with their 
suppliers, as well as strong relationships built over time,” 
as necessary for creating a post-COVID-19 economy and 
competitive advantage for original equipment manufac-
turers (OEMs). Developing competitive advantage for 
manufacturers will require socio-technical approaches 
to production and provide strategies for maximizing 
volunteerism, mobilization, network development, and 
other elements that will help infuse agility into the 
supply chain and relationships with suppliers and other 
stakeholders. Many disruptive events are unforeseen 
and do not allow for the time required to establish the 
social and relational infrastructure required to positively 
influence production cycles and reduce time-to-market. 
Relationships, like other key collaboration factors and 
production assets, require testing, maintenance, and 
even replacement. 

Data democratization and information transparency 
facilitate mobilization. 

Mobilization and volunteerism may be the catalysts that 
make agile responses viable in a crisis. These practic-
es are most effective when they are core values in the 
organizational culture. Data democracy is the practice 
of providing all stakeholders with the ability to access, 
analyze, interpret, and make decisions based on avail-
able data. It requires sound data management practices 
and exceptional data quality. Transparency is a practice 
that extends beyond data and refers to a bias toward 
openness which may be perceived as a negative vulner-
ability. However, the benefits gained from transparency 
far exceed the potential negative consequences.

Make value stream development an important part of 
your post-COVID-19 sustainability plan. 

Value stream development involves the identification of 
customer and market needs, measures that will be used 
to monitor and track performance relating to the gener-
ation of value, and constant efforts to 

implement improvement processes based on created 
value. This is never a static process or one that has a 
conclusion. It is iterative by its very nature and requires 
constant evaluation.

Prepare for a resurgence in the manufacturing sector 
and the role makerspaces will play.

The discovery of supply chain vulnerabilities revealed 
the need to re-shore manufacturing and train a skilled 
workforce that has the ability to use advanced technolo-
gy. This will change the significance of small-scale, local 
manufacturing, and potential assets such as makerspac-
es. Once viewed as exclusive hobby spaces with no real 
contribution to the economy, makerspaces have proven 
their value to local economies and the need for agile 
solutions to fill gaps in the supply chain. The 2019 “Turn-
ing Makerspaces into Greater Places: Organizational 
Assessment and Economic Impact Study of Open Works” 
revealed that the facility is contributing $8M annually 
in direct economic impact in Baltimore City and $9.9M 
annually in direct impact in Maryland. This level of im-
pact will prove even more valuable in the post-COVID-19 
economy, especially considering their community-centric 
networks.

Continue research regarding relational competencies, 
soft skills, and their importance in maximizing productiv-
ity in the manufacturing sector.

Technology is advancing. However, deficiencies in rela-
tional competencies and workforce preparedness contin-
ue to pose threats to competitiveness. We are at a crisis 
point when a September 2019 report by The National As-
sociation of Manufacturers announces that the growing 
skills gap has left a record 522,000 jobs open, another 
2018 report by The Manufacturing Institute and Deloitte 
found that 4.6 million jobs will need to be filled in the 
sector over the next decade, and 2.4 million jobs may be 
left open due to a lack of trained workers, relational skills, 
and technical skills. Addressing this will require intention-
al strategies and action for improvement (Rogers, 2019). 
Relational competencies will provide solutions required 
for integrating the cultural aspects of Lean Manufactur-
ing in technical environments. Relational competencies 
are also required to build collaborative momentum and 
trans-institutional networks required for agile manufac-
turing and supply chain elasticity.

3D Printing

A specific additive manufacturing technology, however, 
this term has gained common usage to describe all man-
ner of additive manufacturing. See Additive Manufactur-
ing.

Additive Manufacturing

The construction of complex three-dimensional parts from 
3D digital model data by depositing successive layers of 
material. Metal, polymer, and ceramic materials can be 
used to manufacture parts of a geometry that often can-
not be produced by any other manufacturing technology. 
The names of specific additive manufacturing technolo-
gies include: 3D printing, layered object manufacturing, 
selective laser sintering, selective laser melting, LENS, 
stereolithography, and fused deposition modeling. Syn-
onyms include layered manufacturing, solid freeform man-
ufacturing, direct digital manufacturing, rapid prototyping.

Advanced Manufacturing

Use of innovative technologies to create existing products 
and the creation of new products. Advanced manufac-
turing can include production activities that depend on 
information, automation, computation, software, sensing, 
and networking.

Agile Manufacturing

Tools, techniques, and initiatives (such as Lean and 
flexible manufacturing) to help a plant and/or organiza-
tion rapidly respond to their customers, the market, and 
innovations. It can also incorporate “mass customization” 
concepts to meet unique customer needs as well as “quick 
response manufacturing” to reduce lead times across an 
enterprise.

Bottleneck

A point of congestion in a manufacturing system that aris-
es when parts arrive at a given machine/operation faster 
than that machine/operation can process them.

Just-in-time (JIT) 

Techniques that reduce setup times, inventory, and waste, 
and improve products and reduce manufacturing cycle 
time. Synonyms include: continuous-flow production. JIT is 
a total manufacturing system that was first introduced by 
Toyota Motor Corporation.1

Kaizen

Practice of focusing on continuous process improvement.

Lean Manufacturing

A manufacturing practice that aims to reduce wasted 
time, effort or other resources in the production pro-
cess.

Manufacturing Cost

Includes quality-related costs, direct and indirect labor, 
equipment repair and maintenance, other manufac-
turing support and overhead, and other costs directly 
associated with manufacturing operations.

Manufacturing Cycle Time

The time of actual production from the moment a cus-
tomer order arrives on the plant floor to the completion 
of all product manufacturing, assembly, and testing.

Product-Development Cycle

Often called time to market, this is the period from when 
design/development work begins to the time that the 
final product is available for purchase.

Rapid Prototyping

Techniques to quickly fabricate a scale model of a phys-
ical part or assembly. Historically, this term has referred 
to the use of additive manufacturing to create the part. 
The term is falling out of favor to describe all additive 
manufacturing technologies because they are seen as 
being able to do more than just prototyping: i.e., they are 
now being used for production of final parts and assem-
blies.

Smart Manufacturing

Aims to reduce manufacturing costs from the perspec-
tive of real-time energy management, energy productiv-
ity, and process energy efficiency. Initiatives will create 
a networked data driven process platform that com-
bines innovative modeling and simulation and advanced 
sensing and control. Integrates efficiency intelligence in 
real-time across an entire production operation with pri-
mary emphasis on minimizing energy and material use; 
particularly relevant for energy-intensive manufacturing 
sectors.

Supply-Chain/Logistics Systems

Manufacturing software to optimize scheduling and 
other activities throughout the supply chain.

.
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Ronald C. Williams, Ph.D.

Ron has been in higher education for 35 years, spending the past 24 years 
as a faculty member of the Coppin State University (CSU) College of Busi-
ness where he also served as dean from 2013 until 2017. In 2016, he es-
tablished a formal relationship between Coppin State University and Open 
Works Baltimore, a 34K sq. ft makerspace in Baltimore, which is the first 
relationship of its kind in the nation between a makerspace and a public 
HBCU. Ron also served as the principal investigator for the 2019 “Turning 
Makerspaces into Greater Places: An Organizational Assessment and Eco-
nomic Impact Study of Open Works,” (www.GreaterSpacesAndPlaces.com), 
one of the first comprehensive assessments and economic impact studies 
of a makerspace in the nation. 

He is currently conducting research to develop a trust framework for 
collaborative economic development, particularly across cultural and 
geographic divides where historical distrust exists. His unique concept of 
“ingepreneurship” (inge… as in ingenuity) is described in a 2017 Metropol-
itan Journal article entitled “Creating a University Driven ‘Ingepreneurial’ 
Ecosystem in West Baltimore: A Strategy for Rust Belt Revitalization.” Ron 
holds a Ph.D. in management and organization from George Washington 
University with a concentration in the management of science, technology 
and innovation, and currently serves on the Boards of Directors of Open 
Works in Baltimore and the Urban Manufacturing Alliance.

 Will Holman

Will is a sought-after expert regarding design and makerspaces. His pub-
lications include Guerilla Furniture Design: How to Build Lean, Modern 
Furniture with Salvaged Materials, “How a Baltimore makerspace is encour-
aging trust between local residents, businesses, and institutions” in the 
Brookings Institution’s Placemaking Postcards Series, “Makerspaces and 
the Future of Work” in Taking Action: Positioning Low-Income Workers to 
Succeed in a Changing Economy” edited by the Hatcher Group for the Annie 
E. Casey Foundation, “Alternatives to the Atelier: Makerspaces and Design 
Education” in Design School: After Boundaries and Disciplines edited by 
Paul A. Rodgers and Craig Bremner, the Make Magazine “Made in Baltimore 
Series,” and many more. His speaking engagements include conferences, 
panels, expert testimony, and other events across the nation.

Prior to his role at Open Works, Will worked as an architectural designer, 
carpenter, artist’s assistant, cabinetmaker, furniture designer, and educa-
tor. He lives in an old house in Baltimore with his wife Amanda and daughter 
Annie. His primary interest is in expanding access to the means of produc-
tion through writing, community development, and open-source design.
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 Jeff Fuchs has been a lean practitioner for 27 years. His experience 
includes automotive, aerospace, machining, and energy industries, in 
roles including plant manager, quality manager, engineering director, 
and lean champion. He has managed numerous activities in non-profits 
and government offices designed to improve performance and enhance 
employee satisfaction. At Neovista Consulting, he now focuses on oper-
ational excellence, leadership development, organizational culture, and 
lean transformation across all industries. 

For eleven years, Jeff served as Executive Director of a lean consortium 
helping organizations build cultures of continuous improvement using 
Lean Thinking techniques. He is a lean trainer, improvement facilitator, 
leadership coach, and strategic advisor. 

Jeff has been deeply involved in the national Lean Certification program. 
He is Bronze and Silver Certified and is working now on his Lean Gold 
Certification. He is a member of the Lean Certification Oversight Com-
mittee jointly managed by the Association for Manufacturing Excel-
lence, the Shingo Institute, and the Society of Manufacturing Engineers, 
and has previously served as the committee’s Chairman. 

Jeff received his bachelor’s degree in aerospace engineering from West 
Point. He is a combat veteran of the first Gulf War, and avidly stud-
ies team leadership. He is an examiner for both the Shingo Institute’s 
Shingo Prize and the AME Excellence Award. For four years, Jeff chaired 
the State of Maryland’s Manufacturing Advisory Commission, and he 
currently serves on the Board of Directors of Open Works, a Baltimore 
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