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remains unclear. Do makerspaces encourage entrepre-
neurial participation, if so, who? Do makerspaces bene-
fit entrepreneurial commercialization, if so, how? Are
there any conditions determining when these effects
would occur? This study demonstrates meaningful
broad-based impacts of makerspaces on particular types
of entrepreneurship with growth potential. The find-
ings suggest that competitive, prominent accelerators
and incubators are not the only avenues for entrepre-
neurs to achieve commercialization success. Useful
insights are discussed for entrepreneurial program
managers and policy makers designing systems and
structures that support inclusive prosperity for
entrepreneurs.

KEYWORDS

entrepreneurship, intermediary organizations, knowledge
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1 | INTRODUCTION

An extensive literature has established the importance of intermediaries for promoting entre-
preneurship, such as government agencies (Sine et al., 2007), science parks (Armanios
et al., 2017), and educational programs (Eesley & Lee, 2021). Later advancements in strategy
and entrepreneurship research investigated prominent types of intermediary organizations:
incubators and accelerators, which specifically target high-growth startups (Assenova, 2020;
Hallen et al., 2020; Yu, 2020). At the same time, scholars have started examining other
burgeoning intermediary organizations that are not specifically designed for entrepreneurs but
have also cultivated notable cases of well-known startups. For instance, coworking spaces have
sparked the successes of Instagram, Uber, and Spotify (Howell, 2022; Roche et al., 2024). More
recently, a new type of intermediary has gained significant attention: makerspaces, the physical
spaces that provide fabrication tools and materials (e.g., 3D printers and laser cutters).
Makerspaces have experienced rapid growth in the last decade, allowing Square, PebbleTec,
URB-E, and other ventures to produce their initial prototypes for achieving later
commercialization.

Despite successful entrepreneurial anecdotes, research on the broad impacts of makerspaces
on entrepreneurship has largely been theoretical (Van Holm, 2015). Empirical studies have
focused mainly on the educational benefits of makerspaces (Keune & Peppler, 2019) and nur-
turing an entrepreneurial mindset among students (Van Holm, 2021). In fact, makerspaces have
their roots in the so-called maker movement—a growing trend for individuals interested in
“creating something new and learning new skills” to interact and build communities for shar-
ing information about how to tinker (Dougherty, 2012b). Thus, makerspaces are not designed
for entrepreneurs specifically and are most often used by hobbyists and students. These
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community-based environments may actually discourage commercialization activities
(Mollick, 2016). Survey results have suggested that entrepreneurs make up a meager percentage
of participants at makerspaces, with only 11% of makers considering themselves entrepreneurs
(Dougherty, 2012a) and only 5% indicating commercial intent (Halbinger, 2018). The little over-
all makerspace usage by entrepreneurs with commercialization endeavors contrasts with the
high-profile anecdotal successes, and whether makerspaces have large-scale effects on entrepre-
neurship therefore remains an open question.

Even if makerspaces do foster entrepreneurial activities, it is still unclear who are encour-
aged to participate. On the one hand, makerspaces can significantly lower the technological
entry barrier for intentional entrepreneurs by providing them with affordable access to the fabri-
cation tools and materials needed to engage in prototyping. On the other hand, makers with no
initial entrepreneurial intention may discover opportunities in these spaces if they realize their
creations have a market, thus promoting accidental entrepreneurs. These two types of prospec-
tive entrepreneurs differ in their commercial intent and may launch projects that vary in scale,
therefore pointing to distinct interpretations of the value of makerspaces in the pre-entry stage.

Also unclear are the specific channels through which makerspaces may affect subsequent
entrepreneurial performance. Two mechanisms can both potentially contribute to a positive
effect, if there is one, on commercialization outcomes. First, entrepreneurs may benefit from a
resource provision channel, as makerspace resources that lower initial startup costs/time also
bring down recurring costs/time of experimentation, which can support product iterations for
better addressing customer pain points to increase the likelihood of commercialization success.
The resulted concrete working prototypes may also signal preparedness and boost the effective-
ness of pitches during fundraising and securing purchase commitments. Second, entrepreneurs
may improve the quality of their idea and reduce their failure rate through a social facilitation
channel, because makerspaces create the common foci of fabrication that can strongly connect
individuals with diverse backgrounds and promote knowledge spillovers and learning from
social interactions. While pointing to the same positive effect on entrepreneurial commerciali-
zation, the two mechanisms have different implications for when the value of makerspaces can
be maximized in the post-entry stage depending on the needs of entrepreneurs.

This article addresses the above ambiguities by asking three questions through a phenome-
nological approach without imposing specific hypotheses (Pongeluppe, 2022). First, do
makerspaces encourage entrepreneurial participation, if so, who? Second, do makerspaces bene-
fit entrepreneurial commercialization, if so, how? Third, are there any boundary conditions for
when these effects would occur?

Empirically, demonstrating the causal links between makerspaces and entrepreneurship
faces two challenges. First, datasets on makerspaces are underdeveloped and incomprehensive.
Second, disentangling the treatment effects of makerspaces on entrepreneurship is difficult
because makerspaces may endogenously emerge in areas with heightened or successful entre-
preneurial activities or may be associated with other omitted variables that affect entrepreneur-
ship. As a result, empirical research is largely descriptive (Halbinger, 2018), and case studies
exploring the makerspace phenomenon more deeply have mostly relied on a few idiosyncratic
instances and qualitative insights (Gahagan & Calvert, 2020).

I address these challenges by systematically constructing a hand-collected dataset on US
makerspaces. I establish the macro-level effects of makerspaces on entrepreneurship with an
instrumental variable (IV) design, leveraging the weather on the day of the first, field-
configuring Maker Faire in each US metropolitan statistical area (MSA) as an instrument for
the number of makerspaces subsequently established in the MSA. Specifically, a rainy first
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Maker Faire can reduce public attendance (Negro & Olzak, 2019), inhibit the local maker move-
ment, and decelerate the establishment of new makerspaces in the MSA. By contrast, MSAs
with a first Maker Faire on a day that did not rain have more subsequent local makerspaces
because of greater public engagement early on. The dataset includes 173,063 Kickstarter pro-
jects launched by 141,188 individuals during 2009-2020 in 205 US MSAs. I exploit the exoge-
nous variation in MSA-level makerspace quantities induced by the instrument in 94 MSAs that
were Maker Faire sites to estimate the effect of makerspaces on entrepreneurial participation
and commercialization outcomes. I examine activities on Kickstarter, the world's largest
crowdfunding platform (Burtch et al., 2015), because they are considered important entrepre-
neurial activities (Burtch et al., 2018; Peterson & Wu, 2021). Further, most makerspace partici-
pants with business intent have indicated involvement in crowdfunding, and Kickstarter is the
most popular site used (Dougherty, 2012a).

Analyses at the MSA-year and project levels show that makerspace establishments have
strong and robust positive effects on entrepreneurial entry, as measured by the number of new
local Kickstarter projects, and on the success of entrepreneurial commercialization, as mea-
sured by the success of crowdfunding campaigns whose backers are both investors and first
users. However, these positive effects are mostly specific to hardware activities that typically
involve physical prototypes: while spillover effects leading to the launch of more nonhardware
activities cannot be fully ruled out, the commercialization benefits do not extend to software or
nontechnology activities. The findings are robust to alternative empirical designs, including
propensity score matching on observables, stacked event study using the staggered establish-
ments of the first makerspace across MSAs, and models leveraging more nuanced within-MSA
variation in makerspace access based on actual distances.

Interestingly, while one may expect accidental entrepreneurs to be driving most of the
increased entrepreneurial activities (because makerspaces are community-based entities utilized
more by the broad non-entrepreneur maker population), post hoc analyses suggest that the
effect on entry is in fact driven more by new but intentional entrepreneurs. Additionally, mech-
anism tests exploring the effect on commercialization provide evidence in support of both the
resource provision and the social facilitation channels. The two operating channels also appear
to be complementary, indicating that effects from physical amenities and effects from social
encounters do not operate in a vacuum and that technological infrastructure supporting com-
mon foci might be an antecedent and enabler for proximity to give rise to meaningful social
interactions that can produce knowledge spillovers. Finally, recognizing important heterogene-
ities in the definition of entrepreneurship, I extend the study by examining two alternative
settings—self-employment and venture capital (VC)-backed startups; I do not find makerspace
effects on the former low-tech type of entrepreneurship but indeed discover meaningful impacts
on the growth-oriented latter type that has important economic implications.

2 | RESEARCH CONTEXT: US MAKERSPACES

2.1 | The emergence of makerspaces: Maker movement, Make
magazine, and Maker Faire

In 2001, the Massachusetts Institute of Technology opened a university-run digital fabrication
laboratory called Fab Lab at its Media Lab in Boston to help faculty, staff, and students develop
related skills (Konopek et al., 2018). The Fab Lab cultivated “the pragmatic approach of Makers

85US01 7 SUOWILIOD SAIEaID 3|ed!|dde a3 Aq peusenob afe sapie YO ‘8sh JO S3|NJ Joj Afeiq 1T aUluO 481/ UO (SUOTIPUOD-PUe-SWLIBIW0D A8 1M AReld1pU I |UO//:Sd1Y) SUONIPUOD PUe SWB | Y1 38S *[7202/TT/G2] Uo ARiqiauluo 8|1 ‘9aueld sueiyoo Ag #99¢g [Ws/zo0T OT/I0p/uod A3 1m Areiqjpul|uo//sdny wo.y pepeojumod ‘0 ‘9920.60T



BAO SMS | Strategic Management Journal _WI LEY | 5

toward repair, self-taught skill acquisition, innovation, and prototyping” (Gorbatai et al., 2021,
p. 47)—values and practices that soon spread to general communities. In 2005, Dale Dougherty,
the vice president of O'Reilly Media (a publisher in the San Francisco Bay Area), coined the
term “maker” to describe individuals interested in “creating something new and learning new
skills,” founding Make magazine to publish information about maker-related projects; this
effort marked the start of the maker movement (Dougherty, 2012b). Make magazine, which hel-
ped hobbyists learn new skills to tinker and find like-minded tinkerers, has been recognized as
the catalyst for the growing community of makers.

Another pivotal event in the maker movement was the 2006 launch of the first Maker Faire
by Make magazine in the San Francisco Bay Area. The event attracted more than 20,000
attendees and was followed by hundreds of local Maker Faires (licensed by Maker Media, a
spin-off of O'Reilly Media) in different US cities in the next decade (Dougherty, 2016). Maker
Faires provide opportunities for makers to demonstrate in person the artifacts they make and
engage the public to join the maker movement (Browder et al., 2019). Maker Faires highlight
the importance of the colocation of makers for learning, socializing, and accessing resources.
They also inspire interest in self-organized gatherings in physical locations, creating
makerspaces to share fabrication tools (e.g., 3D printers and laser cutters) and knowledge about
using these tools. Consequently, local Maker Faires are considered field-configuring events for
local maker movements (Gorbatai et al., 2021) and often spur local makerspace establishments.

2.2 | Makerspaces, fabrication tools, and potential impacts on
entrepreneurial successes

Most makerspaces are primarily community- and volunteer-based nonprofits funded by sponsor-
ships, grants, and donations, although many makerspaces adopt a for-profit model by charging mem-
bership fees. Despite the various business models, the core of makerspaces is access to fabrication
tools. Real momentum for makerspaces started in 2009, when MakerBot started to sell desktop 3D
printers that cost only $2500, compared with $30,000-$40,000 for other models (Clark, 2014). Conse-
quently, 3D printers became one of the most common tools at makerspaces. In other words, the tech-
nological advancement in 3D printing was a key antecedent for makerspace emergence. Figure 1
illustrates that the development of 3D printing technology preceded the rise of makerspaces and that
the MakerBot invention sparked subsequent makerspace growth. Other common tools makerspaces
provide are laser cutters, textile/sewing machines, woodworking/metalworking tools, electronics and
robotics tools, and computer access to enable digital fabrication. Previously available only at large
organizations or at exorbitant prices, these tools are now accessible to the average maker via
makerspaces, significantly reducing the financial and time costs of making (Corsini et al., 2019).
Improved technology accessibility can potentially help entrepreneurs engage in rapid and
affordable prototyping in the early stage, ultimately allowing them to achieve product commer-
cialization. Prototyping costs reaching $100,000 before makerspaces emerged are now as low as
a few thousand dollars (National League of Cities, 2016). The time required to build a prototype
has also declined from weeks or months to days or even hours (Rayna & Striukova, 2016). Over
the last decade, high-profile anecdotal accounts have pointed to the possible effects of
makerspaces on entrepreneurial successes. The most prominent case is Square, which built a
payment platform allowing businesses to use tablet computers as payment registers. The two
founders, Jim McKelvey and Jack Dorsey, had the idea of converting a mobile phone into a
point-of-sale device for completing credit card transactions but struggled to articulate their
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FIGURE 1 Technological advancement in 3D printing as an antecedent for the emergence and growth of
makerspaces. Panel a presents Google search interests over time in the keywords, “Makerspace” and “3D
Printing,” respectively, using data from Google Trends. Panel b shows the cumulative number of US
makerspaces over time based on the hand-collected dataset used for analyses in this article.

business model and attract funding. After developing a square-shaped working prototype at a
makerspace, the team eventually advanced their idea and secured $10 million of VC funding
(Anderson, 2012)." Selected examples of entrepreneurial successes via makerspaces are pres-
ented in Table OA1 (Online Appendix), illustrating the diverse range of projects emerging from
makerspaces. The list of such instances keeps growing (Maker Nexus, 2022).

Despite these idiosyncratic success stories, whether makerspaces have broad-based impacts
on entrepreneurship remains unclear. Survey results have found that entrepreneurs represent a
meager percentage of makerspace participants: only 11% of makers consider themselves entre-
preneurs (Dougherty, 2012a), and only 5% of makers indicate having commercial intent
(Halbinger, 2018). This lack of overall uptake by entrepreneurs (relative to the entire maker
population) is unsurprising because makerspaces are not designed specifically for entrepre-
neurs. Since makerspaces emerge from community efforts resulting from local maker move-
ments, these spaces are most often used by hobbyists and students focusing on tinkering and
learning fabrication skills. The strong community engagement for involved individuals may not
be the best condition for commercialization activities (Mollick, 2016).

In this article, I investigate whether makerspaces have large-scale effects on entrepreneur-
ship. In what follows, I first discuss how, in the pre-entry stage, makerspaces may encourage
two types of prospective entrepreneurs who differ in their commercial intent. I then consider
two possible mechanisms for how makerspaces can benefit the post-entry performance in entre-
preneurial commercialization. These discussions provide insights into additional tests that
would help pinpoint who and investigate how. Finally, I present a key boundary condition for
these effects to shed light on when.?

"Two other entrepreneurial successes are noteworthy. First, URB-E, a firm designing foldable personal electric
transportation, developed its prototype at a makerspace (CNC West, 2019) and received $5 million in series A funding
in 2021. Second, Pebble Watch took its makerspace-developed prototype to the crowdfunding platform Kickstarter and
raised $10.3 million in 2012, the most funded project on the platform then (Metzarchive, 2016).

2All my arguments focus on the early stages of ventures, when entrepreneurs use makerspaces for prototyping.
Although makerspaces can support entrepreneurs in later-stage product manufacturing and distribution, these uses are
less common and are beyond the scope of the paper.
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3 | THEORETICAL BACKGROUND

3.1 | Pre-entry effects of makerspaces on entrepreneurial
participation

3.1.1 | Makerspaces lower technological entry barrier for intentional
entrepreneurs

A substantial barrier to entrepreneurship entry is insufficient financial resources for startup
costs in pursuing new business ideas. Given that entrepreneurial businesses have become
increasingly technology-based over the last decade, one major cost obstacle for founders inter-
ested in pursuing a venture idea is the physical capital investment required to build the techno-
logical capacity for implementing the idea (Moeen, 2017). Access to technological infrastructure
has historically been limited for individual entrepreneurs because procuring tools and materials
needed for prototyping can often be expensive (Van Holm, 2015).

Makerspaces can significantly lower the technological entry barrier for intentional entrepre-
neurs by providing them with affordable access to the fabrication tools and materials needed to
engage in the initial prototyping of their venture ideas. Specifically, the availability of tools such
as 3D printers and laser cutters at many makerspaces radically reduces product design and
manufacturing costs and time (Corsini et al., 2019). Instead of making a hefty payment to engi-
neering and design firms for developing product prototypes or purchasing costly tools, an entre-
preneur can use makerspace-provided tools for rapid prototyping at a much lower price,
reducing the costs of prototyping a new product 25- to 50-fold (National League of Cities, 2016).
The time of building a prototype is also reduced from weeks and months to just days or hours
(Rayna & Striukova, 2016). Therefore, through the provision of technological resources,
makerspaces can considerably lower the startup financial and time costs for prospective entre-
preneurs, thus leading to increased entrepreneurial participation. Because entrepreneurs who
intentionally seek to overcome technological resource hurdles via makerspaces typically would
have preconceived business ideas that are opportunity-driven, the encouraged entrepreneurial
activities should largely be commercially oriented and aiming for growth.

3.1.2 | Makerspaces spark opportunity discovery for accidental
entrepreneurs

While intentional entrepreneurs may reap significant pre-entry benefits, previous discussions
indicate that they may only make up a small percentage of makerspace participants. Theoretical
work on makerspaces has thus suggested another possible type of prospective entrepreneurs
that can emerge from these spaces—accidental entrepreneurs (Browder et al., 2019; Van
Holm, 2015). The idea of accidental entrepreneurs is not new. Shah and Tripsas (2007) intro-
duced the phenomenon of “user entrepreneurship” and described a distinct accidental path to
entrepreneurship during which individuals first experienced a need in their day-to-day lives,
looked to create a solution to that need, then shared their solution with others, and eventually
commercialized the solution. Makerspace establishments can be particularly impactful for spar-
king such accidental opportunity discoveries by providing people with easier access to techno-
logical infrastructure. Makers, who are often hobbyists who tinker for fun, students who create
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and learn, or product users who make modifications to address their tailored needs, may realize
that others are also interested in purchasing their creations and that their products actually
have a market. Hence, makerspace establishments may broaden entrepreneurial participation
by inspiring new entrepreneurs who initially had no entrepreneurial intent.

The increased entrepreneurial activities through the accidental pathway, however, can differ
from those intentional ones in important aspects. First, community-based environments often
foster values that discourage commercialization (Mollick, 2016). The transition from a maker
identity of creating value to an entrepreneur identity of capturing value may not be easy
(Shah & Tripsas, 2007), suggesting that accidental entrepreneurs who gradually realize the com-
mercial values of their creations may be initially reluctant to gain from these creations at a large
scale. Second, because accidental entrepreneurs tend to have less systematic prelaunch business
evaluation processes and spend less time on developing key strategies (Greul et al., 2018), they
often do not embark on entrepreneurial activities with explicit growth considerations, thus fur-
ther limiting the scale of these activities at first.

Together, makerspaces can encourage two types of prospective entrepreneurs in the pre-
entry stage, both contributing to a positive effect on entrepreneurial participation. However,
due to their varying initial commercial intents, the implications for the encouraged entrepre-
neurial activities are different, offering a potential angle for investigating who are primarily
driving the effects of makerspaces on entry, if there are any. The discussion thus far suggests
that the heightened entrepreneurial activities due to makerspaces would likely be larger
(smaller) in scale if intentional (accidental) entrepreneurs are the driving force.

3.2 | Post-entry effects of makerspaces on entrepreneurial
commercialization

The previous arguments on entry have yet to unpack how makerspaces may affect subsequent
entrepreneurial performance. Here, I consider two possible mechanisms that can both contrib-
ute to a positive effect on entrepreneurial outcomes. It is important to note that the proposed
mechanisms are not mutually exclusive—they may act in combination or be complementary to
one another. I focus on entrepreneurial commercialization success as an important measure of
performance for early-stage ventures, which is typically characterized by a product's first sales
(Moeen & Agarwal, 2017) or the receipt of external investor funding (Lin & Maruping, 2022).

3.2.1 | Resource provision channel: Makerspaces support continued
experimentation

A critical element for successful entrepreneurial commercialization is continued experimenta-
tion and iteration for achieving product-market fit (Contigiani & Levinthal, 2019). This involves
a process of creating workable prototypes, testing with target users, incorporating user feed-
back, and iteratively developing products or sometimes pivoting to a different idea—an
experimenting process that is often nonlinear and can reoccur multiple times before the entre-
preneur finds the solution to the problem. Central to widely adopted entrepreneurial practices,
such as Agile Development (Highsmith & Cockburn, 2001), Design Thinking (Dam &
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Siang, 2018), and Lean Startup (Ries, 2011), this process has been viewed as the canonical
model for entrepreneurial successes. However, experimentation can be costly and time-
consuming (Kerr et al., 2014). As most nascent ventures face severe resource constraints (Yang
et al., 2020), entrepreneurs may be cautious about spending time/money on new experiments,
preventing them from generating sufficient product iterations to create the best product.

As noted, makerspaces can provide prospective entrepreneurs with the technological
resources that lower the initial one-time startup costs and time; these spaces may similarly offer
the technological resources for reducing the recurring experimentation costs and time that can
add up very quickly. Fabrication tools in makerspaces, such as 3D printers, allow entrepreneurs
to quickly produce inexpensive one-offs for gathering user feedback (Corsini et al., 2019). There-
fore, entrepreneurs may be more likely to adopt iterative designs and experience faster cycles of
trial-and-error learning because of easier access to toolkits for inexpensive rapid prototyping
(Von Hippel & Katz, 2002). Through encouraging product iterations, makerspaces can help
entrepreneurs improve the quality of their venture idea and better address customer pain
points, which may in turn give rise to more successful commercialization outcomes. In addition
to reducing technological uncertainty, as entrepreneurs experiment with makerspace tools, they
can also easily create concrete working prototypes as a proof of concept to gain legitimacy. The
resulted high-resolution prototypes may boost the effectiveness of pitches to investors and first
users by signaling preparedness, which can further improve the likelihood of funding successes
and purchase commitments in the stage of commercialization (Chen et al., 2009).

This resource provision channel generates several predictions. First, the makerspace effect
on commercialization should be larger when resource considerations are more paramount, such
as (1) when the entrepreneurial project is large in scale and has greater resource needs or
(2) when the entrepreneur is away from supportive entrepreneurial ecosystems and faces
greater resource constraints. Second, an intermediate outcome of the proposed experimentation
process is that makerspace establishments should increase the number of iterations for a given
venture project.

3.2.2 | Social facilitation channel: Makerspaces promote knowledge
spillovers

The literature on venture development programs, such as those in incubators and accelerators,
has recognized the importance of learning in contributing to the performance of early-stage
ventures (Assenova, 2020; Hallen et al., 2020). These programs, mostly targeting inexperienced
entrepreneurs, often involve structured training modules, assigned mentorship, and orches-
trated social events that aim to improve the quality of participating startups. Recent research
suggests that learning may also occur in less formal and structured settings due to the close spa-
tial proximity of nascent ventures (Roche et al., 2024). As the majority of US makerspaces pro-
vide coworking spaces for participants in addition to the tools (roughly 62%, based on data used
for analyses in this article), the colocation of makers in these spaces can potentially facilitate
serendipitous social encounters that would lead to knowledge spillovers, that is, learning
informally.

Two factors in the makerspace context are particularly favorable to knowledge spillovers.
First, individuals in these spaces share the common foci of fabrication. The overlapping
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knowledge domains around the technological infrastructure generate the knowledge proximity
that is crucial for learning and collaboration (Lane et al., 2021). This “connectedness” can be an
important enabler for “proximity” to work in favor of learning (Dutta et al., 2021), highlighting
how makerspaces are markedly different from traditional coworking spaces. Second, entrepre-
neurs in makerspaces often differ in the end goals for their tool use and may want to prototype
very different products even when the same tools are used. For instance, 3D printing is versatile
in creating products with a wide spectrum of market applications (Shane, 2000). This diversity,
coupled with knowledge overlap, may be optimal for creating knowledge spillovers (Roche
et al., 2024; Ter Wal et al., 2016).

As a result, entrepreneurs can improve the quality of their entrepreneurial ideas during
prototyping. Information acquisition from people with diverse backgrounds but similar
prototyping needs can help entrepreneurs overcome technical hurdles more easily, avoid false
paths and unproductive approaches, and engage in more effective exploration and creation
(Sheridan et al., 2014). Through promoting knowledge spillovers, makerspaces can reduce the
failure rate of venture ideas and increase the average likelihood of successful entrepreneurial
commercialization.

This social facilitation channel has several implications. First, the effect of makerspaces on
commercialization should be more prominent under conditions that are more conducive to
knowledge spillovers, such as (1) when the entrepreneur spans multiple knowledge domains
that can broaden the scope of learning or (2) when the local environment breeds homophily for
stronger social ties (Ingram & Morris, 2007), for example, when there is more homogeneity in
race or ethnicity (McPherson et al., 2001). Second, an intermediate consequence from the learn-
ing logic is that makerspace establishments should lead to more knowledge similarity among
entrepreneurial activities sharing similar needs for prototyping tools.

In sum, the two proposed mechanisms both point to a positive effect of makerspaces on
entrepreneurial commercialization, albeit with distinct insights into key moderating conditions
and intermediate outcomes for ruling in/out how entrepreneurs can benefit, if they benefit
at all.

3.3 | Boundary condition

Finally, all my arguments for the effects of makerspaces on entrepreneurial entry and commer-
cialization hinge on entrepreneurs’ prototyping needs for using fabrication tools in
makerspaces. Therefore, I conjecture that an important boundary condition for when these
effects occur is whether the venture idea involves physical products. In my analyses, I investi-
gate this possible boundary condition by comparing how makerspace establishments differen-
tially affect hardware versus nonhardware entrepreneurial activities.

4 | METHODOLOGY
41 | Data

I constructed a unique, hand-collected dataset on US makerspaces by first systematically
searching several historical makerspace directories and news articles to generate a
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comprehensive list of US makerspaces established as of November 2021.% I then examined each
potential makerspace, searching for detailed information, such as location, founding year, tools
available, membership structure, and status (i.e., whether it remained open). Following
Mersand (2021), I adopted a broad definition of makerspaces as places providing tools and
materials to encourage individuals/groups to make things; such spaces needed to (1) occur in a
physical place, (2) provide fabrication tools, (3) target the public, and (4) self-identify as a
makerspace.”

My initial dataset included 462 US makerspaces founded in 2004-2021 in 47 states (and the
District of Columbia). I determined the founding year by examining the makerspace's website
and social media pages, as well as the Wayback Machine.” To balance between exploring fine-
grained geographical variation for identification and capturing broader diffused impacts of
makerspaces in regions with shared economic ties, I used MSAs as the geographical unit. My
analytical data leveraged 404 makerspace establishments in 195 MSAs in the United States.
Figure 2 illustrates the geographical distribution of the cumulative number of makerspaces
established across MSAs. I used this dataset to construct the main independent variable measur-
ing the quantity of total makerspace establishments at the MSA-year level, as well as measures
of more nuanced variation in makerspace access for robustness tests.

I used an IV design to identify the causal effects of makerspace establishments on entrepre-
neurship, leveraging the weather on the day of the first, field-configuring Maker Faire in an
MSA as an instrument for the number of makerspaces subsequently established in the MSA. I
collected data on the timing and location of the first Maker Faire in each MSA based on issues
of Make magazine up to November 2021.° Between 2006 and 2019, 94 MSAs experienced their
first local Maker Faire. I obtained precipitation data on the Maker Faire event days from the
National Centers for Environmental Information.’

To measure entrepreneurial participation and commercialization, I used data from
Kickstarter. Entrepreneurs launch their project campaigns on the platform with a specific
funding goal; backers, who are often first users and investors, fund these projects by pre-
purchasing products that entrepreneurs promise to deliver.® The Kickstarter platform offers

*I used the following historical makerspace directories and news article outlets as sources for constructing the initial list of
makerspaces: (1) MakerSpaces (https://makerspaces.make.co/), (2) Makerspace Directory (https://makerspacedir.com/),

(3) Maker Camp (https://makercamp.com/explore), (4) hackerspaces (https://wiki.hackerspaces.org/List_of Hacker_Spaces),
(5) Google Maps (performing searches of “makerspace” keywords for each US state), and (6) Google News (performing
searches of “makerspace” keywords plus keywords for each state to identify more recently founded makerspaces).

“I excluded makerspaces affiliated with universities, colleges, and libraries from the data collection; these makerspaces
typically serve specific populations for educational purposes and may be less relevant for studying the effects on
entrepreneurship. Although my dataset may exclude makerspaces that are not publicly searchable, these makerspaces
might be less visible to entrepreneurs and have negligible effects on entrepreneurs’ behavior. Thus, my dataset may
closely approximate the universe of makerspaces that ordinary US entrepreneurs can find and access.

5The Wayback Machine is a digital archive of internet web pages since 1996. When a makerspace's website and social
media did not contain founding date information, I considered the founding year to be the first historical appearance of
the makerspace's website on the Wayback Machine.

SMaker Faires were identified in the Calendar of Events section. For MSAs without a Maker Faire featured in the
magazine, I conducted an additional internet search to uncover historical information on licensed Maker Faires.

"The National Centers for Environmental Information is a US government agency that manages one of the world's
largest archives of environmental data. When historical data were unavailable for the ZIP code of the Maker Faire
location, I used data for the closest ZIP code.

80ther research has used the number of Kickstarter projects as a measure of entrepreneurial participation (Agrawal

et al., 2018; Burtch et al., 2018) and has exploited the platform for studying entrepreneurial behavior and processes in
the commercialization stage (Peterson & Wu, 2021).
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FIGURE 2 Geographical distribution of the cumulative number of US makerspaces established across MSAs
as of November 2021 (white regions are non-MSA areas).

several desirable features for my inquiry. First, makers have acknowledged the importance of
crowdfunding platforms for obtaining funds for their projects, and Kickstarter is the most popu-
lar of these sites (Dougherty, 2012a). Therefore, Kickstarter activities are more likely to capture
maker entrepreneurs’ early-stage commercialization endeavors than alternative measures of
entrepreneurship (e.g., self-employment and business registrations). Second, the platform cap-
tures a wide array of project categories, including different types of hardware, software, and
nontechnology projects, allowing comparisons for investigating the boundary conditions for
makerspace effects. Third, Kickstarter projects typically contain detailed text information and
are updated regularly on the platform when pivots and modifications occur. This rich informa-
tion offers a potential lens for examining intermediate outcomes during the entrepreneurial
processes to reveal underlying mechanisms.

I collected project-level Kickstarter data from Web Robots. My data include all
Kickstarter projects launched from its founding in 2009-2020. I restricted the sample to
173,063 projects in 146 categories launched by 141,188 entrepreneurs in 205 MSAs. I used
the full dataset in robustness checks with alternative empirical designs. In the main ana-
lyses, I leveraged an IV approach and thus restricted the sample to observations for which
the instrument could be created: projects occurring after the first Maker Faires in MSAs.
The main analytical sample included 134,055 projects created by 109,075 entrepreneurs in
94 MSAs. Additionally, the project-level data were aggregated to 649 MSA-year observations
for MSA-year analyses.

85U8017 SUOWILLIOD) BAIEa1D) 3|l |dde 8Ly Aq pausenob aie s VO ‘8sn J0 S3|nJ J0j ARIqIT3UIIUO AB]1/M UO (SUOIPUOD-PUe-SWLBHALIOD™A8 1M ARe g1 U1 |UO//SdNY) SUORIPUOD pUe SWIS L 83 88S *[rz02/TT/Ge] uo Ariqiauliuo A8|IMm ‘8oueld aLeiyooD Aq 499€ [Ws/Z00T 0T/I0p/woo A8 | im" AReiq Ul juo//SAnY Wolj papeojumoq ‘0 ‘9920.60T



BAO

SMS | Strategic Management Journal _WI LEY | 13

4.2 | Variables

I used the number of entrepreneurial activities on Kickstarter at the MSA-year level to measure
macro-level entrepreneurial participation. To explore the boundary conditions for the effects of
makerspaces, I distinguished between projects that were more versus less likely to involve phys-
ical products and thus differed in entrepreneurs’ needs for accessing fabrication tools for
prototyping. Because 3D printers are the most common makerspace tools, hardware projects
involving complex designs and production are more likely to benefit from these tools than non-
technology craft work. Therefore, leveraging 146 detailed project categories specified by
Kickstarter, I categorized projects into three broad types: hardware, software, and non-
technology. Number of Hardware Projects, Number of Software Projects, and Number of
Nontechnology Projects respectively represent the number of new Kickstarter hardware, soft-
ware, and nontechnology projects launched on the platform in an MSA in a year.

To capture commercialization success at the project level, I created a binary indicator, Suc-
cess, which equals 1 if the crowdfunding campaign of a Kickstarter project is successful
(i.e., meets or exceeds the fundraising goal) and 0 otherwise. I also considered two alternative
dependent variables to ensure the robustness of the findings. The logged amount (in dollars)
raised for a project, Pledged Amount (logged), is a continuous measure of commercialization
success.” Additionally, Number of Backers (logged) measures interests from investors/first users
who pre-purchased products. In the project-level boundary condition analyses, Hardware Pro-
ject is a binary indicator that equals 1 for hardware projects and 0 otherwise; Technology Project
is a binary indicator that equals 1 for technology projects (software and hardware) and
0 otherwise.

The independent variable is the Cumulative Number of Makerspaces Established to Date in
an MSA by the time of observation, which represents the time-varying overall makerspace
access.

Rainy Maker Faire is the IV. It is a binary indicator equal to 1 if it rained on the day of the
first Maker Faire in the focal MSA and 0 otherwise.

To test the mechanisms outlined in the commercialization stage, for each channel, I con-
structed a project-specific moderator, a region-specific moderator, and an intermediate outcome
based on the corresponding theoretical arguments.'® First, the resource provision channel
implies that entrepreneurs with larger projects should benefit more from makerspaces because
they have greater resource needs. Because high funding goals generally negatively predict
funding successes (Calic & Mosakowski, 2016), entrepreneurs should not overshoot unless they
in fact have such a resource need. Therefore, I used a project's fundraising goal to proxy for the
entrepreneur’s resource need. I created a binary indicator, Above Median Goal (logged), equal to
1 for projects with a goal (in dollars, logged) above the median level, and 0 otherwise. Another
prediction under this channel is that entrepreneurs in regions more constrained in entrepre-
neurial resources will benefit more. I used an Entrepreneurial Ecosystem Index from Andrews
et al. (2022) to proxy for access to entrepreneurial resources; the measure captures new for-
profit firm formation, and a high value indicates better local entrepreneurial ecosystem

°I used logged value for this variable and others in the analyses to mitigate outlier effects.

1For full disclosure, Web Robots does not provide detailed project data for creating the intermediate outcomes. Because
of data unavailability and technical challenges in scraping Kickstarter data at a large scale, I scraped information
directly from the Kickstarter project webpages to create these measures for hardware projects only, as my empirical
results show that the effects on commercialization are specific to hardware projects only.
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performance and thus resource support.'’ Finally, as the channel suggests that entrepreneurs
use makerspace tools for rapid prototyping and thus will experience more iterations for their
projects, I used information on an entrepreneur's Number of Updates (logged) over time for a
specific project to proxy for the number of iterations as an intermediate outcome; these updates
typically involve product pivots and modifications.

Second, the social facilitation channel indicates that entrepreneurs spanning multiple
Kickstarter project categories should reap greater benefits from makerspaces because the multi-
ple knowledge domains can broaden the scope of learning and support more knowledge spill-
overs. I created a binary indicator, Category Spanning, equal to 1 if the focal entrepreneur of a
project launched projects in more than one category, and 0 otherwise. Additionally, the channel
predicts that regions that are more prone to breed homophily for social interaction may see
greater commercialization benefits. I constructed a Racial Homogeneity measure at the MSA-
year level following the Herfindahl index method in Greve and Yue (2017); a high value of the
measure represents high racial homogeneity that encourages homophily. I used Above Median
Racial Homogeneity as a moderator to distinguish between cases above versus below the
median value of Racial Homogeneity. Finally, the channel suggests that knowledge spillovers
occur and would result in learning and knowledge (text) similarity between otherwise unrelated
projects (Feng, 2020). Following Carlson (2023), I leveraged detailed text descriptions of the pro-
jects to construct a measure of Text Similarity as an intermediate outcome to represent how sim-
ilar a project is to prior projects in the same category that shares similar needs for prototyping
tools."?

MSA-year-level analyses included a number of MSA-year controls to account for time-
varying regional differences in population density, demographics, innovation intensity, eco-
nomic condition, and alternative infrastructure: (1) Population (logged); (2) Average Age; (3) %
Female; (4) Number of Inventors (logged); (5) GDP (logged); and (6) Cumulative Number of
Coworking Spaces to Date (logged)." I also included (7) % College Educated, the state-year-level
percentage of individuals in the labor force with a college degree or more, based on CPS data to
control for regional human capital. To address the concern that MSAs likely to experience more
rainfall might share unobserved characteristics that affect both makerspace establishments and
entrepreneurship, I controlled for (8) Historical Probability of Rain for each MSA, calculated as
the number of rainy days divided by the total number of days around the same date of the
MSA's first Maker Faire (+1 week) in the prior 10 years. These eight control variables are
henceforth referred to as “region-specific controls” for MSA-year-level analyses.

HSpecifically, I used the Startup Formation Rate (SFR) from Andrews et al. (2022).

>The text similarity measure was calculated using an unsupervised word embedding approach: the sentence-BERT
technique (Reimers & Gurevych, 2019), which determines meanings of sentences and documents based on pretrained
natural language processing models. Standard preprocessing steps were taken: lowercase conversion and lemmatization
were performed; and punctuation, special characters, stop words, location words, and words used in more than 25% of
text descriptions of projects were removed. After preprocessing, the pairwise cosine distance between each project and
each of its prior Kickstarter projects in the same Kickstarter category was calculated. The average of all pairwise cosine
distances was calculated to produce a dissimilarity score. Text Similarity equals 1 minus the dissimilarity score.
Bpopulation (logged) was constructed using county-level data from the National Cancer Institute. Data for Average Age
and % Female were obtained from the CPS and constructed using weighted averages of county-level data based on the
county-level population. Number of Inventors (logged), the logged number of individuals filing patents, was obtained
from the United States Patent and Trademark Office records on granted patents. GDP (logged) was constructed using a
weighted average of county-level data from the US Bureau of Economic Analysis based on the size of the county
population. Cumulative Number of Coworking Spaces to Date (logged) was created with data from Coworker.com.
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Project-level analyses examining the likelihood of successful entrepreneurial commercializa-
tion after entry included one additional time-varying region-specific control, Project Competition
(MSA-Month), which is the number of projects in the MSA in the month, to account for local
competition from other concurrent Kickstarter activities vying for funding. Several project-
specific controls were included for project-level models. Goal Amount (logged), the entrepre-
neur's proposed fundraising goal (in dollars) for a Kickstarter project, controlled for the
expected size of the project. Project Sequence, the sequence number of an entrepreneur's
Kickstarter project, controlled for an individual's entrepreneurial experience (i.e., the number
of projects the entrepreneur has launched). Number of Successes to Date controlled for an entre-
preneur’s past ability to commercialize venture ideas successfully. To account for intercategory
differences in the likelihood of fundraising success, I added category fixed effects.

Summary statistics are presented in panels a and b of Table OA2 at the MSA-year level and
project level, respectively. Pairwise correlations are reported in Table OA3. Since the mecha-
nism tests leverage different subsamples due to data availability of the moderators and examine
intermediate outcomes that are only created for hardware projects, I report the summary statis-
tics for these additional variables separately in Table OA4.

4.3 | Empirical strategy

Disentangling the treatment effect of makerspace establishment on entrepreneurship is chal-
lenging due to potential reverse causality or omitted variables. To mitigate these biases, I tested
my hypotheses with an IV design, leveraging whether it rained on the day of the first Maker
Faire in an MSA as an instrument for the number of makerspaces subsequently established in
the MSA. Focusing on MSAs where Maker Faires occurred, I exploited exogenous variation
in the MSA-level number of makerspaces induced by the instrument to estimate the effect of
makerspaces on entrepreneurial participation and commercialization.

Research has shown rainfall to be a relevant instrument for examining the success and
impact of social movements (Madestam et al., 2013; Negro & Olzak, 2019). Rain on the day of
the first Maker Faire in an MSA, which marks the start of the local maker movement, might
reduce public attendance, slow the local maker movement, and decelerate new makerspace
establishments in the MSA. By contrast, MSAs without rain on the day of a first Maker Faire
could subsequently see more local makerspaces because of greater public engagement early
on. The relevance of rainfall for Maker Faire engagement is supported by anecdotal comments
from attendees who complained about rain-related scheduling and booth issues and early
departures of exhibitors, given that most Maker Faires are outdoor (Kelly, 2016). Figure 3 illus-
trates the geographical variation in the first Maker Faire rainfall across MSAs. See the Results
section for a formal examination of the relevance condition (first stage).

A valid instrument must also be exogenous. The key identifying assumption of the IV
approach in this study is that whether the first MSA Maker Faire was held on a rainy day does
not directly affect subsequent local entrepreneurship. Although I cannot test this assumption,
random weather conditions on specific days are generally assumed to be uncorrelated with, and
not likely affected by, local unobserved heterogeneity in social and economic forces (Madestam
et al., 2013; Negro & Olzak, 2019). Using short-term weather while controlling for long-term
weather helps alleviate concerns about the exclusion restriction condition of the instrument
(Mellon, 2022). I therefore controlled for the historical probability of rain in all analyses and
verified that results were robust to different parameter selections. Table OA5 compares the
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FIGURE 3 Weather of the first Maker Faire in each MSA (white regions are non-MSA areas).

region-specific controls for MSAs with a first Maker Faire on a rainy versus not rainy day. These
MSAs do not differ substantively: a higher historical likelihood of rain does not predict a higher
event-day likelihood of rain, confirming that the weather on the day of the first Maker Faire is
highly random. The only statistically significant difference is the average age of the population;
although the difference is small in magnitude, I included this control in all analyses.

The primary model specifications for estimating the effect of makerspace establishments are
two-stage least squares (2SLS) models. Analyses examining the effects of makerspaces on entre-
preneurial participation were conducted at the MSA-year level. I also report the results from
ordinary least squares (OLS) regression for comparison. Additionally, to address potential con-
cerns about weak instruments, I present results from the Fuller-k estimator (b = 1), which is
more robust to weak instruments than 2SLS models because of its substantially smaller bias
and mean squared error (Stock et al., 2002). To address within-MSA serial correlations, I pre-
sent results with robust standard errors clustered at the MSA level. I added region-specific con-
trols and year fixed effects in sequential specifications. Analyses examining the effects of
makerspaces on entrepreneurial commercialization were conducted at the project level. Region-
specific controls, project-specific controls, year fixed effects, project category fixed effects, and
state fixed effects were added in sequential specifications.'* I also considered different choices

141 could not add MSA fixed effects because variation in the instrument comes from inter-MSA variation. Adding state
fixed effects in project-level analyses at least controlled for unobservable, time-invariant, state-level differences that may
have affected local Kickstarter fundraising successes. I did not add state fixed effects in MSA-year level analyses because
of the lack of statistical power when the number of observations is small.
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for standard error clustering; findings were robust when standard errors were not clustered,
were clustered by MSA, or were two-way clustered by MSA and project category.

5 | RESULTS

Table OAG6 presents the first-stage results for the IV analyses, demonstrating the relevance con-
dition of the instrument. Across all models, Rainy Maker Faire is negatively correlated with sub-
sequent makerspace establishments.

5.1 | Entrepreneurial participation
51.1 | Main results

Table 1 reports the results for entrepreneurial participation. Models 1-2 suggest a positive rela-
tionship between makerspace establishments and hardware entrepreneurial activities from OLS
regressions. Model 3 further demonstrates the positive causal link using 2SLS regression
(p = .001). The first-stage F-statistic from a weak instrument test is 10.28, which is greater than
the recommended value of 10 for instrument relevance (Stock et al., 2002). This positive effect
holds when robust standard errors are clustered by MSA (Model 4, p = .062)."> To address
potential concerns about the finite sample bias of the IV estimator, Model 5 reports a consistent
result from the Fuller-k estimator (b = 1) that is more robust to weak instruments (p = .044).
However, Models 6-9 show that nonhardware projects do not experience a statistically sig-
nificant makerspace effect (in 2SLS models, p = .150 for software projects, and p = .409 for non-
technology projects). While one may argue that a larger sample size could potentially also lead
to a statistically significant positive effect on the number of software projects launched, I note
that the makerspace effect is nevertheless still more pronounced for hardware projects—a post
hoc comparison suggests that the 2SLS estimate from Model 4 is larger than that from Model
6 (p = .077 for the comparison).'® Two explanations may behind a “potential” positive effect on
nonhardware projects also. First, some nonhardware projects can also involve physical ele-
ments and thus be impacted. If this is the case, we should later observe a similar potential effect
on commercialization. Second, it is possible that a surge in hardware entrepreneurial activities
may have spillover effects on encouraging other nonhardware activities if a lot of hype is gener-
ated in local communities for opportunity discovery. In this case, any effects of on subsequent

>The magnitude of the estimate gradually reduces when the project count is winsorized at different levels to mitigate
the impact of extreme values, but across different specifications, the evidence for a positive makerspace effect on
entrepreneurial entry is robust (Table OA7). For instance, at the 5% level of winsorization, one additional makerspace
established in the MSA increases the MSA's number of hardware Kickstarter projects by 2.35 projects in a year, which is
a 35% increase from the winsorized mean value of hardware activity level. Winsorizing the dependent variable at the 5%
level means that I recoded the lowest 5% of values to the value of the 5th percentile and recoded the highest 5% of
values to the value of the 95th percentile of the empirical distribution. Table OA7 presents the estimates for Model 4 in
Table 1 when the dependent variable is winsorized at different levels. The table also presents the estimates using
winsorized dependent variables for alternative research designs that will be discussed later in the paper. All results
remain robust in the case of winsorization. I chose to report the estimates from the nonwinsorized models in the main
text to avoid underestimating the effects of makerspace—the extreme values can be still highly relevant if makerspaces
disproportionately impact the most affected regions (Meager, 2022).

19T recast the IV estimations with generalized method of moments (GMM) estimations for the comparison.
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commercialization should be rather limited to hardware activities because only these projects
benefit from actually using the tools. As I will show later, the commercialization benefits from
makerspaces are specific to hardware projects only, implying that the second explanation of
spillover effects is more likely. At this stage, I conclude that there is insufficient evidence for
the effects of makerspaces on nonhardware activities, whereas the evidence for a positive and
larger effect on hardware activities is definitive.'”

Overall, the 2SLS results indicate a positive effect of makerspace establishments on entre-
preneurial participation that is only conclusive for hardware activities. Considering that the
2SLS estimates provide the local average treatment effect (LATE) that may be capturing
the most responsive entrepreneurs, I do not focus on interpreting the exact effect size but aim to
reproduce the effect itself across alternative empirical designs in later robustness analyses.

5.1.2 | Post hoc analyses: Who are encouraged to participate?

One remaining question is who are primarily driving the observed increase in hardware activi-
ties. This question is twofold. First, are the increased Kickstarter projects in fact launched by
new entrepreneurs? For instance, established entrepreneurs/organizations may also leverage
makerspaces to launch projects that can appear on the crowdfunding website. Second, even if
these Kickstarter activities are indeed representing new entrepreneurial attempts, are inten-
tional or accidental entrepreneurs driving the effect? These two types of prospective entrepre-
neurs differ in their commercial intent; accidental entrepreneurs are less likely to already have
a startup and typically would start with less serious projects at a smaller scale.

First, to verify whether the encouraged hardware activities are from new entrepreneurs, I
examine how makerspace establishments respectively affect Number of First Hardware Projects,
that is, first attempts by new entrepreneurs, and Number of Subsequent Hardware Projects, that
is, subsequent attempts by the established (Table OA9). The estimates suggest that makerspaces
lead to increases in both types of projects, but the effect for first projects is much larger than
that for subsequent projects (p = .008 comparing Models 1 and 3). Therefore, new entrepreneurs
are primarily contributing to the observed makerspace effect on Kickstarter activities.

Second, to pinpoint whether intentional or accidental entrepreneurs are encouraged, I focus
on first projects (because they mainly differ in initial commercial intent) and examine how
makerspace establishments respectively affect Number of First Hardware Projects with Goal >
$10,000, that is, large projects, and Number of First Hardware Projects with Goal < $10,000, that
is, small projects.'® Table OA10 suggests that makerspaces lead to increases in both types, but
the effect for large projects is greater than that for small projects (p = .040 comparing Models
1 and 3). I also leveraged the detailed text description on each project's webpage to directly cate-
gorize intentional versus accidental entrepreneurs, defining a project to be launched by an acci-
dental entrepreneur if the founder(s) had personal exposure to a problem in day-to-day life that
inspired the focal product/service (Shah & Tripsas, 2007). Results confirm that makerspaces
encourage first hardware projects by both types of entrepreneurs but the effect on accidental

In Appendix A of the Online Appendix, I discuss two possible reasons for the differential magnitudes of the OLS and
2SLS estimates for the affected hardware projects, including potential downward bias of the OLS estimates due to
omitted variables and the LATE nature of the 2SLS estimates.

18$10,000 is a key threshold for project size according to Kickstarter, as most successful projects raise less than this
amount: https://www.kickstarter.com/help/stats.
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entrepreneurs is smaller (p = .014 comparing Models 5 and 7). Therefore, among new entrepre-
neurs, intentional entrepreneurs are likely driving more of the makerspace effect on entry.

Unpacking who are encouraged to participate sheds light on the value of makerspaces in
the pre-entry stage. If accidental entrepreneurs are the driving force, then makerspaces may be
powerful in settings such as community centers for cultivating entrepreneurial mindsets and
broadening entrepreneurial participation. If intentional entrepreneurs are mostly encouraged,
then makerspaces can be particularly useful when integrated into programs that intentionally
target new aspiring entrepreneurs who strive to overcome technological entry barriers. The post
hoc analyses support both views but point to a more substantial role of the latter.

5.2 | Entrepreneurial commercialization
52.1 | Main results

Table 2 estimates makerspace effects on entrepreneurial commercialization. Model 3 indicates
that makerspace establishments improve commercialization success for the average hardware
project (p = .010). The first-stage F-statistic from the weak instrument tests is 37.52, well above
the recommended value of 10 for instrument relevance. Consistent patterns emerge from the
OLS estimate (Model 1), the 2SLS model without controls (Model 2), and different choices of
standard error clustering (Models 4-5). The observed positive effect, however, do not apply to
nonhardware projects. Models 6-7 show that makerspace establishments do not statistically sig-
nificantly affect the software or nontechnology subsamples (p =.770 and p =.795, respec-
tively). Moderation analyses further confirm that the observed benefit on commercialization is
specific to hardware projects when compared with all nonhardware projects (Model 8) or with
software projects (Model 9): no main effects are observed (p =.798 and p = .349, respectively)
while interaction terms are positive (p = .087 and p = .027, respectively)."’

All of the above patterns are consistent when alternative continuous measures of commer-
cialization success, including the pledged amount and the number of backers, are used
(Tables OA11 and OA12).*° In a robustness test, I also included state-category fixed effects
instead of state and category fixed effects to control for the possibility that certain project cate-
gories are more successful in some regions for other reasons. All results remain robust
(Table OA14).

Together, the results indicate that makerspace establishments positively affect entrepreneur-
ial commercialization with an important boundary condition: whether the venture idea
involves physical products. The effects are specific to hardware projects requiring fabrication
tools during prototyping. By providing validity for the relevance of the need for fabrication tools
in driving the observed effects, the findings also mitigate concerns about potentially

The 2SLS estimates of the effects on hardware activities continue to be larger than the OLS estimates across the
previous project-level analyses. The two potential contributors to the differential magnitudes discussed earlier in the
pre-entry stage continue to apply here (see Appendix A).

20The two continuous measures of commercialization success capture both potentially large increases in their values
from failed projects to successful projects and potentially more moderate increases in their values from less successful
projects to more successful projects. In a robustness check, I included the binary indicator Success as a control variable
when using Pledged Amount (logged) and Number of Backers (logged) as dependent variables. The makerspace effects on
commercialization outcomes remain positive and specific to hardware projects (Table OA13).

85US01 7 SUOWILIOD SAIEaID 3|ed!|dde a3 Aq peusenob afe sapie YO ‘8sh JO S3|NJ Joj Afeiq 1T aUluO 481/ UO (SUOTIPUOD-PUe-SWLIBIW0D A8 1M AReld1pU I |UO//:Sd1Y) SUONIPUOD PUe SWB | Y1 38S *[7202/TT/G2] Uo ARiqiauluo 8|1 ‘9aueld sueiyoo Ag #99¢g [Ws/zo0T OT/I0p/uod A3 1m Areiqjpul|uo//sdny wo.y pepeojumod ‘0 ‘9920.60T



10970266, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/smj.3664 by Cochrane France, Wiley Online Library on [25/11/2024]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

ﬂ ‘S3oydeIq Ul ﬁoﬁomuh aIe moﬂzm\/.nw .mmmbmﬁm AU} I0J pasn aJde SIOLId pIepue)s ISNqoy ‘[9A3] uuo.ﬂoym AY) Je Pajdnpuod aIom m@m%-dﬁz& 9JON
L T SvT T 9eT SIT SIr SIT 700’ 650° A
e 0S9‘TT  STY'61L 6E€°LOT 9+C9 14U Y0vS Y0vS 14U Y0vS SUONEAIASA0
E.LL £1039780 pUe YSIN VSN ON ON ON SIOIId plepue)s paldlsnid
= SOX SOX SOX SOX SOX SOX SOX ON ON $309JJ0 paxy A10393e0 pue JelIS
W_ RN SOA SoX SoX REYN SO SoX RE)N SoX S109]J° paxyy 1ed x
SoX SO SoX SoX SoX SO SoX SoX SoX SToIu0d o@woomm-ﬁo_wom
[L20] [9s0]
SeT0 88T°0— 192[044 2ADMPIDH
= [L207] [L807]
3 192[044 2ADMPIDH X 2)DJ 0]
m €00 <00 pays1qoisq mmod&mgmxmgk.o AoqQUINN 2a1IDINUNY
w [0007] [000'] [0007] [000°] [0007] [000°] [0007]
g 0110 $90°0 690°0 $80°0 9110 91’0 9IT’0 aI0( 01 5255209MG f0 42qQUINN
m, [oo0] [ooo0] [ooo0] [svs] [oo0] [2o0T] [z001]
g STO0—  SPO0— 6500~ T000—  ¥E00—  PEO0—  ¥EO0— aouanbag 122(04d
2 [000°] [0007] [0007] [0007] [000°] [0007] [000°]
1S00— 6500~ 0900~ 6600~  890°0—  8900—  8900— (pa33oy) yunowry (pon
leve] [86L] [s6L] locL] [ev0°] [660°] [o107] [6007] [c107]
210 01
100 LOOO— 800°0— 0100 0600 0600 0600 €800 0100 paysquisg saodsiaD fo 1oquinN aapmuin)
6 [9PON 8 [9POIN LPPPON  9PPOIN STPPOIN P IPPOIN € PPOIN T PPOIN T [PPON
STST STST STST N 4 STIST 1 4 STST 1 4 ST0
ASorouyoa], IV ASojouyddjuoN diemjijos orduwresqng
rempieH
S$S3J39n§ :d[qeLIeA aﬁ&@ﬁ&&&ﬁ—
m *($$900MS JO POOYI[dYI]) UONBZI[BIOIOWWIO) [BLINSUIdOIUS UO Sa0edSIoNew JO S0P 7 H19dV.L
=




22 WI LEY_ SMS | Strategic Management Journal BAO

confounding local ecosystem conditions that could be conducive to all kinds of entrepreneurial
activities.

5.2.2 | Mechanism testing: How do entrepreneurs benefit?

Focusing on the affected hardware projects, Table 3 assesses how the makerspace effect is mod-
erated by the factors predicted by the respective proposed mechanism. First, the resource provi-
sion channel indicates that the positive effect on commercialization success should be amplified
for larger projects and for entrepreneurs in regions with less developed entrepreneurial ecosys-
tems. Consistent with this mechanism, projects with a larger goal are affected more positively

TABLE 3 Testing mechanisms for entrepreneurial commercialization success (hardware projects).

Dependent variable: Success

Modell Model2 Model3 Model 4

Cumulative Number of Makerspaces Established to Date 0.086 0.301 0.091 0.048
[.050] [.063] [.058] [.072]
Cumulative Number of Makerspaces Established to 0.006
Date x Above Median Goal (logged)
[.097]
Cumulative Number of Makerspaces Established to —-0.036
Date x Entrepreneurial Ecosystem Index
[.050]
Entrepreneurial Ecosystem Index 0.146
[.242]
Cumulative Number of Makerspaces Established to 0.055
Date x Category Spanning
[.090]
Category Spanning —0.242
[.136]
Cumulative Number of Makerspaces Established to 0.013
Date x Above Median Racial Homogeneity
[.095]
Racial Homogeneity —0.023
[.789]
Region-specific and project-specific controls Yes Yes Yes Yes
Year, state, and category fixed effects Yes Yes Yes Yes
Observations 5404 2769 5404 5172
R’ 116 086 .099 147

Note: Results from project-level 2SLS regressions are reported. Main effects of moderators are omitted for moderators that are
already included as controls or have no variation conditional on the controls. Robust standard errors are clustered by MSA and
category. p-Values are reported in brackets.
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TABLE 4 Testing mechanisms: Effects on intermediate outcomes (hardware projects).
Number of
_ pECatS Text  Text similarity
Dependent variable (logged) similarity
Model 1 Model 2 Model 3 Model 4
Cumulative Number of Makerspaces Established to 0.280 0.007 0.006 0.014
Date
[.046] [.037] [.063] [.072]
Cumulative Number of Makerspaces Established to 0.002
Date x Above Median Goal (logged)
[.042]
Cumulative Number of Makerspaces Established to —0.002
Date x Cumulative Number of Coworking Spaces to
Date (logged)
[.360]
Region-specific and project-specific controls Yes Yes Yes Yes
Year, state, and category fixed effects Yes Yes Yes Yes
Observations 5375 5222 5222 5204
R? .033 122 123 130

Note: Results from project-level 2SLS regressions are reported. Model 4 focuses on regions with coworking spaces to rule out the
possibility that makerspaces are the only available coworking spaces. Robust standard errors are clustered by MSA and
category. p-Values are reported in brackets.

by makerspace establishments (Model 1, p =.097), and the entrepreneurial ecosystem index
that proxies for available entrepreneurial resources negatively moderates the makerspace effect
(Model 2, p=.050). Second, the social facilitation channel implies that the observed
effect should be greater for entrepreneurs who span multiple project categories and for those in
regions with high racial homogeneity. The results also substantiate this mechanism, as category
spanning entrepreneurs reap more gains than those who don't (Model 3, p = .090), and high
racial homogeneity in the local region positively moderates the effect (Model 4, p = .095). These
findings suggest that both channels are at play.

Evidence on intermediate outcomes in Table 4 further supports the importance of both
mechanisms. First, the resource provision channel predicts use of technological infrastructure
for rapid prototyping and experimentation, which should lead to more iterations of venture
ideas. Model 1 confirms that makerspace establishments increase the number of updates (log-
ged) over time for the same hardware project (p = .046), which suggests more project iterations;
these updates are the primary communication pathways for entrepreneurs to inform backers of
minor modifications or major pivots. Second, the social facilitation channel predicts knowledge
spillovers through social interactions, which should lead to shared knowledge among different
projects. Model 2 corroborates this mechanism and shows that makerspace establishments
increase text similarity among local hardware projects (p = .037), which suggests learning.*'

211 view text similarity as measuring knowledge similarity (Arts et al., 2018). While text dissimilarity might indicate
differentiation and radical innovations, incremental innovations that build on prior knowledge are also important
improvements and appear to be more likely to emerge from makerspaces.
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These results suggest that the resource provision and social facilitation channels are both contrib-
uting to how entrepreneurs benefit from makerspaces. The two operating mechanisms also appear to
be complementary, as larger projects that have greater resource needs experience larger increases in
knowledge/text similarity from makerspaces (Model 3 of Table 4, p = .042). In other words, the needs
for using the fabrication tools can impact how much entrepreneurs gain from the knowledge spill-
overs that take place in the coworking areas. Therefore, makerspaces differ markedly from traditional
coworking spaces due to the interplay of the technological and the social components. The common
fabrication foci can foster the connectedness among individuals that is crucial for learning to occur. If
makerspaces purely serve the same purpose as coworking spaces, then the effect of makerspaces on
knowledge spillovers would be greater when there are simply more coworking spaces around. How-
ever, Model 4 suggests that the number of surrounding coworking spaces does not appear to matter,
highlighting the distinctiveness of makerspaces. These findings point to makerspaces as a case illus-
trating that effects from physical amenities and social encounters do not operate in a vacuum.
Because the positive makerspace effects on commercialization are specific to hardware entrepreneur-
ial activities, technological infrastructure that supports common foci might be an antecedent and
enabler for proximity to lead to meaningful social interactions for knowledge spillovers.

Unpacking how entrepreneurs benefit provides rich insights into the value of makerspaces in
the post-entry stage and when the value can be maximized. As entrepreneurs choose what inter-
mediaries to use, those with commercialization objectives should carefully evaluate whether
accessing makerspaces for prototyping is a key priority depending on the specific venture needs.

5.3 | Robustness analyses

I conducted several robustness analyses to further mitigate concerns about unobserved confounders
potentially correlating with the instrument and driving the results. A detailed description of all robust-
ness analyses and findings is included in Appendix B. I first performed propensity score matching to
achieve balance on relevant controls and replicated the main findings (Tables OA15 and OA16). Even
though I cannot rule out possible spillovers in the pre-entry stage, any effects on commercialization
success from makerspaces should still be rather limited to hardware activities because only these pro-
jects benefit from actually using the tools. This is indeed the case here. To be more rigorous, I
abductively revise my claim on the boundary condition henceforth by focusing on the post-entry stage
and by showing that the found commercialization benefits are specific to hardware projects.

I then leveraged a larger dataset containing observations before MSA-level Maker Faires. I
employed a stacked event study using the staggered establishments of the first makerspace
across MSAs. Table OA17 presents the estimates for Treat X Post, which gives the average treat-
ment effect across all events, showing that the positive effects for hardware projects found in
the IV analyses are robust under an alternative empirical design. Figure 4 plots the estimates
for the year-specific treatment effects relative to the year before the first MSA makerspace estab-
lishment and further confirms that the commercialization benefits are specific to hardware pro-
jects that do not exhibit differential trending patterns before treatments.”” I also examined

220ne caveat for interpreting the stacked event-study estimates is that the first makerspace establishment in an MSA
could be followed by more establishments in subsequent years, leading to variation in subsequent treatment intensity in
the long term. I used a narrow time window to focus on the immediate effects of makerspace establishments to mitigate
this complication. Therefore, these results largely reflect short-term effects that supplement the estimates capturing
longer-term implications in the main analyses.
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FIGURE 4 Stacked event-study results examining how first MSA makerspace establishments affect

entrepreneurial commercialization outcomes.

models leveraging more nuanced within-MSA variation in makerspace access based on actual
distances. Tables OA18 and OA19 show that being closer to a makerspace is associated with
better commercialization outcomes, but only for hardware projects.**

Finally, I performed robustness checks that consider other alternative explanations and sen-
sitivity of the observed effects to different design choices. All results remain robust.

54 |

Alternative entrepreneurial settings

The empirical inquiry thus far focuses on the context of Kickstarter projects. These
crowdfunding activities have been used in many studies as a measure of entrepreneurship and
have been acknowledged by makers as their go-to for commercialization. However, to under-
stand the broader implications of makerspaces, it is important to characterize what
crowdfunding projects represent and how they relate to alternative types of entrepreneurship.
Existing studies provide two insights. First, crowdfunding activities represent very early-
stage entrepreneurial endeavors, such as developing product prototypes and validating demand

ZThese associations should not be interpreted as causal, but they supplement the main results by validating the

correlation between makerspace access and entrepreneurial commercialization at a more fine-grained level of

geography.
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(Mollick & Robb, 2016). Through the campaigns, entrepreneurs often aim to raise the very ini-
tial capital for founding ventures (Mollick, 2014). Second, this type of tentative entrepreneurial
activities often subsequently result in high-tech, high-growth entrepreneurship that indicates
real firm and job creation. Mollick and Robb (2016) note that a very high percentage of success-
ful Kickstarter campaigns remained ongoing ventures and continued to add employees follow-
ing the campaign. Yu and Fleming (2022) find that commercially oriented crowdfunding
activities preceded regional increases in the establishments of high-growth startups, which was
also accompanied by decreases in more conventional nontechnology entrepreneurship due to
the shifted entrepreneurial focus. Therefore, the makerspace effects on crowdfunding activities
potentially would carry over to other types of high-tech (but not low-tech) entrepreneurship.

To examine this conjecture and the scope conditions of the makerspace effects, I extend the
study by examining two alternative entrepreneurial settings: (1) generic self-employment (pri-
marily low-tech) reported in the US Census Bureau's Current Population Survey (CPS); and
(2) US VC-backed firms (primarily high-tech) reported in the Preqin database (a leading com-
mercial data provider for venture deal information). These two distinct types of entrepreneurial
activities represent the two ends of the technology intensity spectrum. Adopting the same IV
design with the same set of region-specific controls in the Kickstarter setting, I found no effect
of makerspace establishments on the likelihood of individuals entering CPS self-employment or
on their likelihood of earning business income; however, I found that makerspaces positively
affect the creation of new VC-backed firms and the number of successful first-time VC deals
(see Appendix C for a detailed description of the analyses and findings).

Insights from the two alternative settings highlight important heterogeneities in the defini-
tion of entrepreneurship. The main analyses focus on crowdfunding projects, which is in itself
an important type of entrepreneurial activity—a total of $7.82 billion has been pledged to
618,253 Kickstarter projects as of February 2024 based on Kickstarter's website. The projects,
especially the technology ones, can also be indicative of high-tech startups in nascent incuba-
tion. Here, I provide preliminary evidence that makerspaces may have meaningful impacts on
growth-oriented entrepreneurship with important economic implications (e.g., VC-backed
startups).

6 | DISCUSSION AND CONCLUSION

Despite a few high-profile anecdotal entrepreneurial successes that emerged from the increas-
ingly popular makerspaces and theoretical conjectures on how these spaces foster entrepreneur-
ship, empirical evidence on their causal effects is scant. Makerspaces are not designed
specifically for entrepreneurs, and overall usage by commercially oriented entrepreneurs
(vs. other makers) appears to be low. This article studies whether makerspaces affect entrepre-
neurship on a large scale by asking: (1) Do makerspaces encourage entrepreneurial participa-
tion, if so, who? (2) Do makerspaces benefit entrepreneurial commercialization, if so, how?
(3) Are there any boundary conditions for when these effects would occur?

I used hand-collected datasets on US makerspaces and Maker Faires and archival data on
Kickstarter projects and leveraged an IV design in which the weather (rain vs. no rain) on an
MSA's first Maker Faire was an instrument that exogenously influenced the subsequent local
makerspace establishments. I found that makerspace establishments positively affect entrepre-
neurial participation and subsequent commercialization outcomes, but these effects are mostly
specific to hardware activities that involve physical prototypes: while spillover effects leading to
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the launch of more nonhardware activities cannot be fully ruled out, the commercialization
benefits do not extend to software or nontechnology activities. These results are robust to alter-
native empirical designs addressing the limitations of the main IV approach. Post hoc analyses
discover that the makerspace effect on entry is driven more by new (vs. established) but inten-
tional (vs. accidental) entrepreneurs. Mechanism tests further reveal that the makerspace effect
on commercialization comes from two operating channels—resource provision and social
facilitation—and that they appear to be complementary to one another.

While entrepreneurs account for only a small percentage of the entire maker population, my
findings point to meaningful large-scale effects of makerspaces on the (prospective) entrepreneur
population (mostly those with prototyping needs). The limited impacts observed for non-
hardware activities validate the relevance of fabrication tools in driving the effects. I thus high-
light technological infrastructure as an important antecedent and enabler for proximity (e.g., in
coworking spaces or through events) to give rise to meaningful social interactions—common
foci (e.g., fabrication tools in the context of makerspaces) can create the connectedness for
knowledge spillovers to take place and benefit entrepreneurial commercialization.

The study makes three major theoretical contributions. First, it adds to the literature on
institutions and entrepreneurship (Tolbert et al., 2011), particularly on the sociocultural envi-
ronments that shape entrepreneurship (e.g., Eesley et al., 2016). Emerging research has begun
investigating the effects of recent social movements on entrepreneurship, creativity, and
innovation—for example, the growing gig economy (Burtch et al., 2018), social liberalization
issues (Vakili & Zhang, 2018), and Black Lives Matter (Agarwal & Sen, 2022) movements.
Adding to this work, I demonstrate that makerspaces emerging from the community-based
maker movement encouraged entrepreneurial participation and facilitated subsequent commer-
cialization for certain types of activities. My study thus confirms the important role of grassroots
social movements on business activities and outcomes.

Second, the study contributes to the organization and strategy literature on factors reducing
entrepreneurial barriers, which has focused primarily on regulatory environments affecting
entry costs (e.g., Castellaneta et al., 2020), risk of business failures (e.g., Eberhart et al., 2017),
potential litigation risks from prior employers (e.g., Marx, 2022), and labor mobility constraints
(e.g., Agarwal et al., 2022). Focusing on the nonlegal contextual factor of local makerspace
establishment, I propose that makerspaces provide entrepreneurs with the necessary technolog-
ical infrastructure to develop early prototypes, mitigating another crucial entrepreneurial bar-
rier: the lack of technology accessibility.

Third, the study extends work on how entrepreneurship intermediaries aid venture develop-
ment. Whereas researchers have extensively explored accelerators and incubators targeting
high-growth ventures (e.g., Assenova, 2020; Hallen et al., 2020; Yu, 2020), my findings reveal
how intermediary organizations not specifically designed for entrepreneurs can also promote
specific types of entrepreneurial endeavors, especially for entrepreneurs intentionally seeking
alternative avenues for overcoming technological resource hurdles. My findings also contribute
to work highlighting how physical amenities benefit business formation and organizing (Dutta
et al., 2021; Howell, 2022) and their role in facilitating social interactions based on overlapping
knowledge domains for learning to occur.

The study has a few practitioner implications. First, for entrepreneurs, competitive and
prominent accelerators/incubators are not the only avenues to achieve commercialization suc-
cess. Accelerators and incubators focus on helping more developed ventures achieve accelerated
growth through structured learning, networking, and signaling. For early-stage entrepreneurial
ideas involving physical products, though, makerspaces can create environments conducive to
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iterated improvements, serendipitous learning, and potentially small-scale manufacturing by
offering both affordable access to technological infrastructure and social interactions facilitated
by common fabrication foci. Second, for managers of entrepreneurial programs, recognizing the
boundary condition for makerspace effects is important as they consider adding fabrication
tools to existing resources. For instance, programs that typically attract software startups will
not likely benefit much from investments in developing technological infrastructure for
prototyping. However, programs focusing on certain industry challenges or customer problems
that tend to involve physical solutions (e.g., hardware, gadgets, wearables) may disproportion-
ately benefit from the provision of environments conducive to hands-on prototyping experi-
ences. Third, for policy makers, understanding the makerspace effects is crucial for designing
systems and structures that support inclusive prosperity for entrepreneurs who otherwise lack
access to technological infrastructure or knowledge spillovers. Government funds may be
channeled to underserved regions to encourage makerspace establishments for reviving
regional entrepreneurial activities and economic development. My findings suggest that fabrica-
tion tools create the common foci for social interactions to lead to knowledge spillovers. Invest-
ments aiming for future technological development that improves accessibility to alternative
tools (e.g., scientific equipment for biolabs) may create similar common foci for learning to
occur in other types of entrepreneurial clusters.

To conclude, I discuss the limitations and point to future research directions. First, data on
individuals' actual makerspace participation and usage are limited. I focused on providing
macro-level estimates to explore the average effects of makerspaces on a large scale and there-
fore cannot offer direct evidence on makerspace engagement, tool utilization, or social encoun-
ters. Instead, I drew on mechanism tests to derive inferences to rule in/out the theorized
channels. Future studies can construct more detailed data by tracking and aggregating partici-
pation and usage data across multiple major makerspaces to deepen our understanding of how
entrepreneurs benefit from makerspaces. Second, this article focuses on the early entrepreneur-
ial stages, which are very likely affected by the technological capacity for prototyping. Data limi-
tations prevented me from examining how makerspaces affect Kickstarter projects’ delivery
outcomes (i.e., whether entrepreneurs could eventually manufacture and deliver their pre-sold
products). Future studies can investigate the long-term performance implications by exploring
the growth and scaling stages, for example, local fabrication facilities may improve manufactur-
ing capabilities by reducing the supply chain length.
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SUPPORTING INFORMATION
Additional supporting information can be found online in the Supporting Information section
at the end of this article.
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