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ABSTRACT 

Open access to design, prototype, manufacture and possibili-

ties to exchange knowledge enables individuals to invent and 

build hardware products themselves. This represents a core 

element of the so-called Maker Movement. Within this move-

ment academic makerspaces can be key drivers in supporting 

the creation of start-ups given the fulfillment of certain func-

tions. This is the situation, although the influence of mak-

erspaces on product development, especially with hardware 

start-ups, has not yet been scientifically investigated. This pa-

per evaluates the environment at UnternehmerTUM Mak-

erSpace based on a case study. The aim is to describe the re-

lationship between Maker Movement Elements, as described 

in former works, and the demands of hardware entrepreneurs. 

The results may help to raise general awareness about availa-

ble supportive resources at makerspaces and therefore may be 

fruitful for makerspace operators. Hardware entrepreneurs 

may acquire new skills based on the results and best practice 

examples are examined in the case study. 

 

INTRODUCTION & PROBLEM STATEMENT 

In the past decade there has been an immense increase in the 

number of makerspaces that were established either publicly, 

in joint efforts, by a group of individuals, or for academic pur-

poses that are hosted by schools or universities. In 2017, over 

1,400 makerspaces were in existence worldwide. [1] The 

widespread access to capabilities for designing, manufactur-

ing and distributing in these locations enables individuals (so-

called Makers) to easily invent and build hardware products 

themselves. As a result, it enables Makers to bring their ideas 

from zero to market maturity. [2] 

Previous research by the authors has focused on analyzing and 

clarifying available players and functions in the Maker Move-

ment ecosystem and introduced the term Maker Movement 

Element. A Maker Movement Element is a collective term for 

players that hold a supportive role within the Maker Move-

ment ecosystem. In total 33 Maker Movement Elements and 

nine subsystems, such as access to prototyping/ fabrication/ 

manufacturing facilities, are described. [3] Based on this 

framework a makerspace represents a physical location that 

offers a sufficient range and quantity of Maker Movement El-

ements to individuals. 

Despite literature on supporting the enabling function of mak-

erspaces in the development of start-ups [4], little knowledge 

is currently available about the demands of hardware entre-

preneurs in the Maker Movement ecosystem. A hardware en-

trepreneur is an individual starting his/ her business based on 

a physical product. This physical product may also be com-

bined with a software framework. For example, Pebble smart 

watch [5] combines both, an Internet of Things (IoT) based 

device with a smartphone application for setup and control-

ling. 

Hardware entrepreneurs play a major role within start-ups, 

very often having the founder, CEO, or CTO roles. A start-up 

is defined as a temporary organization searching for a repeat-

able and scalable business model. [6] Start-ups are character-

ized by the following three elements: start-ups are younger 

than 10 years; start-ups feature innovative technologies and/ 

or business models; start-ups have/ strive for significant em-

ployee and/or sales growth. [7] 

The term product development includes product concepts, 

technical designs, necessary preparations, as well as the inte-

gration of the outcomes of those individual disciplines into a 

holistic solution. The result of product development is the de-

scription and documentation of the product itself, which in-

cludes detailed and obligatory designs of the product regard-

ing technical functions, costs, quality and time. It also repre-

sents the basis for evaluating the feasibility of the product in 

line with an economic and technological perspective. [8] 

The aim of this paper is to describe the connection and corre-

lation between Maker Movement Elements and their usage by 

hardware entrepreneurs in product development based on a 

case study conducted at Europe’s largest makerspace, Un-

ternehmerTUM MakerSpace. 

METHODOLOGY 

The identification and classification of Maker Movement El-

ements, which are based on data retrieved from and reviewed 

with hardware entrepreneurs, is based on research previously 

carried out by the authors. The outcomes concerning connec-

tions and correlations between Maker Movement Elements 

and hardware entrepreneur demands illustrated in this paper 

are based on an exploratory case study methodology. [9] 

Hardware entrepreneurs at the UnternehmerTUM Mak-

erSpace location are questioned about their knowledge and 

usage of certain Maker Movement elements. First the entre-

preneurs are asked about current challenges they face in prod-

uct development and their experiences with makerspaces in 

general. In the second step the Maker Movement elements are 



  

narrowed down to those that are either known or have already 

been used by the hardware entrepreneurs. Thirdly they are 

questioned to rank those elements based on their assumption 

of how it will affect cost and time reduction in product devel-

opment, increase the quality of the product and reduce its 

costs, as well as have effects on the hardware entrepreneur’s 

network/ community. The last step analyzes what Maker 

Movement Elements are offered and how they are realized at 

the UnternehmerTUM MakerSpace location. 

SCOPE 

The scope of the case is specifically the UnternehmerTUM 

MakerSpace. UnternehmerTUM Maker-Space is a 1,500 

square meter facility on the campus of the Technical Univer-

sity of Munich (TUM). MakerSpace is open to the public and 

provides members with access to machines, tools and soft-

ware, as well as a creative community. It offers a place to re-

alize ideas and innovative products in the form of prototypes 

and small batch production volumes. The high-tech workshop 

provides various work areas such as metal and wood work-

shops together with textile and electronics facilities. In addi-

tion, 3D printers, laser cutters and a water jet cutter make it 

possible to fabricate virtually any conceivable shape. Un-

ternehmerTUM MakerSpace is Europe’s biggest academic 

makerspace and was opened in 2015 as part of Unternehmer-

TUM, the entrepreneurship center of TUM. Unternehmer-

TUM offers students, scientists, founders, and start-ups an ex-

clusive possibility to realize their idea and projects. 

On the other hand, the scope of the research is limited to hard-

ware entrepreneurs already established and working at Un-

ternehmerTUM MakerSpace, such as an entrepreneur from 

the start-up Kewazo [10], who has already used various offers 

plus services of the Maker Movement ecosystem and devel-

oped several prototypes. Kewazo is creating a robotic system 

for autonomous scaffolding transportation and installation. 

All hardware entrepreneurs questioned are currently working 

on a physical product and should be in the seed start-up phase, 

which indicates that a product concept exists, but no revenues 

have yet been created. In line with the research design thirteen 

entrepreneurs have been interviewed in total. 

FRAMEWORK & PREPARE GUIDED INTERVIEWS 

Each interview was separated into four sections: general ques-

tions on the start-up of the hardware entrepreneur concerned; 

detailed questions on his/ her current experiences with mak-

erspace usage; knowledge and usage of Maker Movement El-

ements; and assessment of Maker Movement Elements based 

on costs, quality, time, and network. 

The first aspects for the creation of the questionnaire to be 

used for conducting guided interviews were drawn from the 

European Startup Monitor survey. The European Startup 

Monitor is an annual study to promote transparency for the 

start-up environment in Europe, to identify country specific 

and common challenges of the start-up landscape and also 

projecting beyond that to show and highlight specific devel-

opments over time. [7] In line with person related queries like 

age, gender, and location of the hardware entrepreneur/ start-

up, the following questions are used to describe the hardware 

entrepreneur’s start-up in more detail:  

• What is the current development stage of your start-

up?  

• Which category best describes your start-up?  

• What customers and/ or users does your start-up ad-

dress?  

• Through which customers does your start-up gener-

ate revenue? 

• What type of organization have you already cooper-

ated with and why? 

• What are the three biggest challenges your start-up 

is currently facing? 

• What challenges do you think you may/ did you face 

during product development in your start-up? 

The second part of the interview asked about the entrepre-

neur’s current experiences in a makerspace. The interviewees 

were specifically encouraged in this to think broadly and not 

only about UnternehmerTUM MakerSpace offerings or ser-

vices. The following set of open questions was used to start 

discussion in this section of the interviews: 

• Could you briefly describe what experience you al-

ready have with makerspaces in general? 

• Which machines/ tools do you mainly use in your 

product development project? 

• Do you face any restrictions when working on your 

product development project in a makerspace? 

• How can/ should makerspaces support you in the de-

velopment of product innovations? 

• What could be the main reason you chose to realize 

your project in a makerspace? 

The framework for the third section of the interview is 

grounded on the earlier introduced Maker Movement Element 

framework. This framework was created based on previous 

research study. In this section each Maker Movement Element 

is introduced, discussed, and checked by the interviewed 

hardware entrepreneurs based on the criteria of knowledge, 

usage and inclusiveness. 

The fourth part of the interview focuses on an assessment of 

each Maker Movement Element. The assessment is carried 

out in terms of cost and time reduction in product creation, 

quality increase and cost reduction of the product, as well as 

effects on the hardware entrepreneur’s network due to Maker 

Movement Elements. Each element is evaluated for each cri-

terion based on a Likert scale (5… extremely likely, 4… 

likely, 3…neutral, 2… unlikely, to 1… extremely unlikely). 

[11] 

Finally, the location, UnternehmerTUM MakerSpace, itself is 

assessed on each Maker Movement element. This assessment 

checks if a Maker Movement element is currently offered/ 

isn’t currently offered based on multiple data sources, like 

field trips or interviews with the makerspace operators. 

DATA GATHERING & COLLECTION 

Munich is an economic hub that offers entrepreneurs a great 

infrastructure including access to top universities. Many es-

tablished, R&D-heavy corporations also have their headquar-

ters in Munich, including BMW and Siemens, which help 

with the incubation of start-ups through investments and var-

ious programs. UnternehmerTUM, the center for innovation 



  

and business creation at the TUM, is a key player in this eco-

system for the creation of technology driven start-ups. 2,000 

students a year attend UnternehmerTUM courses and 50 scal-

able technology start-ups are established. [12] Unternehmer-

TUM was founded in 2002. A new 6,100 square meter Entre-

preneurship Center building, which hosts the Unternehmer-

TUM, the TUM Entrepreneurship Research Institute, the 

TUM Incubator, the UnternehmerTUM Venture Capital, and 

the UnternehmerTUM MakerSpace under one roof on the uni-

versity campus in Garching (Munich) was completed in 2015. 

[13] Out of this ecosystem thirteen hardware entrepreneurs 

are selected for the interviews based on their start-up’s prod-

uct and close relation to UnternehmerTUM MakerSpace. 

Each guided interview lasted approximately one hour and was 

recorded and transcribed to gather all the necessary infor-

mation. 

Table 2 shows an overview of the interviewed hardware en-

trepreneurs. Moreover, Table 2 gives insight into the answers 

of the interview section one, question on the hardware entre-

preneur’s start-up, and section two, questions on his/ her cur-

rent experiences in makerspaces. 

In section three of the interviews hardware entrepreneurs are 

confronted with the Maker Movement Element framework for 

the first time. During this section, each element was discussed 

in order to establish a common understanding and the inter-

viewer notes whether a specific element is unknown/ known 

to the entrepreneurs or whether it is even used in their product 

development. 

The last section of the interview is based on an assessment of 

each Maker Movement Element concerning the following cri-

teria: reduction of product cost, product development costs 

and time in product development as well as an increase in the 

entrepreneur’s product quality and network. It was striking 

that the hardware entrepreneurs had no problem assessing the 

product development cost, time and quality criteria.  

One difficulty arose when assessing the reduction of product 

costs due to the lack of experience gathered so far. In addition, 

while assessing their network/ community increase due to 

Maker Movement Elements, some stated that in contrast to 

the other criteria the Maker Movement Elements themselves 

might not play a role at all. 

Furthermore, UnternehmerTUM MakerSpace was assessed 

through discussions with the staff, visits to the space, pro-

vided historical data and the company’s website. 

UnternehmerTUM MakerSpace was opened in June 2015. 

Around 50 persons (part and full time) are employed. The big-

gest group of employees works as instructors for courses. The 

second group is the workshop staff and the third group deals 

with administrative tasks. Besides offering paid memberships 

to private persons and company representatives, MakerSpace 

provides students free admission to the workshop. The space 

is open every day of the week: on Monday to Friday 08am to 

10pm and on Saturdays and Sundays from 11am to 10pm. In 

order to use any machine mandatory fee-based introduction 

courses have to be taken by all members. A wide range of 59 

courses for different skill levels and topics are available. The 

schedule and topics change weekly. The layout of the space is 

structured based on the type of the fabrication process and the 

used materials: 3D printing (FDM, SLA, and SLS), laser cut-

ting, metal shop, painting and finishing, welding, water jet 

cutting, wood shop, CAD work stations, textile, electronic 

workshop, plastic, and project space. Moreover, an event 

space and a coffee corner are provided. Mobile electronic 

equipment, like drilling machine, jigsaw, etc., can be rented 

for free at the front desk. 

Table 1 gives an overview of the combined results of the in-

terviews and also shows the offered Maker Movement Ele-

ments at the UnternehmerTUM MakerSpace location. 

 
 

 
Tab.1  Interview results based on the Maker Movement Element frame-

work and offered elements at UnternehmerTUM MakerSpace ( * results 

of 13 interviewed hardware entrepreneurs, ** based on observations in 

UnternehmerTUM MakerSpace, *** calculated based on a horizontal 

sum of each element’s result) 

 

 

Maker Movement Elements K
n

o
w

 b
y
 i

n
te

rv
ie

w
ed

 s
ta

rt
-u

p
s 

*

P
ro

d
u

ct
 c

o
st

s 
*

P
ro

d
u

ct
 d

ev
el

o
p

m
en

t 
co

st
s 

*

T
im

e 
in

 p
ro

d
u

ct
 d

ev
el

o
p

m
en

t 
*

P
ro

d
u

ct
 q

u
a
li

ty
 *

N
et

w
o
rk

 *

U
n

te
rn

eh
m

er
T

U
M

 M
a
k

er
S

p
a
ce

 *
*

Im
p

a
ct

 f
a
k

to
r 

*
*
*

C
o
m

m
u

n
it

y
 b

a
se

d

In
fr

a
st

ru
ct

u
re

 b
a
se

d

Y
/N

1
..
5

1
..
5

1
..
5

1
..
5

1
..
5

Y
/N

0
..
2
5

Y
/N

Y
/N

Fair /event 2,8 2,8 2,7 3,3 4,6 16,3

Maker related facility (database) 3,3 3,0 3,5 3,3 4,1 17,1

Expert's table 3,5 3,3 3,5 3,8 4,6 18,7

Community order platform 3,0 4,1 3,8 2,5 2,5 15,9

Open files repository (CAD, norm parts, code) 3,1 3,7 3,7 2,5 2,5 15,4

Discussion forum 3,5 3,5 4,0 3,0 2,8 16,8

Crowd based instructions 2,9 3,7 3,6 2,7 2,6 15,5

Webinar / Workshop / Massive Open Online Courses (MOOCs) 3,5 3,7 3,7 4,1 3,2 18,2

Online collection of resources 3,3 3,7 4,0 4,1 2,9 18,0

Online blogs that inspire, teach skills, help to solve a problem 3,5 4,0 4,4 4,2 3,1 19,1

Books / printed magazine 3,0 3,1 3,0 4,0 2,2 15,3

Open-source software framework 4,3 4,5 4,5 3,6 2,3 19,2

Open-source (electronic) hardware 3,9 4,7 4,7 3,1 2,1 18,5

Digital prototyping machine 3,4 4,9 4,8 3,8 2,6 19,6

Wood shop 2,8 4,6 4,3 3,0 2,5 17,3

Metal shop 3,3 4,6 4,5 3,7 2,6 18,7

Electronics workshop 3,5 5,0 4,6 4,0 2,7 19,8

Craft machine 2,3 4,1 3,2 3,0 2,9 15,6

Testing equipment (especially for electronics) 4,1 4,8 4,7 4,1 2,6 20,3

Microfactory (for assembly) 4,6 4,2 3,2 4,0 1,8 17,8

Cloud computing platform 4,4 4,2 4,3 3,8 1,4 18,1

Free 2D design software 3,0 4,0 4,7 2,5 1,3 15,4

Free 3D design software 4,0 4,7 4,7 3,5 1,5 18,4

Free simulation software 3,0 4,3 4,5 3,0 1,0 15,8

Developer tools for electronics (IoT toolkit, PCB testing, ...) 4,0 4,6 4,5 3,4 1,7 18,2

Platform for distributed manufacturing 3,2 3,4 3,4 3,7 3,1 16,9

Contract manufacturer for low volume 3,9 3,5 4,1 4,2 2,7 18,3

Electronic parts supplier 3,9 4,1 4,5 4,0 3,0 19,5

Raw material in lowest volume (material library) 3,0 4,3 4,7 3,5 1,7 17,2

Crowd funding 1,9 1,9 3,1 1,6 3,4 11,8

Crowd investment (equity crowdfunding) 2,0 2,3 2,8 1,3 3,3 11,7

Peer-to-peer (P2P) e-commerce 2,3 2,1 2,7 1,8 2,5 11,4

Rent a physical space 2,0 2,5 2,8 2,8 3,4 13,4

Average result between 1,00 and 2,33 0-3 responses Yes

Average result between 2,34 and 3,66 3-5 responses Mixed

Average result between 3,67 and 5,00 5-8 responses No

8-10 responses

10-13 responses



  

ANALYZE EVIDENCE AND SYNTHESIS 

The following paragraphs provide an analysis and detailed 

discussion of the ways in which makerspaces are now serving 

the needs of the hardware startup directly based on the data 

gathered. Furthermore, areas in which the needs and require-

ments of various hardware start-up entrepreneurs are not cur-

rently be met by UnternehmerTUM MakerSpace are identi-

fied. 

1) Hardware start-ups and their challenges 

As already mentioned in the section Data gathering & collec-

tion the authors try to interview a very homogeneous group of 

hardware entrepreneurs. All have experience with a mak-

erspace, are in an early development stage with their start-ups, 

mainly develop products for the Business to Business (B2B) 

market, and develop hardware focused high-tech products 

which can have a software aspect. 

By far the biggest challenge faced by the interviewed entre-

preneurs at the present time is product development and was 

specifically cited challenge number one by 9 out of 13 who 

were questioned. In terms of their current start-up stage this 

seems to match the general pattern that is emerging, since all 

start-ups in seed stage see product development as their main 

challenge. Within the product development issue “technical 

problem solving” is the main driver. Start-ups in a later stage, 

growth and startup, see also industrialization of the product 

and design for manufacturing (DFM) as a major challenge. 

 

2) The current experiences of entrepreneurs in a makerspace 

Entrepreneurs perceive the makerspace in a generally positive 

light. Many of them concurred in the view that the main ben-

eficial aspect is easy and cheap access to a wide variety of 

machines and tools.  

"We would need to be in a MakerSpace for around 50 years 

in order to pay back the investment we would need for a ma-

chine like a laser cutter… well, while that might just be pos-

sible, it's a dauntingly huge hardware investment for the start-

up..." 

Another entrepreneur states this positive affect of a Mak-

erspace similar: 

“No, we do not have the budget to buy any equipment and 

here, with the MakerSpace, it is awesome. You can actually 

use all the equipment you need daily from 8am to 10pm. This 

is unique. What it means for us is that we are not faced with 

any restrictions.” 

Some entrepreneurs also mentioned elements currently miss-

ing in the ecosystem. For example, they have the need to rent 

an industrial expert on an hourly rate at the makerspace. This 

service is especially demanded for the consulting on produc-

tion processes like injection molding. Lots of time and costs 

are wasted in getting the correct molds and material proper-

ties. Others also wish to have a Maker project showcase li-

brary, with the possibility of learning how others deal suc-

cessfully with a specific function, as also the opportunity for 

easily getting to know like-minded people. 

Some entrepreneurs state that the main restriction in using the 

UnternehmerTUM MakerSpace is the regulation of participa-

tion to an introduction courses before using machines. In 

UnternehmerTUM MakerSpace this is obligatory, because of 

the local safety regulations, and every user must do an intro-

ductory course before he/ she is allowed to use specific equip-

ment items on their own. Courses are held frequently, but sit-

uations arose where entrepreneurs had to wait one or two 

weeks for a place on a course. This restricts the amount of 

different fabrication technology used by entrepreneurs and 

can lead to wasted time within their product development pro-

cess. 

Surprisingly, the opening hours and also the insufficient qual-

ity of makerspace’ machines or overcrowding/ overbooking 

machines are not seen as restrictions. 

 

3) Un-/known or used Maker Movement elements 

Table 1 shows that most Maker Movement Elements are 

known and/or used by the questioned hardware entrepreneurs. 

The entrepreneurs state that 33 out of 33 Maker Movement 

Elements are known and 30 are used in their daily routines. 

These statistics indicate that the defined Maker Movement El-

ement matches with the hardware work and needs of the en-

trepreneurs. The most extensively used elements are online 

blogs that inspire, teach skills and help to solve a problem, as 

also digital prototyping machines, and open-source hard-

ware. Rent a physical space is a mostly unknown concept. 

This can be used to sell a final product directly to an end cus-

tomer and get immediate feedback. This element might not be 

essential due to the fact that the questioned entrepreneurs fo-

cus on the B2B markets. Other very little-known elements are 

maker-related facility database, community order platform, 

micro factory for assembly, free simulation software. 

Taking a close look at all of these elements can be helpful for 

the hardware product development of start-ups. Taking into 

account that lots of problems and errors on a physical product 

are only detected in the product ramp-up phase a Micro-fac-

tory for assembly can be of great importance for scaling start-

ups. Similar assumption can be made for simulation software. 

A Maker related facility database can be especially helpful 

when a makerspace does not offer enough capacity or does 

not offer a sufficient number and range of machines and tools. 

As explained, hardware entrepreneurs are engaged in devel-

oping many different products, from autonomous driving ve-

hicles to small IoT sensors, and it is therefore logical that they 

may need a large variety of different fabrication technologies. 

A point also mentioned as potentially crucial by some entre-

preneurs is the value of an extension of such a database to 

known suppliers who are willing to work with start-ups. The 

perception by interviewees of Community order platform, like 

OSH Park for electronics, is very broad and differentiated. On 

the one hand cost can be reduced but on the other hand the 

timespan for obtaining the ordered part is extended. 

 

4) Assessment of Maker Movement Elements 

The results of the Maker Movement Element assessment can 

be interpreted in two perspectives: First, characterization of 

elements which are most helpful in a specific criterion, reduc-

tion of product- and product development costs, time, to-

gether with the boosting of product and network quality. Sec-

ond, the description of Maker Movement Elements with the 



  

biggest impact on all criteria. The results of both perspectives 

can be seen in Table 1. 

It is clear to see that in the criterion reduction of product de-

velopment cost and time the Access to digital prototyping ma-

chine, like 3D printers, laser cutters, etc., play the most im-

portant role - on average the reduction of product develop-

ment costs was given a grade of 4.9 and time 4.8, where 5 is 

the maximum. This statement is also in line with the initial 

questions concerning the main benefit of a makerspace, as de-

scribed in the section above. Besides Access to digital proto-

typing machines Maker Movement Elements which are 

needed for electronic product development were given very 

good grades: Access to electronic workshop was awarded a 

maximum 5.0 in reduction of product development costs and 

testing equipment especially for electronics scored well (4.1) 

in the criterion boosting product quality. In the issue of cost 

reduction for the final product hardware entrepreneurs agreed 

in clearly placing the concept of a micro-factory into number 

one leading position. Fairs/ events and expert roundtables, 

such as meet-ups, emerged with the best scores in the criterion 

network/ community increase. 

Another fascinating aspect is that across all Maker Movement 

Elements the potential impact on the criteria reduction of 

product development costs and time is highest (126 and 129) 

and the impact on network increase is lowest (87). These val-

ues are calculated by the vertical sum of all Maker Movement 

Elements per criterion. This correlation appears especially vi-

brant and interesting when compared to the initial statements 

by the interviewees on the network, that in contrast to other 

criteria the Maker Movement Element framework might not 

play a role at all. 

Testing equipment especially for electronics as also access to 

an electronic workshop got the highest values through all five 

criteria, followed by access to digital prototyping machines. 

Those three elements, which are directly related to a mak-

erspace, are followed by electronic parts suppliers, open-

source software frameworks, metal shop and expert tables. In 

contrast, the element of crowd funding, crowd investment, 

peer-to-peer e-ecommerce and rent a physical space did not 

have an important role for the questioned hardware entrepre-

neurs. 

The figures that emerged are certainly influenced by the types 

of product to be developed by the hardware entrepreneurs, but 

the perception that the electronic area in a makerspace is gain-

ing ever more importance is proven positive. 

 

5) Assessment of the location 

Table 1 at first glance gives the impression of a very complete 

environment, in which some elements are still not offered, 

such a micro-factory for assembly. Maker Movement Ele-

ments that are not offered tend to correlate with what is not 

known by interviewed hardware entrepreneurs. Micro-factory 

for assembly, maker related facility database, community or-

der platform, or free simulation software are examples of 

these unknowns. 

Even though the element online blogs that inspire, teach 

skills, help to solve a problem is popular and seen as helpful 

among questioned hardware entrepreneurs (cross criteria 

factor 19.09) it is not offered by UnternehmerTUM Mak-

erSpace. This element can for example effortlessly be imple-

mented through a self-hosted Wiki or WordPress website. 

Other unmet hardware entrepreneur needs can be seen for the 

element Electronic part supplier, Contract manufacturer for 

low volume, and Platform for distributed manufacturing. 

Those three elements are especially essential when scaling 

start-up. After finishing the first functional prototypes hard-

ware start-ups are on the lookout for partners to get their prod-

ucts industrialized, but UnternehmerTUM MakerSpace has 

very limited support offerings in this field. Some interviews 

also laid open the weakness that the testing equipment of-

fered, and which is mainly for electronics is not sufficient. 

Hardware start-ups mentioned a significant need for material 

and optical testing equipment as also a climate chamber. This 

equipment has high investment costs and therefore a solution 

for makerspaces can be the definition of a partner network 

with established local companies, which offer their services 

for use by start-ups.  

Another need that is not being met can be seen in the field of 

simulation software, cloud computing platform and Open-

source software frameworks. Most of these elements are free 

to use and therefore a makerspace should host courses or 

workshops in those fields to create awareness and teach the 

first steps, especially for unexpired hardware entrepreneurs. 

 

6) Potential impact on operations, community and in-

frastructure of a makerspace 

Litts [14] develops in his work an activity identity-community 

framework to investigate public youth makerspaces. Addi-

tionally, he notes that makerspaces are primarily made up of 

community, space and tools. Baichtal [15] and Britton [16] 

conclude in their research that the community aspect seems to 

be the most important for the success of a makerspace. Based 

on these thoughts and with a view to the further clarifying of 

correlations and implementation possibilities of Maker Move-

ment Element framework the authors marked in the case of 

each element in Table 1 whether it is community driven or 

infrastructure based.  

While analyzing the UnternehmerTUM MakerSpace it was 

clear to see that only 24 out of 33 Maker Movement elements 

are associated to a makerspace infrastructure. This means that 

they are connected to an infrastructural investment, like pur-

chase of 3D printers or laser cutters. 6 out of those 24 ele-

ments are marked as mixed. They are online but can be influ-

enced by makerspace operators. These elements can for in-

stance be fueled with makerspace own information and hosted 

on a makerspace infrastructure, but they are accessed via the 

Internet. Examples are maker related facility database and 

online collection of resources. 

20 out of 33 Maker Movement Elements are community cen-

tered, which mean that those elements are mainly not directly 

influenced by a makerspace operator and need not be physi-

cally implemented. But not surprisingly those community-

based elements also have a great influence on the product de-

velopment of hardware entrepreneurs. Open-source software 

frameworks or hardware, open file repositories are good case 

examples of this. 



  

 

CONCLUSION AND DISCUSSION 

This paper aims to identify and describe the knowledge, usage 

and role of the Maker Movement Elements in the product de-

velopment of start-ups based on a case study with local hard-

ware entrepreneurs at UnternehmerTUM MakerSpace. More-

over, this case study was conducted in Europe’s leading aca-

demic makerspaces and thirteen hardware entrepreneurs are 

interviewed. Although the case study includes only a limited 

number of qualitative interviews at a single location the re-

sults and especially the research approach used can be trans-

ferred effortlessly to other locations. 

The conducted interviews show that various Maker Move-

ment Elements play a role in the product development by 

hardware entrepreneurs. A clear knowledge of the Maker 

Movement Element framework for each makerspace operator 

thus represents a valuable asset as discussed in the following: 

First, the described procedure can be used for the assessments 

of makerspaces in general; also requests for particular ele-

ments can be clarified through interviews with makerspace 

operators and users as shown in this paper. Furthermore, this 

paper allows for a visualization of the link between hardware 

entrepreneur’s needs and the offers and services of a mak-

erspace. This is especially important for an academic mak-

erspace, because resources are limited for these and a good 

match between specific elements and hardware entrepreneurs 

is essential for promoting the creation of new scalable start-

ups more powerfully.  

Second, this case study can be vital for hardware entrepre-

neurs in general, because the interviews conducted show that 

some elements are currently not known to hardware entrepre-

neurs but would most likely have a positive influence on their 

product development process. For a makerspace operator one 

simple solution, according to the interviews, would be to set 

up their own knowledge platform for their entrepreneurs. Best 

practice examples can also be described on a platform of this 

kind. 

Third, it can support initiators in setting up a new makerspace. 

After defining boundary conditions (e.g. size of a makerspace, 

budget, etc.) and focus (e.g. time, quality, cost, network), ini-

tiators are given a recommendation for a Maker Movement 

Element of case-specific relevance for them that can be im-

plemented. 

The case study shows that UnternehmerTUM MakerSpace 

enables a creative and fruitful creation of new ideas, proto-

types, products and start-ups. Zwilling emphasizes that “the 

Maker Movement and start-ups were made for each other” 

[17], which is underlined by the described case study. Based 

on the data generated in this case study, especially time and 

cost in product development can be saved through the use of 

certain Maker Movement Elements. In addition, the quality of 

the final product can also be increased. In today’s fast chang-

ing economy, it is vital to reduce costs and time to market for 

the development of new products and it is reasonable to as-

sume that community-shared equipment, infrastructure and 

mutual interests offer a breeding ground for upcoming ven-

tures. Nevertheless, a sufficient offering of software 

programs, courses and platform to generate new skills, as well 

as experts play an essential role for hardware start-up’s prod-

uct developments. Based on these premises, the issues re-

viewed here provide insights into assessing the effects on 

cost, time and quality and the influence these have on product 

development resulting from Maker Movement Elements. 

A continuing research project can compare several locations 

with each other. This cross-case synthesis can provide a more 

universal understanding of effects in product development 

from a hardware start-up due to makerspaces/ Maker Move-

ment Elements in general. 

The chance to further prompt the creation of scalable technol-

ogy start-ups is given when the right set of elements is pro-

vided within the ecosystem. 
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Tab.2  Overview of interviewed hardware entrepreneurs at Unternehmer-

TUM MakerSpace 

 

 

 

 

 

 

 

 

 

 

 

St
ar

t-
u

p
 A

St
ar

t-
u

p
 B

St
ar

t-
u

p
 C

St
ar

t-
u

p
 D

St
ar

t-
u

p
 E

St
ar

t-
u

p
 F

St
ar

t-
u

p
 G

St
ar

t-
u

p
 H

St
ar

t-
u

p
 I

St
ar

t-
u

p
 J

St
ar

t-
u

p
 K

St
ar

t-
u

p
 L

St
ar

t-
u

p
 M

Founded 2017 2014 2016 2017 2015 2017 2017 2015 2017 2017 2016 2015 2018

# Founders 4 3 6 4 3 3 2 2 2 3 2 1 2

Whom interviewed CEO CEO CTO COO CEO CTO CTO CTO ME CEO CEO CEO CEO

Gender m m m m m m m m m m m m m

Age 26-35 36-45 26-35 19-25 19-25 26-35 26-35 26-35 26-35 26-35 26-35 26-35 26-35

Product type HW&SW HW&SW HW&SW HW&SW HW&SW HW&SW HW&SW HW HW&SW HW&SW HW HW&SW HW

Product itself Smart mirror Laser cutter Robotic
Inventory 

tracking

Parking lot 

sensor

Autonomous 

driving

Automated 

juicer

Plastic 

templet

Lab 

equipment

Mobile self 

check-out 

system

reusable 

beerbottel

Retrofit kits 

for cars
Cabin luggage

Categorie IoT Production Production IoT IoT Agriculture IoT Med Tech Med Tech IoT Lifestyle Lifestyle Lifestyle

Current stage Startup Growth Seed Seed Seed Seed Seed Startup Seed Seed Seed Startup Seed

Customer B2B B2B, B2C B2B B2B B2B B2B B2B B2B B2B B2B B2B B2C B2C

Biggest challenges:

Product devleopment x x x x x x x x x

Product industrilsation x x

Cash flow & rasing capital x x x x x x

Growth x x x x x

Process/ internal organisation x x

Challenge in product development:

Technical problem solving x x x x x x x x x

Access to production 

infrastrukter
x x x

Completing in time x x x

Budget x x

Gain a competitve edge x

Managing customer 

expectations
x x

Makerspace 

experience & use

Woodshop, 

lasercutter, 

fdm, breakout 

boards

Metalshop, 

pick&place

Fdm, welding, 

small tools, 

water jet

Fdm, 

lasercutter, 

elctroncis, 

pick&place, 

vinyl cutter

Sls, electronic, 

cnc milling

Lasercutter, 

water jet, 

welding, 

metalshop, 

fdm, 

woodshop

Lasercutter, 

woodshop, 

metalshop, 

small tools

Heat forming, 

lasercutter, 

soldering

Lasercutter, 

woodshop, 

metalshop, 

fdm, sla, 

water jet

Fdm, sla, sls, 

lasercutter, 

electronics, 

milling

Lasercutter, 

fdm, sla, sls, 

cnc milling, 

woodshop

Lasercutter, 

soldering, 

pick&place 

Heat forming, 

woodshop, 

lasercutter

Main reason you choose to realize your project in a Makerspace:

Time x x x x x x x x

Available equipment x x x x x x

Costs x x x x x x x x

Knowhow x x

Community x x x x

Faster & more iterations x x x

Main restrictions you face in a Makerspace:

Course system & rules x x x x x x x

Loaction x x

Flexibility x x

Rentable project space x x x

Missing facilities & machines x x x x

Missing certificates x

How should Makerspaces 

support in the product 

development?

Experts & 

supplier 

network, 

easier to use 

machines

Prototype 

review 

seesion which 

industry 

experts

Supplier 

network

Showcases, 

supplier 

network, tools 

for mass 

production

More elctronic 

testing 

euqipment

Workshop of 

product 

devleopment 

methods, 

tools for mass 

production

Workshop of 

product 

devleopment 

methods, 

tools for mass 

production

Tools for mass 

production, 

experts 

network


