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Producing a copy 
of oneself, as Ultimaker 
blogger Martijn Elserman 
did, is just one potential 
application for 3-D printing.

THESE DAYS, 3-D PRINTING is big news.1 The use of 3-D printing and other related tech-

nologies is seen as having potentially transformative implications. “Just as the Web democratized 

innovation in bits, a new class of ‘rapid prototyping’ technologies, from 3-D printers to laser cutters, 

is democratizing innovation in atoms,” Wired magazine’s longtime editor-in-chief, Chris Anderson, 

stated in his new book Makers: The New Industrial Revolution.2 “A new digital revolution is coming, 

this time in fabrication,” MIT professor Neil Gershenfeld wrote in a recent issue of Foreign Affairs.3

But in addition to 3-D printing’s technological implications, recent evolutions in 3-D printing 

offer important management lessons for executives about the changing face of technological in-

novation — and what that means for businesses. In this article, we examine the rapid emergence of 

a movement called open-source 3-D printing and how it fits into a general trend toward open-

source innovation by collaborative online communities. We then discuss how existing companies 
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THE LEADING 
QUESTION
Is open 
source 
innovation a 
threat or an 
opportunity?

FINDINGS
 Collaborative user 
innovation is most 
likely to happen in 
three kinds of envi-
ronments.

 Existing companies 
have five possible 
responses.

 Proactive compa-
nies can take 
advantage of user-
improved designs.

When people in online user communities start collaboratively developing 
open-source innovations that have the potential to change an industry, 
how should the existing companies in the industry respond?
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can respond to open-source innovation if it occurs 

in their industry — and whether such collaborative 

innovation projects represent a threat or an oppor-

tunity for existing businesses.

Trends in 3-D Printing
Also known as “additive manufacturing” or “rapid pro-

totyping,” 3-D printing is the printing of solid, physical 

3-D objects. Unlike machining processes, which are 

subtractive in nature, 3-D printing systems join to-

gether raw materials to form an object. Drawing on a 

computer-aided design (CAD) file, the design for an 

object is first divided into paper-thin, cross-sectional 

slices, which are then each ‘printed’ out of liquid, pow-

der, plastic or metal materials in sequence until the 

entire object is created. The use of 3-D printing makes it 

possible to build physical models, prototypes, patterns, 

tooling components or production parts. Design and 

manufacturing organizations use it for product parts in 

the consumer, industrial, medical and military markets.

The longer-term implications of 3-D printing tech-

nologies are believed to be large.4 Direct advantages 

include enabling designers to operate more efficiently 

and conveniently. They can quickly prototype their 

designs in order to test their viability or demonstrate 

them. In addition, 3-D printing is increasingly used to 

manufacture products or parts in small batches that 

would be too costly for a traditional production line. 

Moreover, 3-D printing enables entirely new prod-

ucts to be developed. With layer-wise 3-D printing 

processes, many limitations of existing production 

processes are removed, allowing a wider range of de-

sign options. Widespread use of 3-D printing will 

also likely have implications for production, logistics 

and retail, since there will be less need to centrally 

fabricate products and distribute them if individuals 

can download and locally print a product’s design.

However, 3-D printing is not new. Industrial 

3-D printing manufacturers have been offering 

their products for more than 20 years now. Their 

machines were initially sold to larger R&D-based 

organizations that require high-quality objects and 

are able to afford a premium price. Currently, more 

than thirty 3-D printing companies around the 

globe offer a range of industrial 3-D printing sys-

tems drawing on various technologies. More 

expensive systems produce fine-grained metal and 

polymer parts, while simpler systems use plastics to 

create 3-D objects. In 2011, total industry revenues 

for industrial and professional purposes had grown 

to more than $1.7 billion, including both products 

and services. The industry’s compound annual 

growth rate has been 26.4% over its 24-year history, 

and double-digit growth rates are expected to con-

tinue until at least 2019.5

In terms of unit sales, Stratasys Ltd., which now 

has headquarters in both Eden Prairie, Minnesota 

and Rehovat, Israel, is the world market leader in 

3-D printing; Stratasys recently finalized a merger 

with Objet Ltd., an important producer at the higher 

end of the 3-D printing market. Another significant 

3-D printing supplier is 3D Systems Corp., based in 

Rock Hill, South Carolina, which  recently acquired a 

company known as Z Corp.6 Another major supplier 

is also EOS, based in Munich, Germany, a producer 

of higher-end 3-D printing systems. 

While early systems were mainly sold to large, mul-

tinational customers, 3-D printing manufacturers 

more recently started to focus on the lower end of the 

market, offering increasingly cheaper machines to 

make 3-D printing a viable option for small busi-

nesses, self-employed engineers and designers, 

schools and individual consumers. Indeed, 3-D print-

ing is expected to eventually become a mass market.7 

In the past two years, 3-D printers for home use 

have emerged on the scene. Not very long ago, no such 

product existed, but thousands of 3-D printers for 

home use are now being made annually by new startup 

companies. Five years ago, users started to collabora-

tively develop home printer designs and to share their 

open-source designs on the Web. This attracted new 

users, some of whom also made innovative contribu-

tions, and an open-source 3-D printing community 

soon developed. More recently, users started to found 

their own businesses, which are now commercializ-

ing open-source-based 3-D printers. 

How the 3-D Printing 
Market is Changing
Early 3-D printing systems were expensive — typi-

cally priced at $250,000 and more — and were 

designed for a limited market. Stratasys, for example, 

initially sold its products to major corporate cus-

tomers such as General Motors and Pratt & Whitney 

for use in those companies’ internal R&D processes. 

As their technologies evolved, 3-D printing compa-
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nies started to focus on the lower end of the market, 

and applications of 3-D printing for medical uses 

such as hearing aids and dental implants became 

more common. More recently, 3-D printing compa-

nies started to have success with systems priced at 

$10,000 to $30,000, making 3-D printing viable for 

schools and medium-sized enterprises. Stratasys 

also collaborates with traditional printing giant 

Hewlett-Packard Co., which is now selling Stratasys’s 

lower-end products as HP-branded machines. New 

companies are also forming to offer 3-D printing as a 

service. Shapeways Inc., for example, a spinoff of 

Dutch multinational Royal Philips Electronics, 

prints consumer designs using excess industrial 3-D 

printing capacity. Meanwhile, 3D Systems recently 

introduced its Cube, advertised as a home-use 3D 

printer, starting at $1,299.

The RepRap (replicating rapid prototyper) is an 

open-source home-use 3D printer whose popular-

ity has grown quickly in the past three years. Like 

Stratasys’s machines, the RepRap’s design revolves 

around a heated nozzle from which a fine filament 

of molten plastic is extruded. The nozzle is then 

moved in X,Y and Z dimensions by computer-

driven motors to successively create each layer of 

the object to be made. Since many of the RepRap’s 

parts are made from plastic, the machine can 

largely replicate itself, with a kit that anyone can 

assemble given time, materials and a minor invest-

ment, typically of about $400.

 The RepRap was created in 2005 by Adrian Bow-

yer, a lecturer in mechanical engineering at 

University of Bath in the United Kingdom. Bowyer 

envisioned a machine that would be owned and used 

by people to make things at home. Bowyer shared his 

design for free under the GNU general public 

license. In its first two years, the project did not re-

ceive much attention, but after early members of the 

RepRap community managed to self-replicate the 

machine, adoption began to take off in the summer 

of 2007. By mid-2010, the size of the RepRap com-

munity was estimated to be more than 3,800 

individuals and was estimated to be doubling every 

six months.8 More recently, in early 2012, an esti-

mate of the total number of RepRap machines, 

including derivative commercial kits, was 29,745.9 

Thousands of enthusiasts built copies of the Rep-

Rap for themselves and collaboratively improved 

Bowyer’s original designs. It did not take long for 

some members of the RepRap community to start 

selling commercial versions of the RepRap. By 2012, 

user-founded companies were shipping thousands 

of machines annually, at prices of $2,500 or less. 

These are mostly offered as kits that buyers need to 

put together themselves. Such printers are more 

standardized, thus offering more reliability but at the 

expense of some flexibility, and it still takes an effort 

to get a RepRap operational. In the past year, how-

ever, user-founded companies started to offer fully 

assembled home-use 3-D printing systems. Exam-

ples of user-founded companies include Bits From 

Bytes, based in Clevedon, United Kingdom; Maker-

bot Industries, based in Brooklyn, New York; and 

Ultimaking Ltd., based in Geldermalsen, the Nether-

lands. (Ultimaking plans to change its name to 

Ultimaker soon.) 

All three companies were founded by active 

RepRap community members who stepped into 

the lower-end market segment of 3-D printing, 

serving individual designers, artists, inventors and 

students. These open-source printers represent an 

incipient challenge to existing 3-D printer compa-

nies at the low end of the market. In response, 3D 

Systems, for example, acquired Bits From Bytes and 

Botmill, another user-founded business. 3D Sys-

tems also recently introducing a fully assembled 

Cube 3-D printer to serve individual end users. 

Innovation by User Communities
The rapid growth of open-source 3-D printing is a 

typical example of the broader and emerging phe-

nomenon of open collaborative innovation. An 

open collaborative innovation project involves 

contributors who share the work of generating a 

design and also reveal the outputs from their indi-

vidual and collective design efforts openly for 

anyone to use. Contributors to such open-source 

projects typically contribute for personal need, en-

joyment and/or reputational gains, to help others 

or to develop their skills. 

While open-source communities are probably 

best known for software development, they are by no 

means restricted to software or even information 

products; as the RepRap community demonstrates, 

such communities are also viable for developing 

physical products. Moreover, innovation by user 

Makerbot, cofounded by 
Bre Pettis, produces The 
Replicator 2, a low-cost 
commercial version of the 
original open-source 
home-use 3-D printers.
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communities may be expected to increasingly com-

pete with and, in some cases, displace corporate 

innovation in many parts of the economy. This shift 

is driven by new technologies — the transition to in-

creasingly digitized and modularized design and 

production practices, coupled with the availability 

of very-low-cost, Internet-based communication — 

and a general trend toward better-educated citizens 

capable of engaging in innovation activities.10

Key questions for innovation-oriented compa-

nies then become: 

1.  Under what circumstances are companies most 

likely to see innovation by user communities? 

2.  Does user innovation pose a threat or opportu-

nity for our company? 

3.  How can we respond — and how can generally 

useful innovations be identified from user com-

munities?

Anything that can be cost-justified for develop-

ment by a user collaborative and that does not 

involve significant economies of scale in replication 

and diffusion is theoretically a candidate for open 

collaborative innovation and diffusion. Such col-

laborative innovation is more likely to happen in 

three types of environments: nascent industries, 

industries where some potential users are not yet 

served and industries where some users are not 

served adequately.

Type 1: Nascent Industries A lot of innovation ac-

tivity by users takes place in emerging new industries, 

when commercial markets do not yet exist or are still 

too small and uncertain to attract established com-

panies. User communities may innovate and use 

new products prior to commercial production. The 

Wright brothers, for example, developed aircraft for 

personal need rather than anticipated commercial 

benefits. They were representatives of a worldwide 

community of aviation pioneers seeking after the 

“holy grail” of controlled flight, while commercial 

aviation companies emerged only later.11 Similar 

patterns have been witnessed in new sports such as 

kitesurfing, snowboarding and whitewater kayaking. 

Initially, users may justify their investments based on 

expected personal benefits, while commercial man-

ufacturers must be concerned about a larger market 

potential upon which their profits depend. This 

uncertainty is reduced after a period of use and 

experimentation by early users. Accordingly, a com-

mon pattern of industry emergence is that users first 

innovate on their own, somewhat later in communi-

ties, while commercial production is seen only later, 

when demand is more certain.12 

In the earliest days of 3-D printing, users were 

influential sources of innovation, too. While some 

incumbent 3-D manufacturers are academic spi-

noffs, Stratasys was founded by Scott Crump after 

he tried to make a toy frog for his young daughter 

using a glue gun loaded with a mixture of polyeth-

ylene and candle wax. His idea was to create the 

shape layer by layer. This triggered him to automate 

the process and invent the technology that became 

the heart of Stratasys’s products.13

Type 2: Existing Industries, Where Some Poten-

tial Users Are Not Yet Served After a new industry 

emerges, user communities can still be influential. 

The second type of industry in which this is the case is 

those in which some potential users are not yet 

served. This situation applies to products that are tar-

geted initially toward high-end users able to 

afford the high prices necessary to overcome initial 

investment costs. For example, early cell phones were 

too expensive for a mass market and were mainly 

used by mobile professionals such as doctors; mass-

market products were introduced and sold only later. 

Many high-technology industries, after their incep-

tion, can be characterized by a sequence in which 

only big customers are initially served — think of 

governments and multinational corporations. 

Medium-sized and small organizations follow later, 

and individual end consumers are served last, after 

the technology has sufficiently matured.14 

In such instances, user communities may emerge 

building their own versions of high-end products 

before a consumer version of the technology is 

widely available commercially. In particular, indi-

vidual end users may collaborate to develop 

do-it-yourself personal products that are still 

insufficiently affordable for an individual. Such 

communities are most likely to form in the case of 

hobbyist products — when use provides enjoyment 

as opposed to providing pure economic benefit, 

and with significant lifestyle benefits. Beyond engag-

ing in communities, hobbyist users are also more 

likely to found businesses to commercialize their 

User-founded 3-D printing 
businesses regularly 
incorporate community 
innovations in their newest 
releases.
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inventions. Typically, they launch undertakings that 

might be viewed as costs, but which they consider 

fun and in line with their personal needs.15

The case of 3-D printing is an example of this 

type of industry. Commercial 3-D printers have 

been available for commercial purposes for 20 

years, but the systems available for many years were 

expensive and mainly focused on high-end corpo-

rate customers. More recently, cheaper systems 

have made 3-D printing viable for basically all 

industrial users, but individual consumers had to  

create their own machines because low-end 

machines were still comparatively unaffordable. In 

effect, the RepRap community and its commercial 

spinoffs have jumped into the gap at the bottom of 

the market.  

Type 3: Existing Industries, Where Some Users 

Are Not Adequately Served Another environment 

in which open-source innovation is likely is when 

commercial products have limited variety and are, in 

effect, one-size-fits-all. Manufacturers tend to follow 

product development strategies to meet the needs of 

homogenous market segments. They are motivated 

by perceived opportunities to serve sufficiently large 

numbers of users to justify their innovation invest-

ments, but this potentially leaves some users 

dissatisfied with the commercial products on the 

market. Especially when demand is heterogeneous, 

many users may not get precisely what they want, and 

some of them will be motivated to modify the prod-

uct or spend time and money to develop a home-built 

version that exactly satisfies their needs.16 A well-

known historical example of this phenomenon was 

the Model T Ford, which was produced and sold in 

only one type. Users engaged in massive modification 

activities to make this car a better match with their 

personal needs. In fact, Model Ts were modified to 

form both snowmobiles and tractors, and these 

modifications were sold as do-it-yourself kits at the 

time.

Note that manufacturers may have good reasons 

not to invest in tailor-made products. User seg-

ments may be too small for commercial viability, 

or companies may just overlook an opportunity if 

it’s not easy to spot. Nevertheless, industries char-

acterized by heterogeneous customer preferences 

and many peripheral segments are more likely to 

contain innovative user communities and busi-

nesses founded by former consumers.17

Opportunity or Threat?
Innovative user communities do not necessarily 

pose a threat to existing companies already doing 

business in an industry. In nascent industries, user 

communities, in effect, reveal features commercial 

products are still lacking, and proactive companies 

with relevant capabilities and/or similar products 

may take advantage of this and step in. In existing 

industries, users may also develop complementary 

innovations that increase the value of an existing 

manufacturer’s current products. Both potential 

roles of innovating user communities are discussed 

next.18 

Competing Innovations User communities may 

develop direct alternatives to the products of exist-

ing companies that are cheaper or more suitable to 

their personal needs. Such innovation alternatives 

are more likely (but not necessarily or exclusively) 

found in industries in which some potential users 

are not yet served. As real-life examples such as 

Linux demonstrate, the existence of user-devel-

oped competitive innovations does not imply that 

existing companies in the industry will be wiped 

out. Potential users of the product developed by the 

user community may face high adoption costs, so 

that a product ends up being available either via a 

peer-to-peer channel (in other words, through a 

user community freely revealing a design) or the 

traditional marketplace (in other words, through 

companies with commercial offerings). 

The current situation in 3-D printing is an exam-

ple of this dynamic. It takes time, skills and effort to 

build a RepRap, and the self-assembled printer typi-

cally breaks down from time to time. Printer kits 

sold by user-founded businesses are better in this re-

spect but still require skills to build and maintain, so 

some users prefer a traditional commercial product 

made by an established business.

The presence of competitive user-developed 

innovations has two types of implications for exist-

ing companies in that industry.19 On the one hand, 

such innovations decrease users’ willingness to pay 

for a commercial product, so price discipline is im-

posed on existing companies. Not surprisingly, we 
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currently see that existing 3-D printing manufactur-

ers are offering their products at increasingly lower 

prices. On the other hand, existing companies may 

benefit from user-developed competing innovations 

that are potentially commercially attractive. These 

innovations identify what is currently missing in 

commercial products, and companies may just 

adopt these designs and further improve them to 

offer better products, realize cost savings and so on. 

Thus, innovating users are a source of free ideas and 

prototypes that can enhance a company’s offerings. 

Complementary Innovations User communities 

can also create products that are essential or useful 

complements to existing companies’ offerings. In such 

cases, user communities may well increase existing 

companies’ profit potential. Complementary inno-

vations are more often found in industries where 

some users are not adequately served. For example, 

toolkits were sold to modify a Model T Ford into a 

tractor, and this enhanced Ford’s revenues. 

Complementary innovations by user communities 

are found in 3-D printing, too. The 3-D printing user 

community, for example, delivers content for Thingi-

verse, a community website that allows anyone to post 

his or her CAD designs, which other users can then 

download, modify and print. Likewise, users have de-

veloped easy-to-use CAD modeling software, which 

has been further refined by user-founded businesses. 

While early RepRap enthusiasts needed to master pro-

fessional CAD software, today they can generate input 

data by medical scanners, entertainment software and 

simple drawing and sketching programs. These com-

plementary tools have increased the general value of 

lower-end 3-D printers to consumers — regardless of 

whether those 3-D printers are open-source or based 

on a manufacturer’s proprietary design.

Five Ways Existing Companies 
Can Respond
To respond to innovative user communities, existing 

companies have a range of options, and they may be 

applied in parallel. Five strategic responses include: 

(1) monitor, (2) attack, (3) adopt, (4)  acquire, and 

(5) facilitate.20 

1
Monitor Whatever the industry, it never hurts 

an existing company to keep track of what user 

communities are doing — so that one can react or 

appropriate what is observed. Close monitoring 

enables existing companies to make more accurate 

sales forecasts and optimize their supply strategies. 

In 3-D printing, for example, lower-end manufac-

turers keep track of how the RepRap and derivative 

commercial machines are evolving, and most of 

them have employees who build these machines, 

either as part of their jobs or in their leisure time. 

If user communities develop potentially competi-

tive products, existing manufacturers should be 

concerned with understanding users’ adoption costs 

and the size and growth of the do-it-yourself commu-

nity, which need to be accounted for in their own 

pricing strategies. Moreover, user communities’ 

innovation activities may inform existing manufac-

turers about their own products’ weaknesses, which 

they can then address in subsequent product develop-

ment and product improvement.

To monitor user innovation effectively, companies 

need to be able to identify users who are innovating. 

What’s more, because prior research has found that 

the majority of consumer innovations are not ad-

ABOUT THE RESEARCH
Drawing on the authors’ combination of substantial experience studying user innova-
tion and direct access to the 3-D open-source printing community, we conducted a 
Web survey of members of the RepRap open-source 3-D printing community. This 
survey was announced and distributed in collaboration with the RepRap core devel-
opment team. Over three weeks, 892 individuals around the world had checked the 
survey’s introductory page, and 384 of those completed the questionnaire. 

The survey entailed three sections. First, we asked for respondents’ general char-
acteristics, including experience with open-source 3-D printing, education, technical 
skills, personal contacts with other members, time spent on 3-D printing and the allo-
cation of that time. Next, we asked if respondents had created an innovation with 
respect to RepRap’s hardware or software. If yes, a detailed innovation description 
was obtained, which we used to screen out cases that were in fact without functional 
novelty. After the screening process, we ended up with 202 respondents who had in-
novated, and those respondents reported on a total of 246 innovations. (Some 
community members had reported more than one innovation.)

Finally, we followed up with specific questions about these innovations, including 
whether the innovation was developed in collaboration with other members, how 
much had been invested, if the respondent had freely revealed his or her innovation and 
if s/he considered the innovation easy to adopt. (Some examples required advanced 
skills in mechanical engineering, software programming, design or tooling.) A key ques-
tion in this section was if the respondent knew any other members who had adopted 
the innovation — something that was true for 28% of the validated innovations. 

Our analysis then focused on identifying key determinants of innovation and diffu-
sion. Simple tests of significant differences were done to explore what makes 
RepRap members innovate and what factors affect whether their innovations are 
adopted by others. Finally, we estimated a probit selection model to simultaneously 
estimate the determinants of innovation and diffusion — a more robust analysis to 
find out which characteristics make innovations valuable to others.
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opted by others,21 companies need rules of thumb to 

identify which user innovations have the most poten-

tial to be seen as useful by others and spread.

In the RepRap community, many innovations are 

developed, but only a few prove generally useful and are 

therefore picked up by many other community mem-

bers. To explore the determinants of innovation and its 

diffusion in this community, we organized a Web sur-

vey. (See “About the Research,” p. 48.) We identified 

rules of thumb regarding what kinds of community 

members are likely to innovate and which of their in-

novations are most likely to be adopted by others.

We found that RepRap community members are 

more likely to innovate the more they are experienced 

with building 3-D printers, maintain face-to-face 

contact with other community members and focus 

their 3-D printing time on developing improvements. 

Innovators also report that they have better technical 

skills; they spend more time on 3-D printers overall 

but are less likely than other community members to 

spend time on building or fixing their machine. (See 

“Who Innovates in Open-Source 3-D Printing?”) In 

other words, experienced “village elders” who are 

well-connected to other members are more likely to 

innovate than the average RepRap community mem-

ber.22 They are more familiar with the technology and 

probably also more expert than newbies, and they 

may enjoy better access to information that can be 

recombined to create an innovation. 

But not all user innovations are alike. Some inno-

vations are adopted by other community members, 

and those are likely to be of most interest to existing 

companies, because they have already demonstrated 

some general appeal. Our survey found that, in the 

RepRap community, innovations are more likely to be 

adopted by other community members if they are 

freely revealed by the innovators, are easy to adopt 

and are concerned with software rather than hard-

ware. (See “When Do Innovations in Open-Source 

3-D Printing Spread?” p. 51.) Innovations are also 

more likely to spread if they are developed by mem-

bers who are well connected within the community 

and who allocate more of their 3-D printing time to 

printing objects and/or using their printers. 

WHO INNOVATES IN OPEN-SOURCE 3-D PRINTING?
Our research found that members of the RepRap open-source 3-D printing community are more likely to innovate the more they are experi-
enced with building 3-D printers, maintain personal contact with other community members and focus their 3-D printing time on developing 
improvements. In other words, experienced “village elders” who are well-connected to other members are more likely to innovate than the 
average RepRap community member.

CHARACTERISTICS OF COMMUNITY MEMBERS 

INNOVATES?

SIGNIFICANCE*

NO 

(sample of 182)

YES 

(sample of 202)

Experience in open-source 3-D printing, in years 0.5 1.2 ++

Advanced degree (master’s or Ph.D. degree) 29% 25% o

Technical skills (in mechanical systems, CAD, rapid prototyping systems and 
tooling; 1 = rookie; 4 = expert)

2.2 2.4 +

Personal contact with … other members 
(number of members met face-to-face in past 3 months)

1.8 2.7 ++

Time spent on 3-D printing, in hours per week 8.4 12.2 +

Division of time:

•Build/fix 3-D printers 54% 41% +

•Use 3-D printers/print objects 16% 17% o

•Develop improvements/ innovating 9% 20% ++

•Help other community members 7% 10% o

•Learn/improve personal skills 14% 12% o

100% 100%

* o indicates no significant relationship with innovation
+ indicates significant relationship with innovation at 5% level
++ indicates significant relationship at 5% level when other variables are controlled for
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Those users who spend much time trying to 

innovate are, not surprisingly, more likely to inno-

vate, but interestingly, their innovations do not 

have a better chance of being adopted by others. 

Simultaneously, those spending their time using 

the machine are not more likely to innovate, but if 

they do, their innovations are more likely to be 

picked up by other users. 

2
Attack Another strategy existing companies 

may consider is attacking innovating user com-

munities, which might seem viable in cases where 

users infringe upon a company’s patents. In some in-

stances, such a response makes sense — for example, 

if users modify a company’s product in an undesired 

way, such as to create a weapon. In general, however, 

bringing individual users to court is not likely to be 

effective. While direct competitors can be sued, fight-

ing thousands of individuals around the globe is 

usually impractical, not beneficial in terms of reve-

nues and potentially harmful to the company’s 

reputation among customers. Attacking users may 

well escalate into a conflict in which users appeal to 

higher principles and inflict substantial damage.23 In 

3-D printing, system manufacturers have so far re-

frained from bringing individual user community 

members to court.  This might change if user-founded 

companies become increasingly competitive, or set a 

new industry standard, but existing manufacturers 

should still be aware of potential negative reactions.24

3
Adopt In some instances, companies will want 

to adopt or copy the technologies, methods or 

improvements developed by user communities. 

These can generally be obtained for free, as many 

innovators in user communities do not protect 

their contributions with patents. In 3-D printing, 

incorporating community innovations is an al-

most routine practice. For example, Delta Micro 

Factory Corp., based in Beijing, China, introduced 

an extrusion-based portable printer called UP! at 

the lower end of the market which incorporates 

some of the innovations developed by the RepRap 

community. Likewise, user-founded businesses like 

Makerbot and Ultimaking still intensively collabo-

rate with the communities from which they 

emerged, regularly incorporating community in-

novations in their newest releases.

4
Acquire Companies may absorb relevant 

knowledge and skills from user communities 

via individuals in the community. Key community 

members may be recruited to join a company and/or 

accept to collaborate with a company. Existing com-

panies may also acquire startups founded by 

community members in order to get a foothold in an 

emerging market. Such initiatives make particular 

sense when user communities develop innovations 

that could compete with a company’s products. In 

3-D printing, some existing system manufacturers 

have engaged in quite proactive acquisition behav-

iors. For example, 3D Systems bought the 

user-founded venture Bits From Bytes in October 

2010. As Bits From Bytes offers low-cost, extrusion-

based systems based on the RepRap design, this gave 

3D Systems a foothold in the hobbyist and educa-

tional marketplace. In addition, 3D Systems has been 

active in acquiring service providers.25  

5
Facilitate Existing companies may also seek to 

influence the direction and nature of the efforts 

of user communities. This option may make partic-

ular sense when communities develop innovations 

that are complementary to, rather than competitive 

with, a company’s existing products. The more indi-

viduals are able to contribute and use these 

complements, the more customers there will be for 

the company’s own commercial products. Accord-

ingly, companies may want to stimulate the 

emergence of such user communities and facilitate 

their innovation and sharing activities. This can be 

done by methods such as online toolkits that facili-

tate user innovation and product modification, 

contests and awards, or sponsoring websites or key 

community members’ contributions. 

When companies try to influence user communi-

ties, they first need to understand why community 

members participate in the community. LEGO’s expe-

rience with its user communities, for example, suggests 

that companies should not just focus on getting a job 

done, but rather recognize that users’ needs are differ-

ent from those of employees, and intrinsic rewards 

(recognition, social bonding, fun) generally may be 

more helpful than money in motivating users. More-

over, community members often do not like intellectual 

property protection. The potential tension is that a 

company often would prefer that users freely provide 
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their ideas, prototypes and/or solutions for feedback 

and further improvement by the company, but on the 

other hand, the company would like to keep knowledge 

within its own doors in order to protect it.26 

What’s Next?
The emergence of open-source 3D printers illus-

trates how quickly high-tech markets can be changed 

by innovative, collaborative users and the companies 

they form. And, as the  case of 3-D printing shows, 

emerging user communities offer lots of opportuni-

ties to existing producers — as well as competition. 

What’s more, we believe that innovation by user 

communities will be increasingly seen in more 

industries in the future. This is due to several exoge-

nous trends, including increased understanding of 

modular design practices, decreasing design and col-

laboration costs thanks to cheaper and more capable 

computerized design tools, decreasing communica-

tion costs thanks to the Internet, and increasingly 

better educated populations of citizens across the 

globe. These same advances also diminish the costs of 

innovation diffused via peer-to-peer networks. In-

deed, these factors are all drivers behind the 

emergence of open-source 3D printing, but they will 

also affect other industries in the future. Smart com-

panies should start rethinking their innovation 

management practices accordingly.

WHEN DO INNOVATIONS IN OPEN-SOURCE 3-D PRINTING SPREAD?
Our survey found that, in the RepRap 3-D printing community, innovations were more likely to be adopted by other community members 
if they were freely revealed by the innovators, were easy to adopt and were software innovations rather than hardware innovations. 
Innovations were also more likely to spread if they were developed by members who are well-connected within the community and who 
allocated more of their 3-D printing time to printing objects and/or using their printers.

CHARACTERISTICS OF THE INNOVATOR

DIFFUSION OF INNOVATION?

SIGNIFICANCE*

NO 

(sample of 177)

YES 

(sample of 69)

Experience in open-source 3-D printing, in years 1.1 2.0 +

Advanced degree (master’s or Ph.D. degree) 23% 26% o

Technical skills (in mechanical systems, CAD, rapid prototyping systems and 
tooling; 1 = rookie; 4 = expert)

2.4 2.5 o

Personal contact with … other members 
(number of members met face-to-face in past 3 months)

2.0 6.0 ++

Time spent on 3-D printing, in hours per week 11.5 15.7 +

Division of time:

•Build/fix 3-D printers 44% 28% +

•Use 3-D printers/print objects 14% 24% ++

•Develop improvements/ innovating 20% 24% o

 •Help other community members 8% 14% +

•Learn/improve personal skills 14% 10% o

100% 100%

CHARACTERISTICS OF THE INNOVATION

Concerned with hardware (versus software) 69% 58% ++

Developed in collaboration with other members 27% 45% +

Time investment, in days 28.3 32.4 o

Money investment, in dollars 112.0 101.6 o

Was freely revealed (for example, via blog or wiki) 44% 83% ++

Is easy to adopt (according to innovator) 20% 33% ++

* o indicates no significant relationship with innovation diffusion
+ indicates significant relationship with innovation diffusion at 5% level
++ indicates significant relationship with innovation diffusion at 5% level when other variables are controlled for

www.sloanreview.mit.edu


52   MIT SLOAN MANAGEMENT REVIEW   WINTER 2013 SLOANREVIEW.MIT.EDU

I N N O VAT I O N

Jeroen P.J. de Jong is an associate professor of stra-
tegic management and entrepreneurship at 
Rotterdam School of Management, Erasmus Univer-
sity in Rotterdam, the Netherlands. Erik de Bruijn is a 
cofounder of Ultimaking Ltd., a startup in Gelder-
malsen, the Netherlands that manufactures 
Ultimaker 3-D printers. He is a member of the RepRap 
core development team. Comment on this article at 
http://sloanreview.mit.edu/x/54212, or contact the 
authors at smrfeedback@mit.edu.

ACKNOWLEDGMENTS

The authors thank Eric von Hippel of the MIT Sloan School 
of Management for useful advice and suggestions while 
developing their research. The survey was financially sup-
ported by the SME and Entrepreneurship research 
program, which is conducted by Panteia/EIM in Zoeter-
meer, the Netherlands. 

REFERENCES

1. In newspapers and magazines, 3-D printing has been 
described enthusiastically as everything from “the tech-
nology that could re-shape the world” to “one that is 
about to transform every single aspect of our lives.” See, 
for example, S. Richmond, “3D Printing: The Technology 
That Could Re-Shape the World,” The Telegraph, July 28, 
2011; and H. Lipson, “3D Printing: The Technology That 
Changes Everything,” New Scientist, July 30, 2011, p. 20.

2. C. Anderson, “Makers: The New Industrial Revolution” 
(New York: Crown Business, 2012): 14.

3. N. Gershenfeld, “How to Make Almost Anything: The 
Digital Fabrication Revolution,” Foreign Affairs 91, no. 6 
(November-December 2012): 43-57.

4. T.T. Wohlers, “Wohlers Report 2012: Additive Manu-
facturing and 3D Printing State of the Industry, Annual 
Worldwide Progress Report” (Fort Collins, Colorado: 
Wohlers Associates, 2012). This annual report elaborates 
substantially on the 3-D printing industry, technologies 
and trends.

5. Ibid., p. 125 and 131.

6. Ibid., p. 133. See also “Stratasys and Objet Complete 
Merger,” Stratasys press release, December 3, 2012, 
http://investors.stratasys.com/releasedetail.
cfm?ReleaseID=724378.

7. Ibid., p. 65 and 256.

8. E. de Bruijn, “On the Viability of the Open Source De-
velopment Model for the Design of Physical Objects: 
Lessons Learned From the RepRap Project” (master’s 
thesis, Tilburg University, 2010).

9. Wohlers, “Wohlers Report 2012,” p. 137.

10. C. Baldwin and E. von Hippel, “Modeling a Paradigm 
Shift: From Producer Innovation to User and Open Collab-
orative Innovation,” Organization Science 22, no. 6 
(November-December 2011): 1399-1417.

11. P.B. Meyer, “Open Technology and the Early Airplane 
Industry” (presented at the Economic History Association 
2012 Annual Meeting, Vancouver, Canada, Sept. 21-23, 
2012).

12. E. von Hippel, S. Ogawa and J.P.J. de Jong, “The Age 
of the Consumer-Innovator,” MIT Sloan Management Re-
view 53, no. 1 (fall 2011): 27-35. 

13. See www.fundinguniverse.com/company-histories/
stratasys-inc-history.

14. A. Afuah, “Innovation Management: Strategies, Im-
plementation, and Profits,” (Oxford: Oxford University 
Press, 2003).

15. S.K. Shah and M. Tripsas, “The Accidental Entrepre-
neur: The Emergent and Collective Process of User 
Entrepreneurship,” Strategic Entrepreneurship Journal 1, 
no.1 (November 2007): 123-140.

16. E. von Hippel, “Democratizing Innovation” (Cam-
bridge, Massachusetts: MIT Press, 2005).

17. For an extensive discussion, see Shah and Tripsas, 
“The Accidental Entrepreneur.”

18. Industries can be characterized as user-contested 
and/or user-complemented markets. The nature and mi-
croeconomic effects of innovating users in both types of 
markets are discussed by C. Raasch and E. von Hippel, 
“Modeling Interactions Between User and Producer 
Innovation: User-contested and User-complemented 
Markets,” working paper (June 2012). See http://ssrn.
com/abstract=2079763.

19. For a detailed discussion, see Raasch and von Hippel, 
“Modeling Interactions.”

20. These strategies were partly identified by S. Flowers, 
“Harnessing the Hackers: The Emergence and Exploita-
tion of Outlaw Innovation,” Research Policy 37, no. 2 
(March 2008): 177-193.

21. See von Hippel, Ogawa and de Jong, “The Age of the 
Consumer-Innovator.”

22. A similar finding was reported by L. Dahlander and L. 
Frederiksen, “The Core and Cosmopolitans: A Relational 
View of Innovation in User Communities, ” Organization 
Science 23, no. 4 (July-August 2012): 988-1007.

23. E. Mollick, “Tapping into the Underground,” MIT 
Sloan Management Review 46, no.4 (Summer 2005): 
21-24.

24. 3D Systems recently sued Formlabs, a new venture 
offering  a home use system printing high-resolution 
metal parts. See www.3ders.org/articles/20121121-3d-
systems-files-patent-infringement-lawsuit-against-
formlabs-and-kickstarter.html. Although Formlabs did 
not originate from the RepRap community, the case is 
also marked by negative responses from home users: 
see http://lucept.com/2012/11/24/3d-systems-suing-
kickstarter/,  accessed on November 28, 2012.

25. See Wohlers, “Wohlers Report 2012,” p. 118.

26. Y.M. Antorini, A.M. Muñiz and T. Askildsen, “Collabo-
rating With Customer Communities: Lessons From the 
Lego Group,” MIT Sloan Management Review 53, no. 3 
(spring 2012): 73-79.

Reprint 54212. 

Copyright © Massachusetts Institute of Technology, 2013. 

All rights reserved.

www.sloanreview.mit.edu
http://investors.stratasys.com/releasedetail.cfm?ReleaseID=724378
www.fundinguniverse.com/company-histories/stratasys-inc-history
http://ssrn.com/abstract=2079763
www.3ders.org/articles/20121121-3d-systems-files-patent-infringement-lawsuit-against-formlabs-and-kickstarter.html
http://lucept.com/2012/11/24/3d-systems-suing-kickstarter/


PDFs ■ Reprints ■ Permission to Copy ■ Back Issues

Articles published in MIT Sloan Management Review are
copyrighted by the Massachusetts Institute of Technology 
unless otherwise specified at the end of an article.

MIT Sloan Management Review articles, permissions, 
and back issues can be purchased on our Web site: 
sloanreview.mit.edu or you may order through our 
Business Service Center (9 a.m.-5 p.m. ET) at the 
phone numbers listed below. Paper reprints are 
available in quantities of 250 or more.

To reproduce or transmit one or more MIT Sloan 
Management Review articles by electronic or 
mechanical means (including photocopying or archiving 
in any information storage or retrieval system) requires 
written permission. 
To request permission, use our Web site: 
sloanreview.mit.edu),
or 
E-mail: smr-help@mit.edu 
Call (US and International):617-253-7170
Fax: 617-258-9739

Posting of full-text SMR articles on publicly accessible
Internet sites is prohibited. To obtain permission to post
articles on secure and/or password-protected intranet sites, 
e-mail your request to smr-help@mit.edu.

Customer Service
MIT Sloan Management Review
238 Main Street E48-570
Cambridge, MA 02142


