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Abstract 

Open Source Hardware (OSHW) is a concept where hardware designs are shared for 

everyone to use, modify and build upon. This have become a widespread phenomenon in 

the microcontroller industry and created an ecosystem where users and companies 

produce various “derivatives” or alternative designs based on existing OSHW.  

This research explores this phenomenon of derivative development between users and 

producers and how this affects innovation, by exploring three case studies of user 

developed derivatives and interviews with producers and various people with OSHW 

background. This thesis found that this ecosystem to be dependent on Open Source and 

leverages the interest of users motivation to innovate and producer support.  Furthermore, 

eight different factor were discovered that derivative development affecting innovation. 

(1) Openness & Transparency allows the user to innovate without fearing consequences 

of IP infringement and establishing trust. The transparency also increases the chances for 

the users to become innovators, as it facilitates the understanding of products, through the 

documentations and information sharing. (2) Support from producers facilitates users’ 

ability to design and innovate and was found crucial for the emergence of derivative 

designs. (3) Amplified Motivation through personal interest has a high impact in the 

innovation of open microcontrollers. (4) Market diffusion through low-cost ways of 

sharing and diffusing designs. (5) Market expansion increasing the number of derivative 

development can affect the resources used by producers in their development process. (6) 

Product improvements are affected, because of the vast feedback provided by the 

community, which can lead to through the discovery of usage in fields, product 

functionality. This increases the quality of the product and allows OSHW producers to 

stay competitive. (7) Collaboration can affect innovation by the collaborations with 

derivative projects and businesses. (8) Brand and Marketing is affecting by the number of 

users that use producers’ products for user-innovators development of derivative designs.  
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1 Introduction  
The purpose of this chapter is to provide a background on Open Source Hardware and 

clarify the purpose of the research.  

1.1 Background  

Open Source Software (OSS) is a concept that stirred the software industry at its core and 

changed it forever (Lock, 2013). The underlying idea is simple, why reinvent the wheel 

when it already exists?  

In OSS software is distributed together with its source code, allowing anyone to modify it 

and redistribute it, literally giving away work for free. This same idea of Open Source has 

now spread to the world of tangible products in what is called Open Source Hardware 

(OSHW). Product blueprints and design files are being publicly shared and the right to 

copy and reuse belong to everyone. Old notions of Intellectual property are being 

challenged, new ways of doing business are being explored and ideas and innovations are 

flowing in and out of companies in a truly open way (OSHWA, 2015).  

As Open Source Hardware is a relatively new and unexplored area, companies that use it 

are few and far between (Huang, 2015), but there are some truly noteworthy. Facebook 

initiated the Open Compute project together with, Apple, Cisco and Juniper network. A 

project where specifications and drawings for servers, storage and data centre technology 

are being openly shared with the stated mission to enable the delivery of the most 

efficient data centres in the world. They believe that openly sharing ideas, designs and 

intellectual property is the key to maximizing innovation, and claim that their data centre 

has become one of the most energy efficient centres in the world as a result of the open 

compute program (Open Compute project, 2011).  

OSVehicle has developed an open hardware platform for vehicles.  They share plans and 

blueprints for their electrical vehicle TABBY and encourage users to use and improve the 

designs. They do this to enable a market made of infinite niches, products and services in 

the transportation industry (OSVehicle, 2015). 
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However, the concept of OSHW has had the largest spread in the microcontroller 

industry with companies like Arduino and Sparkfun. Arduino were the real pioneers of 

OSHW. They create microcontroller boards and publicly share all designs and software. 

Makers and companies’ worldwide use and alter these designs to create microcontroller 

boards tailored for their specific need. These boards that are derived from the Arduino 

design but offer new layout and features are called derivatives (Benzi, 2013).  

The existing research in OSHW has found the development of derivatives to be one of 

the major differences between Open Source Hardware and Software, mainly due to the 

practical differences between hardware and software (Mellis & Buechley, 2012). Since 

the Open Source concept has seen many success stories in the software industry with 

examples like Apache, the most used web server software in the world (Netcraft, 2014), 

Android, the most used operating system for smart phones in the world (Edward, 2014) 

and Google Chrome, the second most used web browser in the world (Leather, 2014) the 

question how the derivative development affect innovation in OSHW seems highly 

relevant.  

1.2 Problem Formulation  

OSS has been hugely successful and accelerated the innovation in the software industry. 

The adoption of OSHW is increasing but there are a number of practical differences 

compared to OSS (Lock 2013). One effect of this has been that OSHW projects are more 

isolated with fewer people working on each project. Hence there are many small projects 

with different directions rather than one big collaborative project as is normally seen in 

OSS. The effect of this is a new ecosystem where individuals generate multiple 

derivatives through existing OSHW, with different functions rather than improving one 

specific device (Mellis & Buechley, 2012). An example of this is the ecosystem that has 

been built around Arduino – an OSHW company that produces and sells 

microcontrollers. As a result users have developed a number of derivative products based 

on the Arduino microcontrollers (Benzi 2013). Three examples of derivative 

microcontrollers are Quirkbot, Nanode and Picoduino. These derivative designs have 

different features developed for different reasons. Quirkbot is a microcontroller aimed for 

children to create robots together with drinking straws. Nanode is a microcontroller 
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differently produced to lower the cost for manufacturing. Picoduino was established to 

create a microcontroller as small as possible. Even though OSHW is growing, there has 

been little research done on theses ecosystems between companies and users and how this 

affect innovation.  

1.3 Research purpose and Research Questions  

To contribute with further understanding on how the derivative development in Open 

Source Hardware affects innovation, this research explores three examples of user 

developed derivatives based on Arduino; Quirkbot, Nanode and Picoduino. To gain 

understanding of this phenomenon the following research questions are investigated: 

1. What factors encourage users of the OSHW movement to develop derivative 

designs? 

2. How do derivative designs affect producers of OSHW? 

1.4 Limitations and delimitations 

The research is delimited to Arduino and its derivatives. The choice to investigate 

Arduino derivatives is based of several reasons. First of all previous research in OSHW is 

focused around Arduino and embedded electronics. Since we build our research upon this 

we also focus on the Arduino universe. Secondly Arduino is by far the most used and re-

used Open Source Hardware device, making it the most accessible source of cases and 

people.  

 

There have been a number of limitations in the research. First of all, previous research 

and academic literature about OSHW is very limited. Secondly the access to suitable 

cases and participants are also limited. This is because of the novelty and small spread of 

OSHW. Ideally there would have been a bigger sample of creators.   
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1.5 Implications for sustainable development 

There is three main categorize in sustainability; environmental, economic and social 

sustainability (Epstein & Buhovac, 2014). 

OSHW have a potential environmental impact. The use of 3D-printing and home 

production could result in decreased emissions from transportation, due to home-

production 

Economic sustainability refers to systems in production that satisfies present consumption 

levels without inflicting on future needs (Basiago, 1999). OSHW can also impact the 

economical sustainability from an industry standpoint, as OSHW facilitates consumers to 

produce themselves, which can result in a decrease of industry profits. 

Social sustainability refers to social organizations systems’ relationship with social 

conditions (Basiago, 1999). OSHW can impact on social sustainability because of the 

close connection between OSHW and information sharing.  This could lead to a vast 

increase of information sharing, as with the case of OSS. It could also have an impact on 

consumer’s choice of purchasing products and producing products, thus changing the 

behaviour of people.  
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1.6 Outline of the thesis  

 

Chapter 2:  Methodology - The purpose of this chapter is to describe the methodology          

used to conduct the research and to discuss the quality of the findings. 

Chapter 3:  Literature Review - The purpose of this chapter is to review the previous 

research done in Open Source Hardware. 

 

Chapter 4:  Theoretical framework - The purpose of this chapter is to present the key 

concept of Open Source Hardware – User Innovation. 

 

Chapter 5:  Empirical Findings - This chapter presents the empirical data collected 

from the interviews to create a background of the development of the 

derivative designs cases, and processes used between user and producers. 

 

Chapter 6:  Analysis - In this chapter the empirical findings from the interviews and 

literature are discussed and analysed with the theories from the theoretical 

framework. 

 

Chapter 7:  Conclusion - In this chapter conclusions are presented and further research 

suggested. 
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2 Methodology  

The purpose of this chapter is to describe the methodology used to conduct the research 

and to discuss the quality of the findings.  

2.1 Research design  

Believing that social reality is highly subjective and shaped by our own perception, the 

research has been constructed through the lens of interpretivism. The focus of 

interpretivism is to explore social phenomena in order to gain interpretive understanding. 

There are a number of assumptions accompany interpretivism which affects the research 

design. Individuals experience reality differently, thus there are multiple realities. 

Knowledge comes from subjective evidence from participants. Findings are biased and 

value-laden. The phenomenon is studied within its context and use emerging designs 

where categories are identified during the process and findings are accurate and validated 

through verification. These assumptions make interpretivist studies to focus on quality 

and depth of the collected data, hence examining a small sample using a number of 

research methods to obtain different perspectives (Collis & Hussey, 2014). 

 

The decision of an interpretivism research is based on and the nature of Open Source 

Hardware and the context of the subject. This offers greater flexibility in selecting a 

topic, as it is not limited to necessary research conditions like in positivist studies, for 

example the unavailability of satisfactory data series or lack of coverage of sufficient 

variables in an experiment, and the problem of acquiring an adequate sample and getting 

sufficiently high response rate in a survey (Yin, 2009). 

 

When analysing qualitative data, Morse (1994) argues that there are four key elements to 

the process, (1) comprehending, (2) synthesizing, (3) theorizing and (4) recontextualizing. 

The first element (1) comprehending, is acquiring the necessary knowledge about the 

subject. To obtain an understanding and the necessary knowledge of the derivative 

developments effects innovation, a literature review is conducted. The literature review is 

used to create an understanding on OSHW and stands as a foundation for the interviews, 

conducted with the users and producers. 
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The second element is (2) synthesizing, is the emerging of different themes and concepts, 

to form an integrated pattern and a general explanation to the problem. The research does 

this by viewing the problem from both the user and producer perspective. The user 

perspective by answering the first research question “What factors encourage users of the 

OSHW movement to develop derivative designs?” which provides   background to the 

development process of Quirkbot, Nanode and Picoduino. The second research question 

“How do derivative designs affect producers of OSHW?” views from producer 

perspectives, which establish an understanding to the process between producers and 

users. 

The third element (3) theorizing, is to obtaining structure and application of the 

qualitative data (Collis & Hussey, 2014). The research examines and compares the 

findings from the interviews with both the users and the producers, with the theories on 

user-innovation, to establish how derivative development affects innovation. 

The last element (4) is recontextualizing is the generalizing of the data, making the theory 

is applicable in other settings. This research is limited to open source derivative 

microcontrollers and is generalized in this area, due to investigation of derivative designs 

with different settings. However, the results applicability to different product market 

could be argued. 

2.2 Literature review  

To develop a deep understanding of OSHW and its effects on innovation, a literature 

review was conducted. The literature review was conducted online through search 

engines such as, Google Scholar and KTH Primo to access different databases. Since 

OSHW is such a new phenomenon, the academic literature about it was very limited. The 

main key words used in the search were: 

 

 Open Source Hardware 

 Open Hardware 

 Open Design 

 Open Source 
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 Free Hardware 

 Free and Open Source Hardware 

 

Since the academic literature was limited, other less formal sources like articles, forums, 

YouTube videos, TED talks
1

, and online conferences were used to get a deeper 

understanding about OSHW. When reviewing these sources, User Innovation was 

identified as the main component of OSHW in the context of this research. User 

innovation theories make up the second part of the literature review.  

2.3 Case studies 

Case studies have been the primary research method. It started as an opportunist case 

study where the opportunity was given to study Quirkbot, an OSHW creation. Quirkbot 

was created at Kids Hack Day, a technology education club for children where one of the 

researchers were involved. It was a combination between two existing OSHW products, 

Arduino a microcontroller board and Strawbees, a construction kit that allow you to 

connect straws to make creations. The researchers had the opportunity to observe the 

development and commercialisation process with upfront access to the developers.  

 

Yin (2003) states that multiple cases are always preferred over a single case, if it reflects 

similar events at multiple sites any consistency in the findings increases the validity. 

Therefore the decision to expand and conduct a comparative case study was taken.  

 

Since the research is purely qualitative, the context in which data is collected and 

understood is essential (Collis & Hussey, 2014). Therefore, it was crucial to find cases 

with similar context. Three criteria that had to be fulfilled in order for the new cases to fit 

the contextualization were developed:       

 

        ……………… 

…………………………… 

 

                                                        
1 TED talks is an event where people present, speak and share ideas. 
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1. The product had to be Open Source. 

2. The product had to be derived from Arduino. 

3. The product had to be developed by Users. 

 

Given the relatively small spread of OSHW and the problem of gaining contact 

information to the developers, this stated a bigger challenge than expected. Both Yin 

(2009) and Collis and Hussey (2014) highlights the value of triangulation to strengthen 

the research so it was decided that at least three cases were needed. After extensive 

searching, two additional cases were found, Picoduino and Nanode.  

2.4 Interviews  

Semi-structured interviews have been the primary method of data collection. In a semi-

structured interview, questions are prepared in advance to encourage the interviewee to 

talk about some specific topics while other questions are developed during the interview 

(Collin & Hussey, 2014). Semi-structured interviews are useful to interpret a complex 

social world from the perspective of the interviewee, in contrast to structured interviews 

that are limited in their ability to explore trends and contextual conditions that the 

interviewee has experienced (Yin, 2009).   

 

Since the purpose of the thesis is to explore the development of OSHW derivatives and 

its effect on innovation, the interviewees has been selected based on two categories. The 

first category was creators and developers of OSHW products – people with real life 

experiences of creating a product based on previous OSHW. The second category was 

experts – people with more extensive expertise of the OSHW phenomenon. All 

interviewees are presented in table 1.  
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Name of interviewee Position of 

interviewee 

Method Time (min) 

Carl Bärstad Creator of Quirkbot Face-to-face 45 

Kristofer Hagbard Creator of Quirkbot Face-to-face 35 

Ken Boak Creator of Nanode E-mail ~ 

Peter Misenko Creator of Picoduino Chat room ~ 

Erik Bergelin CEO of Strawbees Telephone 50 

Toni Klopfenstein Board member of 

OSHWA and 

engineer at Sparkfun 

Skype 50 

Emile Petrone Board member of 

OSHWA and founder 

of Tindie 

Skype 45 

David Cuartiellis Founder of Arduino E-mail ~ 

Table 1. List of interviewees 

 

The interviews were conducted either face-to-face, via video conversations or through 

chat software. Video conversation and chat was used to overcome the differences in time-

zones and the large geographical distances between the researchers and the interviewees. 

Studies of in-depth e-mail interviews have found that the quality of data collected from 

E-mail is the same as those collected from traditional face-to-face interviews (Lokman, 

2006). Each interviewee was asked if they wanted to be anonymous and if they approved 

that the interview was recorded.  

2.5 Reliability, Validity and Generalizability   

Reliability refers to the accuracy of what is measured in the research and the absence of 

difference, if the research was repeated. In positivists studies reliability is very important. 

However, in an interprevist study reliability is often of little importance. Instead emphasis 

lies on whether observations can be explained and understood, and in protocols and 

procedures that establish the authenticity of the findings (Collis & Hussey, 2014). 

Considering that the research is purely qualitative and the answers from participants are 
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highly dependent on context, timing and phrasing, the reliability is not very high. 

However, the transparency of the research method and that all participants agreed to be 

public – strengthens the reliability. Also all interviews were recorded, which allowed the 

researchers to review the findings. 

 

The validity refers to how well a measurement actually measures the phenomenon that is 

studied. Factors that undermine the validity of in research can be poor samples, research 

errors, inaccurate and misleading measurements (Collins & Hussey, 2014). Qualitative 

data are associated with interpretivist methodology, which usually have high degree of 

validity in its results. To understand the development process of OSHW, interviews were 

conducted with individuals from different fields to increase validity of the research. 

There was also triangulation between three cases. 

 

Generalizability refers to which extent the research findings can be applied to other cases 

and settings (Collins & Hussey, 2014). In this research, the delimitations were focused on 

OSHW definition that complete products are open sourced. There are many open source 

companies that uses open source together with closed designs, which was excluded from 

this research. Furthermore, the research is focused on development based from 

electronics and the use of it in different settings, which may affect the generalizability of 

the research to different market areas. 
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3 Literature review  

The purpose of this chapter is to review is to give the reader an understanding on OSHW 

and the previous research done in the subject. 

3.1 Open Source Hardware development  

The Open Source Hardware association defines OSHW as:  

“Open source hardware is hardware whose design is made publicly available so that 

anyone can study, modify, distribute, make, and sell the design or hardware based on that 

design. The hardware’s source, the design from which it is made, is available in the 

preferred format for making modifications to it. Ideally, Open Source hardware uses 

readily available components and materials, standard processes, open infrastructure, 

unrestricted content, and open-source design tools to maximize the ability of individuals 

to make and use hardware. Open Source hardware gives people the freedom to control 

their technology while sharing knowledge and encouraging commerce through the open 

exchange of designs” (OSHWA 2015, definition)  

This definition is derived from the Open Source Software definition (OSHWA, 2015), 

just as Open Source Hardware is derived from Open Source Software. However, OSHW 

producers are few and the industry remains a niche, whereas OSS is a massively adopted 

concept. In the literature, this can be traced to the inherent differences between software 

and hardware, which Lock (2013) divides in 8 categories:  

Automated updating - Software can be updated and tried automatically. Hardware on the 

other hand requires the developer to physically replace parts when making changes. This 

involves both cost and work (Lock, 2013) and limits the ability to test and integrate 

modifications from many users (Mellis & Buechley, 2012).  

Compliance requirement - Hardware needs to comply with different safety standards like 

the CE marking for example. To perform safety testing and make sure that all changes 

follow regulations can be both expensive and time consuming.  
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Distribution costs - Software can be distributed through Internet and file sharing at low-

costs, whereas hardware has inherent distribution and storage costs.  

Expensive equipment - Hardware can require equipment that is not affordable for most 

amateurs, whereas software development generally only requires access to a computer.  

Supplier dependence - Hardware depend on suppliers in order to get components. Some 

components are only available from a single supplier, which can cause problems to obtain 

certain component.  

Heterogeneous design software - Source code is written in text and stored in text files so 

you can essentially use any program. Hardware development however is done in many 

different programs with different file formats that often require expensive licenses. Lock 

(2013) found the documentation of OSHW projects to be relatively poor and that 

developers found this to be a reason to use a proprietary equivalent.  

Version merging - Software code in text can be compared and checked automatically. 

With CAD-files and other hardware programs this is much harder (Lock, 2013). 

Hardware development software lack good tools and techniques for tracking and 

integrating changes. Those that exist, simply store hardware designs but do not provide 

mechanisms for comparing designs (Mellis & Buechley, 2012).  

Weak licenses - There are many licenses available for OSS, both academical and 

repricoal. For OSHW however, these are not as developed and complete. Lock (2013) 

found this to be one of the major drawbacks in developing OSHW.  

Mellis and Buechley (2012) found that the general structure of how projects are 

distributed to be substantially different between OSS and OSHW. In OSS, much of the 

development is through centralized public processes where anyone with a computer and 

Internet connection can work and contribute to a project during the entire development 

process. However, in OSHW, the common model of sharing and developing is based on 

small-scale partnerships between companies. Companies share and develop products 

between each other and release drawings and schematics when it is fully developed. As a 

result most individual products undergo few improvement cycles. Instead the design is to 
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develop derivative variations of the product, with new functions. This has led to more 

variations of OSHW products instead of continuous improvements on a single design. 

This is also in line with the findings of Lock (2013), that OSWH is more likely to 

develop specific solutions to problems than traditional closed models. Regardless of this, 

the community of users and developers around products are regarded as very important in 

OSHW (Lock, 2013; Mellis & Buechely, 2012). The community can help develop tools 

and provide peer-to-peer assistance with hardware debugging and evaluation. Lock 

(2013) points out that if toolkits are available for users to develop and build OSWH, there 

could be a rapid adaptation and development of OSHW. Acosta (2009) found the spread 

of community to be an indication of how widely diffused OSHW is in that area. He also 

found it likely that most improvements done by users are communicated back to the 

original even if most improvements are minor (Lock, 2013). Lock (2013) also found it 

likely that user improvements where feed back to the original, but more in the case of 

non-commercial developers. Commercial developers on the other hand are likely to use 

existing OSHW as a base when developing devices as a part of their work, rather than 

making contributions back to existing hardware as is the case for non-commercial 

developers. For user developers, the ability to study the source files of a device was 

regarded as the most important aspect of OSHW and transparency and modification were 

generally viewed as the most important attributes.  

Like all other businesses, OSHW companies rely on good service and quality of their 

products. An OSHW business also depends on a community of developers and users who 

help to create the product. By sharing source files and using the community of developers 

to test and enhance their product, companies benefit both from better design and 

increased reputation. However, building a community takes time and effort and cannot be 

copied or recreated easily which makes branding an important part of OSHW (Lock, 

2013).  
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4 Theoretical framework  

The purpose of this chapter is to present the key theories on user innovation that are used 

to analyse the empirical and literature findings regarding Open Source Hardware 

derivatives. 

4.1 The User Innovation Paradigm  

Traditionally it has been assumed that companies make all major innovations, while the 

consumers passively use the products supplied by companies. This has shown not to be 

true. In reality consumers are very important innovators who often develop products – 

themselves. Von Hippel et al. (2011) introduce the innovation paradigm where the 

consumers are the centre of innovation rather than being regarded as just consumer, as in 

the traditional innovation models. The authors explain the user innovation paradigm 

through three phases, see figure 1. 

 

Figure 1: User Innovation Paradigm (von Hippel et al., 2011) 

 

Before new products or services have gained popularity, their markets are small and 

uncertain. At this stage, the product or service is in phase 1. Producers don't like small 

and uncertain markets, as they need to spread their costs over many buyers to make profit 

and will most likely not invest in developing it. As a result consumers need to develop 

these products themselves because producers cannot yet see evidence for a profitable 

market (von Hippel et al., 2011) 
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In phase 2 more consumers have discovered the need of the product or service. Designs 

made by users are getting shared and are freely available. Consumers can test and make 

their own copies. How widely diffused the product or service become amongst 

consumers offers a market indication to producers. The consumers are not only 

developing new products but are also providing marketing research.  

In phase 3, the market potential has become clearer and producers enter. Small producers 

generally enter first and some of these are new start-ups founded by the consumer 

innovators themselves.  

If users do not innovate in phase 1, when the market potential is unknown, the product 

would never enter phase 3 and get produced in larger scale. Therefore, users often begin 

to innovate before producers do. Especially when the innovation offers a new function 

since users are in a better position to observe the needs. If more users are interested in the 

innovation it can trigger an open collaborative user innovation process (Baldwin & von 

Hippel, 2011), where contributors share the work of developing new products or services. 

Most innovations by consumers are developed for their own use without consideration 

that it might be valuable to others. However individuals’ needs are often similar and 

many times the innovation is valuable to others (de Jong et al., 2014). It has been shown 

that about half of consumer innovators are willing to share their designs with others free 

of charge (de Jong et al., 2014; de Jong, 2014). Only a small fraction of innovating 

consumers protect their designs by acquiring intellectual property.  

For users to be able to improve and adopt new products, it is necessary that they have 

capability of producing user-created design copies for themselves (Baldwin & von 

Hippel, 2011).  

The user innovation paradigm interacts with the classic producer innovation paradigm as 

seen in figure 2.  
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Figure 2: User and Producer Innovation (Baldwin & von Hippel, 2011). 

 

The bottom arrow represents the producer innovation paradigm. Producers invest in 

creating a new product so they can sell it and make profit. The process starts with 

studying user needs and continues with R&D to develop a product or service that satisfies 

the users need. The innovation is then diffused through sales in the marketplace and often 

protected with IP (Baldwin & von Hippel, 2011). 

However, the producer could invest to support users’ innovations and instead use that as 

market research and R&D. There could also be innovation spillover for producers. 

Designs created by users are transferred to the producer, either for free or through buying 

or licensing the user design. If the design is found to have commercial value, it is 

supplied to the market. User innovation spillovers can be extremely valuable to producers 

(Lilien et al., 2002; Winston Smith & Shah, 2013). In several industries, user innovations 

have been found to be more innovative and offer higher value to the customer than the 

innovations from producers (Poetz & Schreier, 2012).  

Users and producers can also innovate independently. Sometimes an innovation by users 

complements innovations by producers. What characterises a user-complemented market 

is that users’ self-provision complements to a product offered in the market by a producer 

(Gambardella et al., 2014). 



18 
  

Lastly, there are user-contested markets. Sometimes the innovations from users substitute 

a product from producers. The key characteristics of a user-contested market, is that users 

build substitutes for themselves to a product offered by a producer (Gambardella et al., 

2014).  

4.2 Innovation Diffusion  

Innovations by users can diffuse into society in two ways, either by peer-to-peer adoption 

or commercialization by user start-ups or existing firms, see figure 3. Innovations are 

diffused peer-to-peer through freely revealed information, information provided without 

any restrictions on or by individuals for personal use (DeManco et al., 2013). Less than 

10% of innovations developed for personal use are protected by intellectual property 

because it takes effort to establish and if adoption by others does not damage the 

innovators interests, it is reasonable not to do it (Baldwin & von Hippel, 2011).  

Diffusion can also occur by producers obtaining information from user innovators and 

commercializing and selling it to adopting users. The producers, either obtain innovations 

for free by open information or by the innovator selectively choosing to reveal it to a 

user, selling it or making it to their own start-up company (DeManco et al., 2013).  

 

Figure 3: Pathways via which used innovations diffuse (DeManco et al., 2013) 

 
 
 
 
 
 



19 
  

4.3 User Development Motivation  

There are three types of rewards from innovation projects – using the innovation, selling 

the innovation and participating in the innovating process (Raasch & von Hippel, 2012). 

Raasch and von Hippel (2012) found that projects that can appeal to more than one type 

of motivation will amplify the work applied to the project, since the contributor is 

rewarded in more than one way. Suppose a person is in a development project both 

because he thinks it is fun and that he wants to use the innovation. That person would put 

more work in the project then if he only thought it was fun or only wanted to use the 

product. The same authors have coin the term “innovation amplification” and define it as 

“the increase in the inputs harnessed by a sponsor of an innovating project – user or 

producer – that is justified by participation benefits”.  

Figure 4, shows how multiple motivation types can amplify the effort that participants are 

willing to apply to projects. At the bottom of the amplification scale the project motivates 

the participants only by the reward of selling or using the innovation. At the next step 

project also motivates participants by some naturally instinct value, e.g. the participant is 

interested in the project (Raasch & von Hippel, 2012). 

Project owners who invest resources to increase the participation benefits of the task to 

participants reach the second level. One example of this is, adding interesting graphics or 

the ability to track performance.  

The highest level is where participants themselves find ways to increase the participation 

benefits they obtain from participating in the innovation project (Raasch & von Hippel, 

2012)  
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Figure 4: Innovation amplification (Raasch & von Hippel 2012) 

Innovation amplification can greatly increase the total investment in R&D and innovation 

by making it attractive for consumers to devote some fraction of their leisure time to that 

purpose (Raasch & von Hippel, 2012).  

 

4.4 How user innovations become commercial products  

Baldwin et al. (2006) theory on how user-innovation becomes commercial products starts 

with one or more users that recognize new sets of possible properties, and where these 

properties are explored. The user-innovators will offset of the perceived value of the 

design against the out of own expenses and the benefits of freely revealing the design to 

the community. When users in the community finds purchasing innovations rather than 

manufacturing it themselves more attractive – the user-innovators might become user-

manufacturers. In the beginning of this stage, the manufacturing process uses low-capital 

method and high-variable-cost to satisfy of the community’s demand. Later when better 

innovation becomes harder to access because of the decrease of new design being 

developed – the manufacturing process changes, taking on higher capital costs and lower 

variable cost. However, there will still be user–innovators innovating higher perforce 

innovation for specific needs of advanced equipment but this category involves a smaller 

number of individuals. The response of this cost structure change may increase market 

entries either by existing user-manufacturers or by established manufacturers from other 

close product markets. Established manufacturers are more likely to enter if the user-

manufacturers lack the ability to create high-volume production (Baldwin et al., 2006).  
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For user self-production can compete with commercial production and distribution, if 

diffusion of designs is through either the web or other low-cost means. This means low 

cost reproduction and distribution needs to be available and implemented by both 

information product manufacturer and the innovation user (von Hippel, 2007). 
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5 Empirical findings 

This chapter presents the empirical data collected from the interviews to create a 

background of the development of the derivative designs cases, and processes used 

between user and producers. 

 

Below is a background to the development of the three derivative cases given. The 

information was obtained during the interviews. This is meant to give the reader an 

understanding on processes that the user-innovators use during the development process 

of their OSHW. This is followed by the findings of the producers processes with users, 

form the interview with Arduino and Sparkfun. 

5.1 Quirkbot  

Quirkbot is an Open Source microcontroller that can be connected to LEDs, motors and 

drinking straws in order to build robots.  The product is a combination between two Open 

Source products, Arduino and Strawbees. Arduino is a microcontroller board used to 

build digital devices and interactive objects that can sense and control the world around 

it. Strawbees is a construction toy used to connect straws with each other in order to build 

straw constructions.  

 

The idea of Quirkbot took root at Kids Hack Day, an organization that teaches 

technology and creativity to children. Among other tools they use Strawbees and Arduino 

in their teaching. At one event some children tried to combine these two by putting straws 

on LEDs that were connected to the Arduino boards. However, these attempts were 

unsuccessful as the board was not designed for straw attachments. Seeing this, the creator 

of Quirkbot, Carl Bärstad, got the idea to create a Strawbees compatible microcontroller.  

 

Shortly after they started to make concept prototypes in CAD. Both the creators, Carl 

Bärstad and Kristoffer Hagbard states that they would never have gone from idea to 

prototyping if Arduino and Strawbees were not Open Source. They knew that they did 

not have to contact Arduino or Strawbees in order to develop their product and had great 

help from the available resources online. For example, they could use a free and open 
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source CAD program called Eagle to make their prototypes. They could also use 

blueprints and programming language from Arduino and copy the design of the straw 

connections from Strawbees. Carl says: “It only took 16 days to the first prototype. This 

would never been possible if not for what Arduino have built-up, Strawbees open design 

and the open culture of the OS world.” - Carl Bärstad 

 

With a finished prototype they produced a handful of Quirkbots and tried them at Kids 

Hack Day. Being very appreciated amongst the young, they wanted to produce more. 

They say that the main motivation for this was that they thought it was fun and enjoyed 

playing with it and wanted it to become accessible for more children, so they could play 

and learn. They proceeded with a crowdfunding
2
 campaign on Kickstarter

3
. Quirkbot’s 

entire process from idea to production took less than a year. They say this would never 

have been possible if it was not for Open Source. They highlight the culture of openness 

and sharing in the Open Source world as very important for the success of creating 

Quirkbot. They were never afraid that someone would steel their idea, and even if 

someone would, it would be the end of the world, since they did not need to invest a lot 

of their own money to make the product. So instead of spending time and money on 

patents they could focus on making a great product and speed up the time to market a lot. 

What they have found to be real important is instead the brand and community around the 

product. From working in the Open Source world they describe the brand as a 

manifestation of the values inside the company, which is crucial that the customer can 

identify with in the Open Source world. They have spent a lot of effort on trying to build 

a community through attending Makerfaires
4
, workshops, creating Facebook pages and 

creating webpages, where users can share what you have built with the Quirkbot and the 

programing code.  

 

They have also developed close business collaboration with Strawbees. They share 

everything from sales channels to contacts and marketing. Still they remain two small 

                                                        
2 Crowdfuning is used for projects or ventures to raise capital from a large number of contributing people. 
3 Kickstarter is an Internet platform where people can support projects and ventures through 
crowdfunding. 
4 Makerfaires are events where arts, engineering, crafts and science are celebrated. 
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independent companies with their own product. However, the biggest implication on their 

business model from being Open Source is that they encourage other people to make 

spinoffs from their products and leverage their brand, charging royalties and licensing 

fees for it. One example is the Strawbees mega, which is Strawbees but in super size. 

This is also function as a marketing tool for them. They also encourage users to create 

backpacks, which are add-ons to the Quirkbot that gives it a new function, like Bluetooth 

for example. If the backpack is good it can become an official Quirkbot backpack sold 

through them and the developer gets credit for it and a part of the revenue.  

 

They have not seen many problems in being Open Source but they point out that it takes 

a lot of time and resources to document the hardware design and keep it up to date when 

the product changes. It is also hard to attain capital from investors outside crowd funding, 

because of investors need for patents.  

5.2 Nanode 

Nanode is an Open Source microcontroller board with built in Internet connectivity based 

on Arduino. The idea of Nanode came when the creator, Ken Boak was experimenting 

with Arduino boards and wanted to connect it to the Internet. In order to do this you 

could buy an official Arduino Ethernet shield, an accessory mountable on the Arduino 

board, which allows for Internet connectivity. Buying the shield and studying at the 

blueprints, Ken realized that the circuitry was trivial and the component cost was low. So 

he thought that the price to get an Ethernet connected device this way was way too high 

and decided to create a board with integrated Ethernet function much cheaper. Ken says: 

“Nanode would not have existed, had it not been for the vast open source ecosystem 

centred on Arduino.” – Ken Boak 

 

Ken Boak started to prototype using Eagle CAD and breadboard. He says that the good 

thing about Eagle CAD is that it is free and that virtually all of the design is captured in 2 

files - the .sch for the schematic and the .brd for the board layout. By making these 2 files 

available, anyone with Eagle CAD can take the design, modify, and then make a printed 

circuit board (PCB).  
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After Ken Boak constructed working prototypes, he wondered how to start and produce 

his product. He says that the main motivation for making it at a bigger scale was not to 

make money, but to provide an educational kit that could encourage people to try a new 

hobby. At this time, Kickstarter was not as widespread as it is today so he made 20 

prototypes at home. Ken passed these to friends which could try them, including people 

at London and Nottigham Hackerspaces
5
. At London Hackerspace people got really 

interested in the product and one hundred people got together and shared the costs of 

producing a batch of Nanode boards. Ken describes the Nanode as a very collaborative 

project. It was built with the help of friends, and colleagues at the London Hackerspace, 

who helped with firmware and libraries. Ken says that every OSHW project is a team 

effort, with many different people contributing something into the mix. An open 

hardware product is always a combination of innovative hardware, fully supported by 

firmware libraries and almost always a PC or smartphone app to tie it all together. 

Without this integration of hardware, firmware and application software, a product will 

not succeed.  

 

Seeing the importance of collaborations and having a community, Ken Boak tried to 

build one around the Nanode. He used Twitter, GoogleGroups, made a couple of 

workshop sessions and attended makerfaires and the Open Hardware Conference in New 

York. He also kept a web forum, which gave other hints and tips, programming examples 

and other useful information to be shared between the users. For the rest of the 

documentation he made a picture build guide. This took about one evening to take the 

photographs and another night to write the instructions. 

 

Nanode sold well for about a year but then the sales dropped off. Ken Boak says that one 

major problem with OSHW, is that you are under constant pressure to lower your prices. 

By the end of 2012, versions of the ethershield were produced in China for around $8. It 

was also in 2012, that the Raspberry Pi – a low-cost, small sized computer, became 

widely available.  It could do much more than Nanode, and for about $40 you could buy 

a very powerful platform with built-in ethernet connectivity, with none of the limitations 

                                                        
5 Hackerspace is a community-operated workspace where people can meet, collaborate and build. 
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of the ethershield code. Ken did a version with a wireless, RTC and microSD card, but by 

that time everyone wanted Raspberry Pi. 

 

Ken says that hardware is a constantly moving target. Each year there are numerous new 

devices appearing, all of which may spin off innovative products. Every hardware 

product has such a short lifetime these days. Todays "must have" will be out of date and 

neglected in a year.  Some Kickstarters fail because the product is out of date before it 

gets launched. To remain in business, you have to keep updating the product or finding 

new things that people want. 

5.3 Picoduino 

The Picoduino is a super small Open Source microcontroller board based on Arduino. 

The idea of Picoduino was born when the creator, Peter Misenko read about Digistump’s 

microcontroller called Digispark, which is an Open Source derivative of Arduino’s 

microcontroller. Peter with an electrical engineering background, was convinced he could 

make an even smaller board. He started to prototype using the open source CAD 

programme Eagle and soon had a finished product. He says that the motivation behind it 

was that both that he needed a small board for a project he was doing and also the 

challenge of how small he could make it. To be able to start producing it in bigger scale 

he tried to crowd fund it through Indiegogo, but was unsuccessful. He then decided to 

produce the Picoduino himself and start a store on Tindie, an online marketplace for 

hardware. At first the product sold very well and Peter thinks the success came from the 

support he provided to his customers rather than the product itself. However it did not 

take long before Digistump created a smaller and cheaper board with an own forum 

connected to it, and the sales of Picoduino went down dramatically. 

However, Peter Misenko is convinced that the Picoduino would not exist if Arduino were 

not Open Source.  

5.4 Arduino & Sparkfun 

Arduino and Sparkfun are two hardware companies that open source all their designs. 

They have both adopted an OSHW strategy and encourage people to create derivative 
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designs based on their hardware. Sparkfun say that one reason why they use Open Source 

is; ”It forces us to be better. It is completion for us. That is what drives the Open Source 

market.” – Toni Klopfenstein. 

 

The founder of Arduino, David Cuartiellis says that derivatives are what make their 

system evolve. The more improvements people make, the more they have to learn. He 

also believes that OSHW should become more used in the public sector, and says;  

”OSHW is to me how things should be done in the public sector. If public money is 

touching a project, that project should be automatically available for people to use.” – 

David Cuartiellis. 

 

However, none of Sparkfun and Arduino use any sophisticated tools for collecting 

information about OSHW derivatives. David Cuartiellis says that most improvement 

ideas they get come from suggestions sent via mail from users. They have also used 

Google alert on and plan to import their designs to GitHub, which is a collaborative, code 

review and management tool for open source and private projects so improvements can 

come as pull-requests. Toni Klopfenstein from Sparkfun tells a similar story. They collect 

ideas by searching forums, Github and product pages. Sparkfun also uses GitHub as an 

internal version control system for tracking how they change designs over time, and as an 

interaction tool for the community as customers can make changes by creating port-

quests. This shows who, what and when changes were made helping Sparkfun to give 

credit back to the community for the designs developed in collaboration. Both David 

Cuartiellis and Toni Klopfenstein, points out the importance of giving credit to the 

developer. They also highlight the difference of people who build things with their 

hardware and people who make changes to their hardware. Most of the feedback they 

receive is from people who have built something using their hardware and share how they 

built it. This is an extremely important part of their communities. However, all feedback 

is valuable to them as it provides insights in the market and how the community uses 

their products. This helps them to position for the future and see how trends are moving.  



28 
  

They both point out the problem of people that clone and copy their designs without 

giving them attribution. Another problem is being first to market. Toni Klopfenstein says 

that new improvements and innovations have to be implemented instantly and that it is a 

constant battle to be up to date. If you want to stay competitive in selling OSHW, the 

speed of innovation is crucial. There is also strong buyer power and the instant feedback 

available through the Internet. If the product is not up to date, or if the quality is poor it 

will instantly be acknowledged and spread by the community. For Arduino however it is 

a bit different. In the beginning they implemented a lot of changes from suggestions and 

derivatives. They still implement changes, but speed is not as crucial for them. They also 

say that their boards are very generic and that the derivatives often include parts to adjust 

their boards to a different realm, which is hard to accomplish, as they are often unable to 

make something generic for everyone but at the same time specific for certain fields. This 

results in that derivatives don’t give them much in terms of hardware design. Instead they 

encourage others to make and sell these specific boards. For example they have a 

program called Arduino atheart. As a part of the program Arduino support the derivative 

design in hardware, offer a sales channel and brand recognition in return for a royalty fee. 

Arduino is also collaborating with competing projects to develop software and 

documentation that function for all systems.  An example is Teenay, which is a 

competing board that can be programed using Arduino's software. In return they make 

contributions and improvements to Arduino’s software. 

Sparkfun also have many collaborations between different companies. Sparkfun 

sometimes have collaborations between schools where classes can guarantee an amount 

of products sold and in return they get some custom-made kits that fits their education 

and classes. Sparkfun obtains many benefits from collaborations, as they reach many 

different people with different skills and experience, which facilitates to create a larger 

community and better products.  
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6 Analysis  

In this chapter the empirical findings are discussed and analysed through the theories 

presented in the Theoretical framework. 

 

6.1 Openness and transparency 

There is a clear consensus from all interviewed developers of Arduino derivatives that 

their product would not exist if it were not for the free and Open Source resources 

available online. They all mention how these resources facilitated the development 

process and made it less time-consuming. The availability of free CAD tools and the fact 

that developers can continue on previous work by studying source files played a big role. 

However, all creators in the derivative cases came from a background in electrical 

engineering and probably had the capability to create their product even without the 

source files. Still they clearly state that their product would not have become reality if 

Arduino was not Open Source. What seems to be the biggest factor is the culture related 

to OSHW and the mentality surrounding it. The fact that developers do not need to be 

afraid of IP infringement and that the general norms in OSHW communities encourage 

and reinforce this behaviour of re-using designs.  

 

De Jong (2014) also says that most innovations by consumers are developed for their own 

use without consideration that it might be valuable to others. The sharing nature of 

OSHW also makes it more likely for developers to realise that their product can be useful 

for others.  

6.2 Amplified Motivation 

Raasch and von Hippels (2012) mention three types of motivations and rewards for 

developing products. These are using the innovation, selling the innovation and 

participating in the innovating process. All three of these are present in the development 

of Quirkbot, Nanode and Picoduino. They all mention how they where going to use the 

product themselves. Picoduino and Nanode for personal projects and Quirkbot for use in 

Kids Hack day. They also mention how the development process was very educational 

and rewarding, and the creator of Nanode even created a product for self-assembly so 
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others could take part of the same educational experience that he had gone through. They 

all also ended up selling it for profit. It is also notable that all the developers convey a 

strong passion for their products and have it as a hobby and that the potential economic 

gains does not seem to be the main motivator. The creators of Quirkbot, Carl and 

Kristoffer state their main goal is the same as that of Kids Hack Day, to learn creativity 

and technology to kids. You can also observe the creators of Quirkbot spending hours of 

their free time building robots with the children. This is also the case for the creator of 

Nanode. Ken Boak states that the primary purpose of Nanode was to create an 

educational toy and encourages new people to join his hobby. For the creator of 

Picoduino, Peter the main goal was to challenge himself and his engineering skills.  

 

Observing this, OSHW have the effect of amplifying innovation. Raasch and von Hippel 

(2012) describes a project with inherent participant benefits as a project that motivates 

people by other incentives than money. Open source designs allow people that are 

passionate and interested in that product to spend their time and resources innovating 

upon it. Giving every OSHW project inherent participant benefits since it attracts people 

motivated by more reasons than money. This is one reason to why Nanode, Quirkbot and 

Picoduino exist today.  

6.3 Market diffusion 

We also see implications on the user innovation paradigm (von Hippel et al., 2011). 

Nanode, Quirkbot and Picoduino are all microcontrollers but with different functions. 

The market for microcontroller boards is well known amongst big producers. However, 

the different niches and subgroups within the microcontroller industry are not and Open 

Source designs significantly reduce the barrier to enter phase 1 in the user innovation 

paradigm. All these products started in phase 1, by creating products they needed and 

wanted to use themselves. There were unexplored niches in the microcontroller market 

untouched by big producers. The innovation then diffused peer-to-peer and got adopted 

by a larger crowd. The product entered phase 2 in the user innovation paradigm. The 

diffusion of the product in phase 1 and 2 is also facilitated by Open Source. Emile 

Petrone from Tindie says that there are government agencies and large companies that 

purchase components from people producing from their garage because of the 
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transparency that OSHW provides. This is also in line with Lock (2013) that found 

transparency to be very highly valued amongst both developers and users. This improves 

the trustworthiness of smaller business and individual projects, which increases the 

chances for customer with higher demand on product quality. However, it seems hard to 

remain competitive when the niche gains traction from more users and enter phase 3. 

Both Nanode and Picoduino got put out of business when larger companies like 

Raspberry Pi and Digistump entered and produced better and cheaper alternatives. 

 

What is also apparent in all cases is the phenomena of crowdfunding, Quirkbot through 

Kickstarter, Nanode through friends and like-minded and Picoduino through Indiegogo. It 

seems like OSHW have a negative effect when establishing investments from investors, 

as there are no patents attached to the product. This is a problem as the users need capital 

to scale up production or when OSHW products are expensive to produce (von Hippel et 

al., 2007). Therefore, it seems like crowdfunding is an essential factor for users to 

become producers. The fact that you can make it bigger scale and sell it without risking 

own capital has facilitated the user development. For the case of Picoduino the 

crowdfunding was unsuccessful, but Peter Misenko was still able to produce and sell his 

product without much requirement of own capital since he could use sales channels like 

Tindie. 

 

With that said, OSHW allow for exploration of markets and its different niches. Many 

more projects come to life and the ones that are good can spread with the availability of 

fast and free distribution and sales channels like Tindie, Kickstarter, Github etc.  

6.4 Collaboration and Support 

Producers support users to innovate. One example of this is the Arduino atheart program. 

This is an initiative were Arduino collaborate with derivative developers and companies 

through Arduino Integrated Development Environment. This increases the user’s and 

companies’ ability to use and build upon hardware designs. This benefits both new 

projects and the producers of original designs, because it facilitates for users to innovate 

new ideas and to use products for their own needs. In return producers gain value through 

market understanding and design development. However, much of the information and 
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requests for product implementation provided by the community is not implemented in 

the original designs, because this information and suggestions are specified for specific 

fields. Arduino and Sparkfun focuses on generic products that can be used in many fields 

and field-specific improvement can affect the generic properties of their products, and 

therefore also the appliance in fields. This opens up opportunities for the user-innovators 

to design own products that satisfy certain fields, as existing companies might not 

implement them. By focusing on specific fields, these new projects and companies can 

serve certain customers with products better suited for user projects, Quirkbot focuses on 

easy programmable robots for children, Picoduino focuses on smaller microcontroller for 

projects with limited space for electronics. 

6.5 Market expansion and Product improvements 

The development of new derivatives expands the market of OSHW. The diffusion of 

derivative designs, as mentioned earlier, is facilitated by the different feedback 

mechanisms and support from community and producers. This accelerates the 

development of products and the testing of products for different market appliance. This 

has also affected the resources needed for research and development of the products. 

 

Furthermore, there are several benefits producers may obtain by the different feedback 

mechanisms. Firstly, they allow users to contribute information on different products 

aspects; usage in fields, product functionality and product improvements, ultimately 

affecting the outcome of future producer designs. Secondly, as the user often innovates 

before producers (Baldwin & von Hippel, 2011), producers can use the feedback 

mechanisms as a market research tool, by observing in which of the three phases certain 

design currently are positioned, in the user innovation paradigm, see figure 1. This 

provides producers with information on product usage, improvement and appliance in 

field, which facilitate producers´ decisions in product development. The producers also 

stated that field-specific improvements are not implemented because the generic boards 

are not able to become both generic and field specific.  However, producers may 

collaborate with other projects and companies that have field-specific boards, as in the 

case with the Arduino atheart program. This also increases the brand awareness as more 
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users and innovators are connected to producers. Quirkbot confirms that the brand and 

the community have a huge impact OSHW companies. 

6.6 Discussion  

Microcontrollers have certain characteristics that make them suitable for OSHW. Three 

aspects that Lock (2013) point out as problematic for Hardware is the need for expensive 

equipment, the dependence of components and the scattered use of different programs 

with expensive licenses. For microcontrollers expensive equipment is not necessary. You 

can create your own microcontroller with only a soldering iron and breadboard. The same 

goes for components, they are both cheap and easy to access. With Eagle CAD there is 

also a free and common development program.   

 

How OSHW affects innovation in more advanced products is a question for further 

research. In products that require more advanced knowledge and higher investment costs 

like Facebook’s Open Compute Project the dynamic would probably be different. It is the 

hypothesis of the authors that the focus would be on corporate collaborations rather than 

user innovators and the importance of knowledge sharing would far precede the 

importance of the open culture.  
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7 Conclusions and Future Research 

In this chapter conclusions from the analysis are presented together with further research 

suggestions. 

The ecosystem of producers and users are heavily dependent on each other. Existing 

OSHW and resources available on the market have a direct impact on the emergence of 

new derivative development. The producers rely on the users usage of existing product 

and feedback, in order innovate existing and new products. The following factors that 

drive derivative development and affect producers were found. 

7.1 Factors encouraging derivative development  

 Openness & Transparency 

The openness of OSHW allows users to innovate and build without fearing consequences 

of IP infringement. It also nurtures a mind-set of sharing and re-using designs that 

encourage the realization of ideas. The transparency of the designs increases the chances 

for users to become innovators as it facilitates the understanding of products. This also 

establishes trust to the innovators as it facilitates the evaluation of designs.  

 Amplified Motivation 

OSHW reaps the benefit of amplified motivation since people that are interested and 

passionate about the product can innovate upon it. This drives the development of 

derivatives since it offsets the need of economical compensation.  

 Support from producers 

Support from producers, facilitates users’ ability to design and innovate. As seen in the 

cases, most derivatives would not have become reality, if it were not for the existing 

OSHW. The community around these products have also provided vast resources that 

ultimately lead to faster innovation and create increased product quality.  
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 Market diffusion 

The many low-cost ways to share and diffuse derivatives such as, Github, Tindie, 

Kickstarter and forums, facilitate the spread of innovations and the market diffusion. This 

Has been very important for the derivative development. 

7.2 Implications on Producers 

 Market expansion 

The development of derivative designs results in an increase of OSHW products in the 

market. This affect the producers because of the many products they need to observe in 

order to understand the direction of the market. It also means that the feedback flow will 

increase ultimately increasing the properties and designs of products. This also changes 

the resources needed for changing products after market demands. 

 Product improvements 

The designs of producers are affected, because of the vast feedback provided by the 

community. This improves the original designs through the discovery of usage in fields, 

product functionality and suggested improvements. This increases the quality of the 

product and is how OSHW producers stay competitive. 

 Collaboration 

New derivative designs can lead to new collaborations. This leads to royalty revenue and 

improvements to hardware designs. It also creates a larger and diversified community 

with different experience and knowledge, which contributes back to the ecosystem of 

products and producers. 
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 Brand and Marketing 

The producers gain in branding by the increasing amount of innovators using their 

products. User innovators – provide marketing and brand recognition. This is accelerated 

by the openness of the derivative design and derivatives designs own marketing. The 

returned contribution in available derivative designs can also increase the quality of the 

original designs and therefore also create a stronger brand. 

7.3 Further research 

This research is delimited to derivative design of microcontrollers. Microcontrollers have 

certain characteristics that make it suitable for OSHW. It has small and relatively 

uncomplicated designs. More importantly, components are cheap and it does not require 

expensive tools. Also it is part of many peoples hobby making it attractive to innovate 

upon. Hence they dynamic for more advanced products could look substantially different. 

Therefore it would be interesting to investigate derivative development in more advanced 

products.  
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Appendix I – Interview protocol  
 

Producer interviews  

What is your general view on OSHW?  

Do you think it makes it easier to start a new hardware company? If so, why? 

What is your view on the derivative designs emerging from your products? 

Have you benefited from this, if so how? 

Have you seen any negative effects from this, if so what? 

Do you collaborate with other companies on making derivatives?  

Do you actively implement improvements from derivatives in your own product?  

How do you search for these improvements on the market?  

Are there any specific improvement characteristics that you look for?  

 

Case interviews  

Do you have any general thoughts on Open Source Hardware?  

How did you get the idea? 

What was the process in the development of the design?  

What motivated you? 

What were the positive/ negative effects, developing in an Open Source environment?  

Do you believe the designs would have been developed if not for previous OSHW? 

Do you have any contact or collaboration with producers? 

 


