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A B S T R A C T

The development of tools or products has always been fundamental to human progress, societal evolution and 
thereby a sustainable future. Thanks to the decreasing cost of 3D printing technology, we can develop complex 
products in the comfort of our home – and with the help of online communities. Despite this phenomenon, 
personal product development is less represented in product innovation literature, where profit-driven outcomes 
are prioritised. This gap in literature led to the main research question of this paper: how do individuals 
autonomously innovate products within open community settings? In order to find out, we interviewed makers 
(autonomous developers) of personal woodworking, metalworking, robotics, and 3D printed products.

Through grounded theoretical discovery, we were able to answer the main question with three concepts – a 
range of product innovation, stages of autonomous product development and product innovation outcomes. The 
range of product innovation demonstrates three types of product development activities – copying, innovating 
and acquiring exclusivity. Four stages of autonomous product development were inferred motivations behind the 
range. Makers are motivated to evolve evolve a competence first. They then choose to innovate and finally in
crease individualistic development. These motivations result in product innovation outcomes during their 
development process. Product innovation outcomes are instances that lead to the introduction of something 
novel such as an idea, method or product. 16 outcomes are classified in this paper by the community and 13 by 
the individual developer.

Our findings on autonomous product development contribute to future research in circular economy and 
sustainability. They present a foundation to examine development activities and motivations to upcycle 
household waste and minimises packaging. In addition, our research supports diffusion of innovations theory and 
social learning theory. Identifying autonomous development activities, motivations and outcomes show that even 
personal product innovations can be created, enhanced and influenced by open community systems. By 
demonstrating that complex scientific products can be learned in communities through social learning methods 
such as copying, personalising and acquiring exclusivity, this research enhances social learning theory.

1. Introduction

Innovation is integral to sustainability [1–3]. As we innovate, we find 
new ways to conserve resources, contribute to the environment, and 
shift toward transformative sustainable consumption behavior [4]. 
Since the Stone Age, making tools is how humans build relationships 
with their environment and improve their quality of life [5–8]. Today, 
advanced technology can be replicated and adapted without specialised 
skills, in the comfort of our homes. Such autonomous product devel
opment is widespread with the availability of 3D printing technology 

and peer-supported communities. These innovations reduce over
production and e-waste that is common in electronics manufacturing 
[9]. Online communities play an important role here. There are many 3D 
communities that encourage building and learning product develop
ment for individuals with no prior knowledge or skill [10–12]. They 
offer peer feedback, experiential learning and access to free resources 
[13]. Innovation literature acknowledges product innovation greatly 
when firms introduce new products and services to meet market demand 
[14–16,17]. In addition, community innovation is portrayed as 
contributory to firms from large external groups [18–23]. However, 
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autonomous product development is an individualistic method of 
building objects, without a firm’s involvement. Individuals have au
tonomy to drive product creation, independent decision making about 
resources and design. Autonomous product development influenced by 
open communities can lead to innovation outcomes for the developer 
and community. In particular, a product innovation outcome is an 
instance that can lead to the introduction of something novel such as an 
idea, method or product. It is an enhancement of the definition by Kahn, 
where product innovation outcomes are indicative of both an outcome 
and a process (2018). Autonomous product development is not regarded 
as a domain in product innovation phenomena. Without conceptual 
frameworks scholars of product innovation and experiential learning 
cannot compare studies across disciplines.

There are three impediments to scientific progress in community- 
driven product innovation. Firstly, there is limited research on autono
mous development activities. A working paper on the worldwide aircraft 
industry describes autonomous product development as independent 
production by a firms [24]. Another article on new product development 
mentions the term autonomous product development team with refer
ence to group autonomy within a company [25]. The widespread phe
nomenon of individuals autonomously developing products requires 
observation. Secondly, scientists and practitioners lack the foundation to 
hypothesise the effect of motivations to build under one’s own terms. 
Innovation potential, economic implications and safety conditions 
determined by personal motivation lacks a foundation for future 
research. Thirdly, sustainability studies rely on contributions from firms 
and society. However, engineers, social scientists and innovation 
scholars cannot compare product innovation outcomes that are pre
dominantly firm-driven [26]. The environmental impact of autonomous 
product development is neither compared nor measured. Thirdly, if 
innovation outcomes are not presented from the community and 
autonomous developers, relationships between variables - such as 
innovation outcomes, motivations to build products, and development 
activities - are lost. Community managers cannot provide sustainable 
solutions to autonomous developers due to their unfamiliarity with the 
impact of community design on innovation outcomes. The domain – 
product innovation in open communities – requires a theoretical 
framework that can be applied across disciplines. For a framework to 
support theory-building and the development of the domain as a sci
entific field, it should be applicable to real-world problems. Therefore, 
an exploratory method supported with data from real-life settings is 
crucial. It provides a structured approach to test hypotheses in the next 
stage of theory-building. The framework should present an under
standing of potential relationships or variables in the new domain. 
Accordingly, the main research in this study is - how do individuals 
autonomously innovate products within open community settings? It is 
divided into three sub questions namely what type of product devel
opment activities can be observed in communities? what motivates in
dividuals to develop products autonomously? and which community or 
individual outcomes are derived as a result?

An inductive, grounded theoretical framework addresses how in
dividuals innovate products autonomously in communities. Its main 
contribution is foundation upon which, multiple disciplines can 
compare results that can contribute to improvements in the social 
wellbeing of individuals and groups. In the next section, we argue the 
importance of building products supported with literature throughout 
historical ages. In section 3, we describe how Gioia’s methodology of 
grounded theoretical discovery was applied to answer the three research 
(sub) questions. First, we interviewed 17 makers of woodworking, 
metalworking, robotics, and 3D printed products. We acquired and 
analysed data from semi-structured interviews, grounded theoretical 
discovery, and theoretical sampling. Data analysis was modelled on the 
works of Nag & Gioia [27] and adapted with a multi-grounded theo
retical approach [28]. In section 4, we introduce a framework of 
autonomous product development. This inductive framework answers 
the three sub questions. First, three types of product development 

activities were determined. Copying, innovating and acquiring exclu
sivity were placed across a range of product innovation. Second, inferred 
motivations demonstrated progression as four stages of autonomous 
product development. The stages evolving competence, innovating, 
intensifying personalisation and transcendence were further grounded 
in theory. We confirmed the necessity to evolve empirical findings with 
theoretical validation [29]. Finally, we linked product innovation out
comes from the community and the individual to their respective stages. 
We have summarized the results of this study in conclusion section 5. In 
the following section, we conclude with a discussion on how the findings 
support future research and key theories.

2. From stone age tool making to developing 3D printed 
products

The phenomenon of building and innovating products is most stud
ied within the boundaries of firms. However, it is insufficient to rely on a 
single field of research when ethnographers have long determined the 
vital role of tool-making in the advancement of societies [30–34]. In 
Mesolithic Norway, bone tools and fishhooks were found to display 
refined craftsmanship. Leroi-Gourhan reconstructed tool development 
patterns of the Mesolithic era. At the time, tools were built in a logical 
sequence of actions as if they were a set of operations undertaken to 
transform raw material such as skeletal parts into tools [7,35–37]. 
Neolithic artefacts include axes, chisels and adzes for woodworking and 
farming [38]. Ethnographic literature describes Neolithic tools as 
instrumental in the transition from foraging societies to fixed village life 
based on horticulture tools [39]. The Bronze age not only marks the 
discovery of copper it is considered significant by technological, social 
and archaeological scientists. This period highlights a relationship be
tween technology and society [6,8,40]. Awls, casting cakes and smaller 
household tools such as vessels, clips and pins increased productivity 
and social wellbeing [41,42]. Tools discovered in India between 1192 
and 1206 AD included glassmaking and textile technology. Glass flasks 
were found to aid in pharmaceutical processes and bow strings were 
used to separate seeds from cotton for textile production [43,44]. From 
around 800 – 1400 AD vessels that were lead and tin glazed, and ceramic 
were discovered to be significant in the Mesopotamia and Persian region 
[45]. During the industrial age, tool-making shifted from being indi
vidually handcrafted to becoming industrialised to produce goods and 
services [46,47].

Cognitive archeologists have linked high-level cognitive develop
ment in early humans to co-evolution of tool-making [48–50]. Humans 
copy actions from each other’s tool-making methods, which other spe
cies cannot [51–53]. Paleocognition researchers posit that tool-making 
is the outcome of intelligence interacting with the environment 
[54–56]. The brain’s ability to retain and manipulate information de
termines its development, even in children [57]. Even today, building or 
making is associated with learning complex problem solving [58,59]. 
Constructivist learning theories emphasise the act of making as con
structing material models to understand complexity [60]. Autonomous 
development practices are critical to educational, ethnographic and 
societal literature – particularly for scientific, technological, engineering 
and mathematical objects [61,62]. Developing products involves inter
dependent steps that need to be done effectively. One such step is 
copying or imitating, where makers take inspiration from existing de
signs and modify them to create their own products. In maker commu
nities, copying is a form of "remixing" or "recombining" existing 
knowledge and resources to create something new [63]. With auton
omy, developers are free to decide how they develop products even if it 
includes methods avoided by firms.

During the pandemic, medical equipment shortages were rapidly 
addressed by maker communities [64–67]. The open availability of 
product designs in maker communities continues to increase social 
welfare. Consider the case of a 3D modeler who develops a prosthetic 
limb using advanced modeling software and 3D printing technology 
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[68]. The outcome is a prosthesis that can improves the quality of life for 
an amputee. The process leading to this innovation is significant. The 
modeler’s journey involves research, design iterations, and mastery of 
3D printing techniques, contributing to their personal growth and 
expertise. When the modeler uploads their design files and assembly 
instructions in a 3D printing community, they share their knowledge 
with 3D enthusiasts, makers and healthcare professionals. This dissem
ination can fulfil a modeler’s motivation and contribute to collective 
innovation in prosthetics, potentially sparking further innovations.

Studies on product development and innovation are confined to 
management literature. As the definition of a product is limited to those 
produced for markets, this comes as no surprise [69–73]. In a study by 
Roberts, Palmer, and Hughes [74], they looked at how organisations 
seek new resources for product development by looking beyond their 
usual boundaries. They found that consumers who were initially 
selected for their potential in innovation were later excluded if they did 
not fit the company’s target market. This shows that even if consumers 
have great potential for contributing to new products, their relevance to 
the company’s target audience is a key factor in whether they are 
involved in the development process. Many similar studies are limited 
by firms’ boundaries and determined by markets and buyers [14–16,
17]. Sometimes these boundaries exclude product innovation that 
benefit society at large. Some examples are products developed indi
vidualistically for the purpose of personal household or healthcare 
[75–81].

3. Research Methodology

The study of product innovation in open communities is is an 
interdisciplinary subject across phenomena. We adopted a methodology 
that contributes to conceptual definitions across disciplines. Given the 
exploratory nature of the main research question, we selected a quali
tative methodology for its ability to explore social processes in a new 
domain [82]. We applied Gioia’s methodology of grounded theoretical 
analyses because as an approach, it supports discoveries in social, 
complex, real-life inductive methods. The study of individuals building 
products privately includes complex learning and developing processes. 
In the case of scientific, technological and engineering products, these 
processes often begin without prior knowledge.

Grounded theory is an inductive research method to discover new 
theories. The purpose of the grounded theoretical method is to let data 
guide the researcher’s analysis or theory creation instead of creating a 
hypothesis to be validated. The applicability of grounded theory lies in 
its systematic qualitative technique to new concept development and 
grounded theory articulation [27]. We applied overarching guidelines in 
structured empirical research for ‘good theory building’ [83]. Contri
butions from the Gioia method are significant to theory-building, 
particularly within the context of grounded theory. Grounded theory 
is a methodology that focuses on generating theory from data rather 
than testing pre-existing hypotheses, creating theories that are rooted in 
empirical evidence [82]. The Gioia method, a structured approach 
within this framework, is instrumental in providing a systematic process 
for interpreting qualitative data and advancing theory-building [84].

As Wacker [83] posits, "Theory-building provides a framework for 
analysis. It facilitates the efficient development of the field, and is 
needed for the applicability to practical real-world problems," such as 
understanding product development within open communities. In line 
with this, Wacker’s [83] research guidelines have adhered to for 
different theory-building methods, which stresses the importance of 
rigorous analytical procedures. There are four criteria that contribute to 
‘good’ theory building’, [83]. They are in the order of: i. conceptual 
definitions, ii. domain limitations, iii. relationship-building, and iv. 
predictions. The scope of this article is exclusive to a part of the first 
criteria i. conceptual definitions. Due to the broad scope involved in 
exploring a new domain thoroughlythe focus of this article is on con
ceptual definitions or ‘defining who and what is included in the domain’ 

[83].

3.1. Research approach

We modelled this analytical approach on Nag & Gioia’s study of how 
knowledge becomes a strategic resource for firms, who developed an 
inductive process model [27]. Utilising these methods of analysis, we 
developed a framework that provided answers to the research 
sub-questions. Nag & Gioia’s framework is based on interpretative 
research, so concepts were derived from the data rather than prior 
theory [82,85]. The method included a “theoretical overview, to pre
view major findings and grounded model” instead of elaborating on a 
“complex data presentation before revealing the major theoretical 
dimension” [27]. However, emerging concepts were further studied in 
literature on present theories.

Grounded theoretical discovery is a research approach that supports 
conceptual definitions in a new domain based on its social processes. At 
the same time, it was important to select the right open communities. So, 
we identified communities where individuals had open access to re
sources, and where real-world experiences could be openly observed. 
We selected communities where online access to an account was at no 
financial cost, where access to product development resources were 
openly available, and where the community supported the learning 
curve for product development. We found four communities that met 
these criteria. They specialised in physical technical products, particu
larly in 3D printing, wood working, machine- and robotics engineering. 
These communities specialised in products that were highly complex. In 
terms of product development, we labelled them in the category of 
scientific, technological, engineering and mathematical communities. 
Above all, the combination with autonomy, access and social purpose, 
all four communities fostered an environment to build from scratch. This 
was important because, it offered a sense of autonomy to makers.

Website content in the four maker communities were divided into 
four sections - i. product showcasing, ii. learning and education, iii. 
developing or creating and iv. member services and administration. The 
first section showcased products that were presented by makers. It 
included product files, details about remixing or innovating, and a 
comment section. In this section, any contributor could comment and 
discuss details about the product posted. The second section consisted of 
resources to learn how to build. Tutorials and courses were grouped by 
subject matter such as engineering, science, technology and robotics. 
Many online courses included lesson plans and activities for individuals 
wanting to teach other people how to build products. The third section 
was focused on building products, and makers could access this section 
to upload technical product files, with design files and documentation. 
They could also download other design and development files, to 
customize or recreate. All in all, it was visible that maker communities 
foster autonomous creation and rapid prototyping of products [86]. 
Without boundaries of hierarchies and controlled resources, we selected 
maker communities as open communities, and accordingly sources of 
product innovation [18–23].

3.2. Sampling

Over 120 makers and were evaluated from the showcase section of 
four online communities. We scanned makers with specialisms in 
products in 3D printing, wood working and robotics engineering. They 
were evaluated for their engagement and the products they showcased 
in the community. We excluded contributors, who did not engage 
frequently in the community, or who did not post regular updates about 
their products. Some communities offered a status badge for heavy to 
low participation in the community, which was considered, when pre
sent. We excluded products that were like those developed by makers 
already on the shortlist. So, if we shortlisted a maker, who produced 
model auto parts, then we did not consider interviewing a maker with a 
similar choice of product. We did this to seek maximum variation by 

C. Somers and J. Henseler                                                                                                                                                                                                                    Sustainable Futures 9 (2025) 100735 

3 



including general population trends and contrasting cases [27,87–89]. 
Later we revisited communities and product showcase sections for new 
instances, often to support emerging relationships or to explore differing 
instances.

Out of the 120 makers screened and approached, 17 were inter
viewed. 8 were 3D modelers, 4 were woodworkers, 2 CNC makers and 
metalists, 2 were robotics machinists, 1 was a scale modeler and another 
a DIY salvager. The 3D modelers work on designing, developing and 
printing three-dimensional products, through a process of 3D rendering 
and computational production. The woodworkers were individuals, who 
design and develop wooden products that can range from household 
furniture to musical instruments. CNC stands for computer numerical 
control. CNC makers are machinists, who designed, developed and 
assembled industrial, metal products such as engines. They do this using 
automated CNC machines that need to be pre-programmed and adjusted 
during the product development process. A robotic machinist develops 
roboticised machinery and instruments, designed and developed 
through robotics engineering methods. A scale modeler recreates 
physical prototypes on a generally smaller scale than original, real-life 
objects. A Do-It-Yourself salvager recycles artifacts to create new prod
ucts or recreates the original version of the product through significant 
restoration. We approached the informants through community chat 
and described my intentions from the study, which was to understand 
the range of innovation present to autonomous product developers in 
open communities.

3.3. Interviews

Interviews took place from December 2018 until June, 2019. They 
were conducted asynchronously, online, and through community chat, 
video calls and emails. We used community messenger for shorter 
conversations, or until an informant was conversant with us. We used 
emails for formal communication, such as reviewing the transcript, or to 
request and receive consent. As the dominant language in the commu
nity was English, we could interview informants from different parts of 
the world. After an introduction to the project and permission to pro
ceed, questioning began with the informant’s perspective on building 
products and innovation. We found that mentioning the antithesis of 
copying products created a realistic context for a range between building 
products and innovating them. Most responses demonstrated a trajec
tory, from learning to building products towards creating novelty. In
formants shared personal details about their interactions and support in 
the community. They often referred to other makers or community in
cidents during the follow-up that we cross-checked for relevance.

During the interviews, we summarized my understandings with the 
informant, and often sought feedback later, when we developed find
ings. This iterative process was critical to determine second-order 
themes. We also addressed follow-up questions to all the informants. 
This allowed me to check my assumptions when we structured the data 
later. In addition to the interviews, we spent significant time observing 
makers interact in online communities in general. We observed the 
journeys of many, who posted products, who commented in support of 
another maker’s progress, and who openly shared designs and even 
material. Before the interviews, we evaluated the four communities for 
their design and ease of access to information and resources. It helped us 
get a better understanding of the environment that maker communities 
offer, and the innovation that exists in them.

We conducted semi-structured interviews with ten main questions 
(Appendix A). The semi-structured format allowed me to model ques
tions based on the informants’ responses [90]. We began with intro
ductory questions about the informant’s perspective of copying, and 
innovation or novelty. We included questions about their perceptions of 
what could lie between the two. If it were mentioned, we asked after 
what learnings they needed to move towards innovation. Finally, we 
enquired about their decisions to build from scratch, why they copied a 
design or product in the community, and the influence of the community 

on their work.

3.4. Data analysis method

As we received responses from the informants, we began analysing 
data, following the Gioia methodology of grounded theoretical analysis 
[91]. It comprised of data collection through interviews, data analysis 
through coding responses, and concluded with structuring data into an 
inductive theoretical framework with second-order themes and aggre
gate dimensions. Gioia methodology has three levels of abstraction that 
we used to develop inductive grounded theory framework. The first level 
was a listing of first-order categories that were grouped from 709 ex
cerpts. Each excerpt consisted of an individual sentiment or message, 
which was extracted from the interview transcripts, amounting to 11, 
863 words in total. We used the language of the informants for 
first-order categories. These are centred around real-world experiences 
of the informants. The second level of abstraction has two levels. These 
are main second-order themes and their respective sub-categories or 
sub-themes. The sub-categories are concepts that we derived from 
first-order categories. They demonstrated a common pattern. 
Second-order subcategories were developed from common in
terpretations of first-order categories. In other words, we interpreted 
concepts, such as the acceptance of copying products, and copying to 
develop a competence as sub-categories from first-order categories. 
These concepts were then clustered as main second-order themes. All the 
main second-order themes were interpreted as product development 
activities performed by the informants.

Finally, the last level of abstraction included grouping second-order 
themes into aggregated dimensions [92]. Much like the model of anal
ysis utilized by Nag & Gioa [27], we grouped aggregate dimensions. 
Then, we scanned literature and emerging theories about the aggregated 
dimensions. By analyzing the grouped dimensions and literature, we 
identified connections between the data and established theoretical 
concepts. In some cases, we adjusted aggregate dimensions to new 
subcategories in second-order themes. It allowed us to expand on con
cepts that were also grounded in theory. Accordingly, we included ref
erences to theoretical concepts in the results.

In further detail, we coded interview responses separately and based 
on in vivo terms used directly by the informants. The direct language of 
the informants was presented throughout the analysis, and in this article 
as much as possible. We coded excerpts from responses into first order 
codes. Interviews were coded until no more distinctions in shared pat
terns were present. Then, these codes were analysed for theoretical 
categories, which we rechecked across all the first-order coding [85]. 
Once theoretical themes emerged, we looked for patterns or 
second-order categories. We determined six sub-categories that we 
could assign to three main second-order themes – copying, innovating 
and acquiring exclusivity. At this point, we reconnected with the in
formants to check my assumptions about a range of product innovation. 
With additional follow-up questions, we were able to detect patterns, 
and cluster second-order themes into aggregate dimensions. We estab
lished three aggregate dimensions – evolving competence, intensifying 
personalisation and transcendence. The three levels of abstraction 
contribute to the data structure demonstrated in Fig. 1 in the following 
section. The results from the iterative data collection and analysis pro
cess include first-order categories of prominence in the informants’ 
voices and second-order themes derived from our research in
terpretations that led to aggregate dimensions. Appendix B references 
prominent first-order data linking to the second-order themes and 
aggregate dimensions in further detail. There are three conceptual 
outcomes of this analysis– namely, a range of product innovation, stages 
of autonomous product development, and product innovation outcomes.

The informants’ personal data was pseudonymized throughout the 
analysis. Table 1 is a list of informants from 4 communities with the 
attributes collected during interviews. Some conversations took place 
through video calls, and we received consent to pseudonymise 
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usernames of the informants into pseudonyms or IDs. The first column is 
an ID consisting of one of four community IDs from A to D, and the serial 
number of the community informant from 1 to 8. Owing to this level of 
anonymity, we could not share the names and shortlisting specifics of 

the small list of communities. Still, the second column includes the type 
of product developer they are, and the last column includes the inter
view mode. Interviews were transcribed and sent to the informants for 
validation, and consent to analyse.

4. Results

4.1. An overview

The response to the main research question is depicted in the 
framework of autonomous development (see Fig. 1). This grounded 
theoretical data framework comprises the responses to three research 
sub-questions. The analysis reveals that the concept of a range of 
product innovation is associated with the second concept - stages of 
autonomous product development, and both contributed to innovation 
outcomes. Two out of three levels in the data structure illustrated 
associative connections. For instance, the three second-order themes are 
conceptualised as a range, and the sequence of aggregate dimensions 
corresponded to four stages of autonomous product development. We 
finally developed the concept of product innovation outcomes as factors 
influencing the autonomous product development stages. The results 
section is organised as follows: it begins with the data structure, fol
lowed by second-order themes or product development activities in a 
range of product innovation. This answers the first sub-question. Next, 
we present the aggregate dimensions that are motivations for product 
development and introduce stages of autonomous product development. 
After grounding the analysis in theory, we incorporated innovation as an 
additional stage. Innovation, a distinct phenomenon in literature, serves 
both as a product development activity and as motivation. Given the 
exploratory nature of the grounded discovery process, we applied it to 
the emerging concept of product innovation outcomes. The expanded 
representation of the data structure allowed for a detailed listing of 
product innovation outcomes, which concludes the results section.

4.2. The framework of autonomous development: A grounded theoretical 
data structure

The first outcome of the data analysis unfolds three levels of 
abstraction (see Fig. 1). From left to right, the first level is first-order 

Fig. 1. A Grounded Theoretical Data Structure: A data structure of first-order categories linked to second-order themes (development activities) and grouped by 
aggregate dimensions (motivations).

Table 1 
17 informants from 4 communities and their respective attributes. Interviews 
took place using community messenger, emails and one skype call.

Informant 
ID

Informant Type Community 
ID

Mode

A-1 3-D Modeler A Community 
Messenger | Email

A-2 3-D Modeler A Community 
Messenger | Email

A-3 3-D Modeler A Community 
Messenger | Email

A-4 3-D Modeler CNC Maker A Community 
Messenger | Email

B-1 CNC Maker B Web phone | Email
C-1 Wookworker Metalist C Community 

Messenger | Email
C-2 Wookworker Metalist C Community 

Messenger | Email
A-5 3-D Modeler A Community 

Messenger | Email
A-6 3-D Modeler A Community 

Messenger | Email
A-7 3-D Modeler A Community 

Messenger | Email
A-8 3-D Modeler A Community 

Messenger | Email
C-3 Woodworker C Community 

Messenger
C-4 Scale Modeler 

(Miniature Trains)
C Community 

Messenger | Email
C-5 DIY Salvaging C Community 

Messenger
C-6 Woodwork Restorer C Community 

Messenger
D-1 Robotics Machinist D Community 

Messenger
D-2 Robotics Engineer D Community 

Messenger
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categories in the language of the informants. Groupings of first-order 
categories are linked to sub-categories of second-order themes. These 
are then clustered into my interpretations of main second-order themes. 
The main second-order themes (development activities) were arranged 
by theoretical aggregate dimensions (motivations). They are individu
ally connected to subcategories in second-order themes, based on find
ings in literature.

First-order categories represent real-world experiences around 
product development in the context of open communities. We experi
enced enthusiasm about copying in the community, especially when it 
was without giving credit to the originator. Some informants were 
indifferent to copying products, and others frowned upon the act. 
However, copying, innovating and remixing was embraced by all the 
informants if it was to learn, and with credit to the originator. Most 
informants mentioned personal preferences and problem solving as 
subjects related to building performantly. As their competence grew, in 
some cases with confidence, so did the intensity to create personal 
versions of products, along with personal ways to build them. This 
created a unique experimental, learning experience that they expressed 
was rewarding and expressive of their originality. Further, first-order 
categories involved desires to exclude characteristics of common prod
ucts and development methods. Finally, connections to spirituality 
increased in the responses, where the informants preferred novel ideas 
and idea generation to exceed their own limits.

There are three main second-order themes – copying, innovating and 
acquiring exclusivity. The main categories were coded based on the first- 
order categories and my interpretations of the subcategories. In other 
words, we interpreted concepts, such as the acceptance of copying 
products, and copying to develop a competence - as sub-categories from 
first-order categories. These concepts were grouped by main second- 
order themes, which we interpreted as product development activities. 
They demonstrate a range of product innovation. Second-order themes 
are my interpretations of the activities that makers undertake in the 
context of building products, on their own terms and with their own 
resources. These interpretations of second-order themes are set in the 
context of the community. In other words, the theme copying involves 
the acceptance of the act, and the motivation to develop a competence. 
Innovating includes developing a competence to build and adapt the 
product. In addition, innovation includes the act of increasing or 
intensifying personal definitions of product novelty, and their own 
personal technique to develop. The theme – acquiring exclusivity, is 
interpreted as an exercise, involving the exclusion of other methods and 
products, which are common in the community. Finally, transcendence 
is a sub-category, while acquiring exclusivity. It involves exceeding 
personal limits, standards, and those of the community.

Aggregate dimensions are divided into 3 groups of motivation 
behind corresponding product development activities in the range. 
Evolving competence is the motivation behind copying and innovating 
products, to adapt them to personal needs. Intensifying personalisation 
is the drive behind building novel ideas in novel ways. It is comprised of 
activities that distinguish the product or development method, from 
other products and methods in the community. Finally, transcendence is 

a motivational state that is triggered by a desire to exceed on many 
levels, including spiritually.

4.3. A range of product innovation and stages of autonomous product 
development

There is a range of product innovation that can be observed in 
communities. Our analysis shows that second-order themes in the range 
are product development activities (see Fig. 2). The range starts with 
copying on one end and acquiring exclusivity on the other. So, on one 
hand, when a maker copies a product to learn how to build it, there is no 
innovation involved. On the other, after many personal alterations, and 
no similarity to other products, the outcome can be completely unique. 
Acquiring exclusivity is the other extreme in the range. After copying a 
product, it can be remixed, adapted or altered. Thereby beginning the 
act of innovating, which is we positioned in the middle of the range.

Aggregate dimensions are motivations to develop a product through 
autonomous means. These motivations answer the second sub question - 
what motivates individuals to develop products autonomously? Results 
show that the dimensions are stages of autonomous product develop
ment. Corresponding second-order themes are activities motivated by 
aggregate dimensions. To evolve a competence, a maker will first copy, 
and later innovate and adapt the copied product. The more their per
sonal needs increase, the higher the product novelty. Finally, a desire to 
distinguish their product from any other motivates them to transcend 
limitations.

4.4. The range of product innovation

In this section, we describe the results of the first sub-question - what 
product development activities can be observed in communities? The 
second-order themes line up as a range of product innovation. They 
consist of product development and innovation activities, undertaken by 
makers. Fig. 3.

4.4.1. Copying
All informants had strong opinions about copying other products, 

ideas and designs. Some felt copying in any form was unacceptable, and 
not worth posting. Oth/ers believed that nothing was built completely 
from scratch, and that ideas should be free. Many reflected on their 
relationship with the act, considering when they would choose to copy 
over building from scratch. Copying anything for the purpose of per
sonal learning was interpreted as permitted copying and remixing. This 
was considered acceptable. Using copying as a starting point in a project 
was familiar to them. Replicating the design of an expensive part of a 
product, or copying another product to find out how it was made. In 
literature, we observed that copying products is a catalyst, that advances 
firms towards a new idea or concept, albeit through counterfeit pro
cesses. Research on aesthetic product innovation validates that imitation 
and reverse engineering is a prominent start of the product innovation 
process, even though firms need to decide, whether they want to fight or 
co-operate with counterfeiters [93,94].

Fig. 2. The range of product innovation derived from main second-order themes (development activities).

C. Somers and J. Henseler                                                                                                                                                                                                                    Sustainable Futures 9 (2025) 100735 

6 



The two subcategories that contributed to this second-order theme, 
were acceptance of copying and evolving competence.

4.4.1.1. Acceptance of copying. This subcategory – acceptance of 
copying represents degrees of acceptance. Some degrees of acceptance 
are (i) copying without offering credit to the originator, or (ii) refer
encing the point of origin and (iii) respecting permitted levels of 
remixing. Makers differed in their preference for copying as a starting 
point to create and to innovate. Some believed that copying should only 
be permitted when credit was given to the original maker, whereas 
others referenced respecting the terms and conditions of the creative 
commons license especially for firms copying individual products.

A 3D modeler in community A commented on the importance of a 
creative commons license to protect the ideas of the individual from 
commercialization of borrowed products by firms:

The only reason I don’t publish under full creative commons per
missions, is that I feel that a for-profit company should have the funds to 
pay someone to make models for them and not rely on free models.

In another vein, CNC maker from community B frowns on copying 
entirely, and rejected the idea that copying might include inspiration 
from the original creator:

Some might rationalize it with “Oh I was inspired by the maker or 
artist and that’s why I copied their work.”. The informant doesn’t 
believe this is inspiration but copying, especially if it is a direct 
translation.

4.4.1.2. Competence. The second subtheme – competence, connected 
with the second-order theme - copying is linked to the aggregated 
dimension - evolving competence. Here, copying was directly recog
nized as a starting point and foundation to innovate. A broad under
standing was established from most makers about copying for personal 
advancement, and for familiarity, with methods to innovate or create 
new products. Moreover, innovators recognize the community as a 
platform that celebrates copying to be able to encourage newcomers to 
begin and develop a passion to build, as commented by CNC maker from 
community B:

[Community B] is built around sharing ideas and copying is cele
brated. Products are posted to be copied and for people, who like the 
design to recreate it. Makers typically enjoy enough to make alone – not 
necessarily wanting to profit from the exercise.

The first theme in the range of innovation demonstrates an anti- 
thesis of novelty. Makers described novelty as creating new products 
and discovering new methods to develop products. However, their 
context of copying was interpreted as an act of replicating a product, 
design or idea with contrasting purpose to eventually create something 

new.

4.4.2. Innovating
This second-order theme was a departure from the act of coping. It 

was developed as a starting point of emerging novelty. We interpreted 
this theme as innovating in the range, as it was described by informants, 
as the next product development activity after copying. First order 
categories that referred to innovating, mentioned remixing what had 
been copied or building over it, until it no longer resembled the original. 
Accordingly, this second-order theme comprised of two subcategories – 
innovation adaptiveness and intensity of personalised novelty and technique.

4.4.2.1. Innovation adaptiveness. The aggregated dimension evolving 
competence also includes a subtheme from the innovating second-order 
theme, namely innovation adaptiveness. This second-order subtheme of 
innovation is motivated by the aggregate dimension – evolving 
competence because the maker begins by altering a copied or replicated 
product to meet their personal needs. Here’s how woodworker and 
metal worker from community C shares an interpretation of the rela
tionship between copying and adapting innovativeness:

…usually my projects are a combination of “copying” some other 
projects and making it my own—tweaking something someone else did 
to make it a little more original. It is rare that things are exact clones of 
something else. Creations may have had inspirations and parallels, and 
that doesn’t mean it’s just a copy.

4.4.2.2. Intensity of personalised novelty and technique. Where the first 
three second-order subthemes focus on evolving competence, the next 
set of second-order subthemes transform into a phase, where the indi
vidual contributes more of themselves through novelty and personal 
technique. This third element established clear novelty outcomes in 
method and output and based on the individual’s problem-solving 
process. 3D modeler in community A had the following to say about 
the significance of personal novelty and technique (problem solving) 
when building:

In problem solving function it [personal novelty] is key above all. 
Aesthetics is a fair second but novelty of the product is not. In explo
ration novelty is first but even so, one person’s findings is just the tiniest 
bump standing on shoulders of giants.

This second-order theme is driven by the aggregate dimension 
intensifying personalisation especially since the context of the maker in 
the community begins to close in on individual ideas and methods. Some 
makers have gone so far as to reverse engineer an existing product, only 
to infuse their own context. Others associate novel techniques of other 
makers as an introduction to personal advantages in reducing cost and 

Fig. 3. Second-order themes are product development activities, and aggregate dimensions are motivation to develop products autonomously.
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effort.

4.4.3. Acquiring exclusivity
The last second-order theme consists of two final subthemes (1) 

distinctiveness of method and product, and (2) transcendence from 
personalisation. The former associates itself more with the aggregate 
dimension intensifying personalisation. Due to the dependency in the 
informants’ linkage to increasing intensity of personalised novelty and 
technique, the latter has motivation of its own – transcendence. This 
aggregate dimension represents contribution to the community, partic
ularly after a maker rises above mediocrity with novelty. 3D modeler 
from community A projects a connection and sequence between the 
aggregate dimensions of copying for evolving competence, intensifying 
personalisation and then the urge to “nurture gifts of talent” emerging as 
an extrinsic value for the greater good.

Maybe ego, it feels a bit degrading to my self-esteem to just replicate 
something without adding any part myself. But also a feeling of obli
gation or maybe a mission to nurture gifts of talent and inspiration to 
good.

4.4.3.1. Distinctiveness of method and product. The aggregate dimension 
- intensifying personalisation borrows from the subtheme distinctive
ness of method and product from the second-order theme acquiring 
exclusiveness. In acquiring exclusiveness, makers and innovators 
display an opposing reaction to community influence – of going against 
the trend and creating novelty. In order to do so, they represent 
distinctiveness in method or product. A growing intensity of person
alisation was observed in this subtheme and resulting distance to the 
community. These observations are best represented by scale modeler 
from community C.

I am somewhat unique in that I create my layouts entirely from 
scratch and without "reference images". See above (some people attempt 
to replicate real-life scenes). I do not attempt to replicate real life scenes. 
So on the scale of "copying" to "create from scratch" I am very much on 
the create from scratch side, more so than most other modelers. I don’t 
know why I do it this way. It would be way easier to just copy a reference 
image. In this project the waterfall/river scene is entirely from imagi
nation/scratch. I don’t really know if rivers and waterfalls actually look 
like that. I almost actively avoid reference images in cases like that. 
Seems odd but that’s just how I do it.

4.4.3.2. Transcendence from personalisation. The orientation of this 
subtheme depicts the maker as rising above oneself and towards 
increasing novelty in the community. Common associations with “ideas” 
and a separation from “self” led to an emphasis on ideas being a part of 
more than the maker and transcending above personalised creation. 3D 
modeler from community A references ideas as superior, external source 
that present fluidity to innovation in the community of makers:

When I create a new thing, my idea (how-to-make) is more important 
than the thing itself…

…Patents are not my way, I believe in free information flow. One of 
my goals could be to prevent patents by first publishing in cc license…

…Innovation is a free flowing [fluid] in the universe. Sometimes it 
comes to me, sometimes not. If stress on the job, it will not come. If I’m 
riding my bicycle, or (countryside) skiing in the forest, sometimes it will 
come. If the previous idea is unrealized, it will not come with new ideas. 
I have to write down the previous idea to paper to be free for new 
ideas…

The range of product innovation represents a spectrum of product 
development activities undertaken by makers in open communities. At 
one end lies copying, which involves replicating existing products with 
little to no modification. This activity can be observed in maker com
munities, where reverse engineering and imitation are prevalent. In the 
middle of the spectrum is innovating, characterised by creating novel 
products or significantly improving existing ones. This process often 

requires creativity, experimentation, and the ability to solve complex 
problems. At the other end of the spectrum is acquiring exclusivity, 
which involves securing uniqueness for specific products, thereby 
limiting similarities to existing products. Each of these activities plays a 
distinct role in the product development process and contributes to the 
broader landscape of innovation in communities. The range of product 
innovation is vital to understand dynamics of innovation within maker 
communities. These communities often operate outside traditional 
corporate structures, relying on informal networks and peer-to-peer 
collaboration. By examining the diverse product development activ
ities within maker communities, we gain insights into how product in
novations are triggered in non-traditional settings.

4.5. Autonomous product development stages

The aggregate dimensions identified in our analysis are fundamental 
motivations and stages of autonomous product development. It answers 
the second research question - what motivates individuals to develop 
products autonomously? These motivations can include factors such as 
the desire for competence, the need for personalization, and the pursuit 
of transcendence. Each dimension represents a different aspect of 
motivation, compelling makers to engage in the process of autonomous 
product development. We were also able to ground these findings in 
theory. In other words, after the analysis, we screened literature for 
existing theories about the relationship of product innovation and 
competence, personalisation and transcendence. We confirmed that the 
range of copying, innovating or acquiring exclusivity is motivated by the 
following aggregate dimensions.

4.5.1. Evolving competence
The following second-order subthemes contributes to the aggregate 

dimension - evolving competence. These are acceptance of copying, 
competence and innovation adaptiveness. Acceptance of copying is the 
activity of copying and giving credit to the originator. In order to learn 
to build, makers will struggle with how much of copying is considered 
acceptable before posting their results on the forum for feedback. 
Competence is the makers urge to develop skills in order to build 
something new. Innovation adaptiveness is the desire to alter the copied 
product and meet an individual need. Each of these subcategories were 
motivated by the individual determination to develop skills and build 
products.

4.5.2. Competence theories
In the research project on the theory of motivation, Robert White 

examined the individual’s willingness to leave an enduring impact on 
the environment through competency. He called competence motivation 
“effectance”. According to White, effectance satisfied an intrinsic need 
to cope with the environment, and the concept of competence is 
described as “the result of gradual learning by organism-environment 
interaction” [95]. Susan Harter further elaborated on this theory to 
create a framework called competence motivational theory (1978). In it, 
she emphasises the internalisation of self-regulated skill development. 
The aggregate dimension evolving competence represents individual 
ways, in which makers increase their competence to build and alter 
products. Copying products, ideas or designs played a significant role in 
this first aggregate dimension, where makers reflected on their rela
tionship with the act of copying including their own interpretation of 
terms of acceptance and benefits. We interpreted that the stages of 
autonomous product development begin with developing competence in 
method and output.

4.5.3. Intensifying personalisation
The results of our analysis begin to focus on the independent and 

individual nature in which makers create and innovate in this aggregate 
dimension. A typical stage, after developing competence to create - is the 
emergence of personal aesthetic and past reflection, shown in a 
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transcript from a call with CNC maker from community B.
The informant uses a sort of death-clock format to drive motivation. 

With the pressure of time, the informant finds the right opportunity and 
uses it to make it an expression of his personality and uniqueness. 
Another influencer is from this maker’s childhood, where as a child of 
missionary parents, relatively fewer toys left a lasting impression and 
memories. The informant needs to care about the products they sell. This 
maker is also influenced by free flow and there are always a few ideas on 
his mind for the future. These ideas are often connected to how they can 
be successful to the people who might buy them.

As the title for an aggregate dimension - intensifying personalisation 
implies more novelty for the maker and their identity for themselves, 
and their past. This choice of term was interpreted from the informants’ 
repeated references to the words “personal preference” or “because I 
want to” and common use of “I” compared to the earlier aggregate 
dimension that elaborated more on “learning”.

4.5.4. Emerging concepts in product personalisation
Although few theories have been established around personalisation 

of products, we refer to Grant et. al., [96], who describe product per
sonalisation as a process of “injecting meaning into products” and 
thereby “displaying a piece of themselves through that product”. Grant 
et. al., [96] further explain that “the reasons why participants felt con
nected to their products include strong emotions/memories, the amount 
of time and effort invested into the personalisation, a sense of achieve
ment”. Our findings show that makers are motivated by intensifying 
personalisation in the second aggregate dimension. They seek personal 
product novelty and individual distinction in technique. Finally, this 
intensity leads to a desire to achieve a higher personal sense of origi
nality. The second stage of autonomous product development is defined 
by the individual developing products that increases their sense of self 
and distinguishes itself from other products.

4.5.5. Transcendence
The motivation transcendence has a tight connection with the main 

second order subcategory transcendence from personalisation. For some 
makers, the necessity to contribute to a greater purpose connects closely 
to their originality – almost to a spiritual extent. In fact, makers in this 
stage of transcendence express it as being motivated by exceed limita
tions or rising through originality beyond something common. A 3D 
modeler from community A shares the attribution of unoriginal ideas to 
automation by machines, abstracting and projects “humanity’s” and the 
informant’s value as novelty of innovation:

These machines and software’s can sometimes deliver very impres
sive work that really appears human made. But they also seems to be 
limited to rehash or just slightly expand on whatever prior art they are 
fed as instructions. Whenever they are made to produce new, never seen 
before, content the result is usually oceans and oceans of random 
nonsense. This lead me to a kind of view on where value possibly hides, 
what make means, and the point of making an effort. Maybe true novelty 
that carries a sense of purpose or curious intent still is, for the moment, a 
uniquely human trait. In a time when remixing almost can be reduced to 
machine work, I’m drawn to express myself in the niche remaining 
outside.

In this context, the 3D modeler refers to the outside as the greater 
macro and purpose of the maker, implying rising above an opposing 
view of mass improvements and remixing (mediocrity). This abstraction 
reflects a willingness to contribute to a greater purpose of humanity, 
with novelty that offers freedom from mediocrity and mass production.

4.5.6. The role of transcendence in new product development
In their article, Takeuchi and Nonaka [97] introduce 

self-transcendence as an important sub-characteristic to develop new 
products in an ever-changing environment. Through multiple observa
tions, they describe this team characteristic as “elevating their own goals 
through the development process” and “overriding the status quo”. 

Above all, the authors of the article The New Product Development 
Game believe transcendence to be a contributory factor in 
self-organising new product development. Makers develop a need to 
transcend common techniques and products, especially in the commu
nity. The motivation - transcendence constitutes rising above common 
products, mediocrity and even ideas. Makers are motivated to acquire 
exclusivity in order to contribute to the greater good of the community 
by raising the bar themselves.

4.5.7. Innovation: The motivation to drive competence towards intensifying 
personalisation

Product innovation is a phenomenon. The act of innovating consists 
of the development of foundational skills because innovating relies on a 
solid base of knowledge and expertise. Without this foundational 
knowledge, it is challenging to identify areas for improvement or 
innovation. Innovation is emphasised as a new stage in autonomous 
product development, particularly because it serves as both a product 
development activity and motivation to develop products [98–100]. 
Amabile and Pratt’s dynamic componential model of creativity and 
innovation posits that both intrinsic motivation (e.g., enjoyment of the 
task) and extrinsic motivators (e.g., rewards and recognition of a 
finished product) increase product development [101]. We observed 
that once a maker obtains the necessary skills to build autonomously, 
they are motivated to innovate. Without altering the data structure, we 
singled out first-order categories related to innovation. In this stage, we 
interpreted makers as having competences that did not require them to 
copy or reverse engineer designs. We also represented this step prior to a 
desire to personalize products and methods. As a development activity, 
innovation is the act of adapting a product or design for the needs of the 
maker. As a stage of autonomous product development, we recorded 
new linkages as a concept called product innovation outcomes.

Once matched against the four stages in the journey, first-order 
categories described potential outcomes from the individual makers 
and the community that we extracted and highlighted in Table 2. During 
the act of copying (second-order theme and product development ac
tivity), a maker might trigger an outcome to reduce the effort of building 
something new. At the same time community participants benefit from 
the outcome of fair copying practices, when they respond about copying 
and giving credit to the originator. In the context of new product 
development in open communities, we inferred that these motivations 
were novel outcomes of autonomous product development. Kahn de
fines innovation outcomes ‘as the introduction of something novel such 
as an idea, method or product’ [102]. Furthermore, we also consider his 
definition of innovation outcomes as both an outcome and a process 
[102]. At the same time, we detected that there is an overlap between 
the outcomes and motivations. When a maker develops new skills, and 
posts about it, they may share a new competence, which is an individual 
motivation, and an outcome. Similarly, the community benefits from the 
post with access to new ideas, which is also motivation and an outcome 
to the community.

4.5.8. Product innovation outcomes
First order categories that were linked to aggregate dimensions, 

describe innovation outcomes in the context of autonomous and com
munity product development. Above all, the outcomes portray that 
creators exhibit high levels of proficiency and self-regulation, whereas 
the community offers structure, governance and support. Table 2 por
trays motivations and outcomes for both individuals and communities at 
each stage of the autonomous product development. Column 1 is a list of 
the aggregate dimensions that are stages in autonomous product 
development. The next column to the right called Individual Outcomes 
is a listing of first-order categories, where outcomes were individualistic 
or from the individual as a source. The last column on the right is titled 
Community Outcomes. It contains a list of second-order categories, 
where outcomes are from the community. Furthermore, categorizing 
first-order categories as motivations and innovation outcomes points as 
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possible interrelationships among stages, the community, and the 
maker. Ultimately, this categorisation informs our final research sub
question regarding specific, community or individual product innova
tion outcomes that may emerge as a result of our analysis.

Stage 1. Innovation outcomes in the evolving competence stage are 
learning outcomes for individuals, and governance outcomes for the 
community. They are outcomes that are subsequent to innovation. 
Makers copy an existing product to learn, and also reduce the cost and 
effort of product development. Subsequently, they speed up product 
innovation in their next build. Another outcome when using copying as a 
method to evolve competence, is the development of a foundational 
starting point that has worked for another product or innovation. 
Finally, the learning experience of product development is an innova
tion outcome. As individuals gain new competencies, they increase their 
potential to build novel products in novel ways. Innovation outcomes 
that benefit the community during this stage will promote an open 
innovation culture and foster open product development. For instance, 
governance, such as ensuring credit is given to original creators is an 
innovation outcome because it allows creators to publish their work 
without concerns about their products being counterfeited. So, out
comes such as copying and giving credit, copying with respect to the 
originator, permitted remixing and access to ideas are outcomes that are 
essential for a collective to offer fair innovation practices.

Stage 2. There are six individual and community innovation out
comes in the innovating stage. First, there is confidence in a maker’s 
competence to build, because it increases their potential to find new 
ways to build new products. Products are built as a way to fill a need or 
solve a problem. In their article on Individual Innovation Competence, 
the authors establish that self-confidence in a competence are indicative 
of autonomy, which is core to the concept of ADP [103,104]. Second, 

makers will use the innovation process to explore and apply new ideas 
and solve problems, which is an outcome that leads to innovative pro
cesses and solutions. Third, when copying is celebrated during the 
innovating stage, it contributes to innovation due to the openness to 
build and share even copied products. This promotes further product 
development and eventually product innovation. Communities benefit 
from outcomes such as new ideas and products that increases the rele
vance of the community to its participants. New techniques and content 
are also introduced, and lead to new perspectives. Above all, the inter
action and sharing of innovation experiences during this stage helps 
participants engage in collective creativity.

Stage 3. There are five individual outcomes and two community 
outcomes in the stage intensifying personalisation. Individuals will 
reproduce products for personal purposes creating innovations of their 
own preference. Another product innovation outcome is personal tech
niques and aesthetics, which when applied will allow makers to test a 
new method or personal aesthetics. The identification of commonly used 
techniques and trendy products indicates that they will adapt commonly 
used techniques, and trendy products in order to personalise them, often 
changing products significantly as a result. A maker’s need to express 
personal desires through making individual products triggers an 
inherent need for novelty that leads to product innovations. The 
outcome benefits the community, when this novelty is posted and dis
cussed with other makers. Similarly, the product innovation outcome 
community recognition of ideas and reinforces further product devel
opment, and thereby innovations.

Stage 4. Transcendence is a stage, where exceeding limits includes 
increasing openness. The first individual outcome in this stage is ideas 
that transcend the maker, where makers believe their ideas are of 
greater importance to the community than themselves (anyone in the 
community can copy my ideas). In some cases, thy believe their ideas are 
of greater importance to the world, when their ideas transcend the 
community. The next individual product innovation outcome arises 
when they describe their ideas as open enough to be copied. Their 
confidence in their own originality and ideation allows them to exceed 
any previous uncertainty from other people copying their products. 
There are four community innovation outcomes, which when present 
results in the creation of novelty. Self-expression that transcends crea
tion is an outcome, where makers value self-expression through product 
creation as more important than the creation or product itself. When this 
takes place the openness to create products for the purpose of learning 
and innovating is at the forefront. Peer-comparisons with trend-setters is 
when a maker’s peers compare them to trend-setters, whose products 
create popularity because of the individual building them and not 
necessarily due to the product themselves. When the volume of reso
nance in the community is higher than the personal cost to the makers 
then community recognition transcends intrinsic value.

5. Conclusion

With this study, we explore how individuals innovate products 
within open community settings. Using Gioia’s methodology of groun
ded theoretical discovery, the following three subquestions were 
answered - what type of product development activities can be observed 
in communities?, what motivates individuals to develop products 
autonomously? and which community or individual outcomes are 
derived as a result? For the first answer, we established three types of 
product development activities – copying, innovating and acquiring 
exclusivity. We placed them across a range of product innovation. The 
range shows that makers copy products in communities to learn how to 
build them. They innovate and adapt products, and finally they look to 
acquire exclusivity in order to distinguish what they’ve built from the 
original design, or any other product.

The second subquestion is what motivates individuals to develop 
products autonomously? We present inferred motivations behind the 
range based on the data structure. These resulted in conceptual stages of 

Table 2 
Individual and community product innovation outcomes.

Autonomous Product 
Development Stage 
(Aggregate Dimensions)

Individual Outcomes 
(First-order Categories)

Community Outcomes 
(First-order 
Categories)

1.Evolving Competence Reducing cost and effort Copying and giving 
credit

​ Starting point Copying with respect 
for the originator

​ Learning experience Permitted remixing
​ New competence Access to new ideas
​ Meeting individual needs ​
2. Innovating Confidence in 

competence
New ideas and 
products

​ Exploring and 
application for problem- 
solving

New technique and 
content

​ Celebrated copying Interacting and 
sharing innovation 
experiences

3.Intensifying 
Personalisation

Reproduction for 
personal preference

Community 
recognition of ideas 
and outcomes

​ Personalised technique 
and aesthetics

Novelty of products

​ Commonly used 
techniques

​

​ Trendy products ​
​ Expressing personal 

desires
​

​ Ideas that transcend the 
maker

Self-expression 
transcends creating

4. Transcendence Ideas that transcend the 
community

Peer-comparison with 
trend setters

​ Confidence in originality 
and ideation transcends 
copying

Community 
recognition transcends 
intrinsic value

​ ​ Creating imitations 
and foundations to 
remix novelty
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autonomous product development. We learned that when makers are 
motivated to evolve a competence, they copy products and designs from 
the community. They also evolve competences by innovating, where 
innovating a product is often motivation in itself. When makers 
personalise products, they are motivated by increasing personal novelty 
and intensifying personal techniques. They develop a desire to exceed 
their own limits of originality, and the limits of the community. In 
isolation, autonomous stages of product development are in the form of 
a journey of personal product development. The stages were grounded 
in theory, confirming the necessity to evolve the empirical findings with 
theoretical validation [29].

The third and final subquestion was which community or individual 
outcomes are derived as a result? The concept of product innovation 
outcomes answers this question. First order categories that could result 
in product innovation outcomes were assigned to each of the four stages 
of autonomous product development. 29 outcomes were classified by 
the community and the individual resulting in 16 and 13 respectively. 
The three subquestions were created to answer ‘what is included’ in the 
definition of variables in a new domain product innovation in open 
communities. ‘Who and what is included’ is a part of the first step in the 
framework that applies Wacker’s general procedure for ‘good’ theory 
building’. Based on real-world experiences and the selection of in
formants, we introduced makers and autonomous product development 
to management literature. The introduction of makers expands a con
ceptual definition of ‘what is included in the domain’ of product inno
vation with aspects of in open community literature. Each of the three 
concepts introduce a set of variables that help define the domain. The 
range of product innovation contains product development activities as 
variables. It describes what activities are done to develop and innovate 
products. The autonomous product development process has demon
strates progression in stages as characteristics that can be monitored. 
Finally, product innovation outcomes from individuals and communties 
are variables that can be observed as factors influencing product 
innovation.

6. Discussion

The framework of autonomous development supports two theories: 
diffusion of innovations theory and social learning theory. The frame
work answers the main research question by introducing a multidisci
plinary domain and three product innovation concepts. The range of 
innovation, stages of autonomous product development and product 
innovation outcomes are the foundation for future product research in 
open communities. Diffusion of innovations theory is expanded with 
autonomous development and innovations in an open and free social 
system [105]. Many of the products in this study had a focus on complex, 
Scientific, Engineering, Technological and Mathematical (STEM) de
velopments. The conceptualisation of how individuals and groups learn 
from observing autonomous development supports social learning the
ory and thereby education in complex subjects such as STEM [106,107]. 
The stages of autonomous product development illustrate makers on a 
journey of personal development within social learning systems [106].

With the framework of autonomous development, researchers across 
multiple disciplines have a baseline to compare the methods of in
dividuals building and innovating. Majority of research on product 
innovation is conducted based on the introduction of a firm’s products to 
meet market demand [108–110]. In similar vein, community innovation 
is portrayed as contributory to firms from large external groups [18–23]. 
Product development methods in firms can be compared to those in the 
household by being placed across the range of product innovation. 
Innovation scholars, community researchers and educational scientists 
can now record factors that influence development according to the 
three types of development activities. The influence of peer feedback 
from the community can be modelled and measured in future research. 
Studies on the role of copying in tool-making, learning-by-making and 
product development can be contrasted across cognitive archaeology, 

sustainability and product innovation fields. For instance, what effect 
does community feedback, group decisions or personal motivations have 
on the type of activity. Based on a long history of building and adapting 
tools to benefit society, firms can reconsider their role and restrictions to 
adapting their products freely. Community managers can design com
munities that cater to a makers development activity or stage of 
autonomous product development. For instance, if a developer is 
learning, they might need a safe virtual space, sufficient tools and per
missions to copy. Community moderators can offer experienced peers 
benefits based on their motivations in order to support beginners. R&D 
departments can increase skills and experience in transverse scientific, 
technological, engineering and mathematic product development in 
product communities.

The common set of motivations that trigger autonomous product 
development can be assessed in across disciplines. Motivations to 
develop products autonomously are in stages. First contributors are 
motivated to evolve a competence, then innovate, then intensify per
sonalised development, and finally transcend mediocrity. The relation
ship between motivations of the maker and the economic implications 
and innovation potential require future investigation particularly in the 
context of sustainability. Researchers can evaluate the use of resources 
in each stage. Similarly, technology researchers can measure the impact 
of advancing technologies in each stage. For instance, can person
alisation technology increase learning and product development out
comes for 3D printing developers? The environmental impact of 
autonomous product development can be compared or measured across 
13 individual innovation outcomes and 16 community driven ones. 
Sustainability studies rely on contributions from firms and society. Re
lationships between development activities and motivations can be 
modelled for several hypotheses related to environmental impact. Sci
entists can investigate when environmental impact changes based on 
innovation outcome. Similarly, social scientists can evaluate the influ
ence of community influences on individualistic outcomes.

The rigour in continuous data collection and analysis in the Gioia 
methodology reduces the risk of subjectivism and advances combined 
phenomenology for empirical research especially in the areas of theo
retical sensitivity, sampling, continuous coding and categorizing data. 
However, given the qualitative nature of this small data set, our analysis 
lacks clear, causal connections between the individual and community, 
and/or the product innovation outcomes. We suggest proponents of 
grounded theory reflect on inductivist approaches towards empirical 
analysis and the benefits of a structure in deductive, theory-driven 
analysis that includes quantitative grounding of the concepts [29]. 
The importance of integrating deductive, theory-driven analysis with 
inductive empirical research enriches the understanding of concepts, 
ensures they are grounded in established research, and enhance the 
overall quality and impact of the results. By preserving the identities of 
the informants, we ensure ethical standards and participant trust. 
Pseudonymisation ensures privacy by replacing usernames with coded 
identifiers and by minimising any risk of re-identification. At the same 
time, additional characteristics can illustrate a comprehensive picture of 
the individuals building products under their own terms. We encourage 
researchers to consider attributes such as profession, hobby, educational 
background and skills in interviews that protect the identities of the 
informants. Ultimately, we hope the open ethos of maker communities 
transcends profit-driven boundaries of product innovation and offers a 
network of sustainable techniques and future technology to a circular 
economy.
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Glossary of Terms

Term Description in the context of the article
Autonomous Product 

Development (APD)
Autonomous product development is a process, 
where individuals have autonomy to drive product 
creation, making independent decisions about 
resources, design and development methods.

New Product Development 
(NPD)

New product development is the process of 
increasing novelty in a product, by either improving 
its use, or solving different problems with the 
product.

Product A product is an item that serves a corresponding 
need, particularly as the solution to a problem. With 
the growth of a commons-based economy, products 
do not necessarily need to have commercial selling 
value.

Product Development In the context of this article, it is the process of 
designing, creating, enhancing or rebuilding complex 
products.

Product Innovation Product innovation is the phenomenon of 
introducing novelty in the design and creation a 
product.

Product Innovation 
Outcomes (PIO)

A product innovation outcome is an instance that can 
lead to the introduction of something novel such as 
an idea, method or product. It is an enhancement of 
the definition as both an outcome and a process by 
Kahn (2018)
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Appendix A

Interview Protocol
Introductory Information 

i. Personal introduction.
ii. Introduction of their products – their experience building products, experience in their specialism, experience in the community. Introduction 

to this Research: we are exploring the concept of product innovation in open communities. It would be helpful to get your understanding of 
what the span of innovation is in this community, and how the community influences how you innovate.

iii. As a maker, what specific meaning does the act of creating have for you? or what does the act of innovating mean to you?
iv. How would you describe novelty, with regards to building products? How would you describe copying, with regards to building products?
v. What would influence your choice to copy a product or build it from scratch? Are you usually faced with this choice?

vi. What is your perspective when a community member reproduces a product or project that is not original, but copied? Have you observed any 
specific excitement on the forum when a product is copied? What are your thoughts about this?

vii. What is your perspective when a community member reproduces a product or project that is novel, and gaining popularity? Have you observed 
any specific excitement? What are your thoughts about this?

viii. Can you recollect a response or reaction on the forum that changed the way you create or build the next time? Can you share an experience?
ix. How have other people’s opinions (in the community) influenced how you create new products?
x. Is there work you would not share in the community? Why? Is there work you definitely share in the community? Why?

Appendix B

Prominent Quotes on Three Levels of Abstraction
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First-Order Categories Second-Order Themes Aggregate 
Dimensions

Copying 
Acceptance of

Giving credit, where credit is due. [Accredited Copying] I have on occasion contacted those who copy (without any modification) to complain. 
Taking credit for others work or not acknowledging prior work if making modifications is 
not good. 3D Modeler, Community A
Oh I was inspired by the maker or artist and that’s why I copied their work.”. …doesn’t 
believe this is inspiration but copying, especially if it is a direct translation. CNC Maker, 
Community B

Posting despite the maker’s terms. [Copying with respect for the 
originator]

If they aren’t making any modifications to it, I think it’s in poor taste to 100% re-post it 
and credit the original creator. If they don’t credit the original creator, that is straight up 
stealing and is illegal a lot of the time. 3D Modeler, Community A
If they have specified ‘no derivatives’ then it disappoints / annoys me that the person 
copying this did not respect the originators wishes. That doesn’t mean they can’t make a 
derivative themselves for their own purposes but they shouldn’t post it if they goes against 
the creator’s terms that they applied when sharing the design. 3D Modeler, Community A
As long as the community member is following the terms of the license that the original 
author distributed the design under that is perfectly fine with me. 3D Modeler, Community 
A

Copying for self and learning and not to be published. [Permitted 
copying and remixing]

If I can copy and do it better or cheaper then I will. I’ve never had the intent to sell 
anything so it’s just for me. DIY Salvager, Community C
Copying is not commonly frowned upon as far as i noticed but sometimes larger 
uncredited work gets called out. 3D Modeler, Community A
As long as they aren’t claiming it as their original idea, I will commend them on their work 
and effort. I look at it as though they have made their own version of the original. 
Woodworker, Metalist, Community C
CopyingCompetence Evolving 

CompetenceBeing able to start somewhere. [Copying as a starting point] Initially, being able to make anything was important – especially since, he did not start 
with too many tools and then when he got a new place, he also had a workshop and CNC 
helped create art out of wood. CNC Maker, Community B
With woodworking for example, I like to consider that what we do is already something 
almost 99% of people will never do or experience in any way. If you got into it by copying 
a design or using plans from someone, more power to them! Woodworker, Community C
I like to see people reproduce products. Ultimately, they are doing something that a large 
percentage of our global population is incapable of. They are learning how the product 
works in order to replicate it and furthering their understanding which will in turn lead to 
a more rounded skill set on future projects. DIY Salvaging, Community C

Experimenting with new tools and exploring the complexity 
[Creating competence as a foundation for originality]

Copying allows people to iterate ideas, to put their own unique spin on a product, to 
experiment and to learn by following a guide. I would not have gotten anywhere in life if I 
confined my creation to something I thought was original. Woodworker, Metalist, 
Community C
I must be familar in the tools to be used. I cannot innovate in a new design software. First 
projects will be copies (spare parts). I must have a design goal and make some first tests. 
Then I need a time between (maybe working other projects). A great idea will come itself. 
3D Modeler, Community A
To me, remixing a preexisting model is like taking someone else’s photo or digital art and 
modifying it. You are adding your own flare to it and learning about how to use the 
program at the same time. Eventually if you find you enjoy doing this, you’ll likely level 
up and start creating from scratch. 3D Modeler, Community A

Copying complex or expensive work [Replicating to reduce cost 
and effort]

I do things for practical and cost savings reasons. If I think something can be bettered I’d 
look into making it. Then I determine if it’s in my skillset and decide if it’s worth my time 
to build it or just find an item similar and buy it. … I may look at making a simple copy of a 
very expensive industrial device. The path of least resistance is my goal. DIY Salvaging, 
Community C
Often it makes sense to follow instructions, copy and do what someone else did because it 
requires less time, effort and planning. Woodworker, Metalist, Community C
Do I spend a lot of time and effort trying to re-invent the way a table is most stable or 
sturdy? I wouldn’t. I would look up the tried-and-true methods on how to build a table and 
see which things I would have to follow step-by-step to gain some knowledge and 
experience on the method of building a table. Woodworker, Community C
Innovating 
Innovation Adaptiveness

Modifying the existing to suit a specific purpose [Meeting specific 
contextual needs]

I have models that serve little purpose and I have models that are supposed to be 
functional. The latter I create because I need something functional (like a coat hanger) but 
want something that also is interesting to look at. If I need something and there’s no need 
or desire to customize it to my own tastes, I’ll go out and buy it or download the already- 
existing model and print it. 3D Modeler, Community A
Yes, typically I like to search for other works to use as is, or modify them to meet my 
requirements as its easier to modify an existing design rather than start from scratch. 3D 
Modeler, Community A
But you can be sure I’ll customize it to my own liking. Thing such as height, materials, 
colours, finish. Those are things I would experiment with as much as I can. Woodworker, 
Community C

Remixing to solve problems and explore [Exploring and 
application for problem solving]

A large part of making things is the problem solving that comes with the task. The 
problem-solving opportunities are at every turn, not only how you will make something as 
in what steps do you need to take to make the item but also the tools you have available or 
lack thereof in some cases. Woodworker, Metalist, Community C

(continued on next page)
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(continued )

I like some novelty, but not just for novelty’s sake. I like novelty that opens up the solution 
space to different ways of approaching a problem. 3D Modeler and CNC Maker, Community 
A
My 3d printer I have bought as kit (K8200). Function was been very bad, so I have changed 
part per part. Some materials are re-used, but it is not the same printer as before. If I would 
buy a perfect machine, I will not have freedom to change what I like to change. And, I have 
got knowledge to make more tests. 3D Modeler, Community A
Innovating 
Intensifying Personalised Novelty and Technique

Intensifying 
Personalisation

Starting with replicating, finishing with personalisation 
[Reproducing for personal preferences]

I appreciate good craftsmanship, so if someone does a really nice job of reproducing 
something already designed, I’m impressed. If someone does a mediocre job of 
reproducing something, they may have learned something or may be happy with their 
product, but I’m not so interested myself. 3D Modeler and CNC Maker, Community A
usually my projects are a combination of “copying” some other projects and making it my 
own—tweaking something someone else did to make it a little more original. It is rare that 
thinks are exact clones of something else. Woodworker, Metalist, Community C
Personal preference, I do not want to be just copying other folk’s models. I have on 
occasion used a model as a starting point, but the changes are drastic enough to not merit 
giving credit. example I used a model of a dog to make a wolf sculpt but the final was not 
remotely recognizable as having been derived. 3D Modeler, Community A

Reverse-engineering to develop personal methods [Reverse 
engineering for personalised techniques]

So I have reverse engineered and then tried to design my own. By doing this, I have found 
out a computational system to generate this in an easy way. My series …are simple 
derivates of this idea. 3D Modeler, Community A
Before the informant was about to design the key fob for example, she looked at the 
gaming industry (game controllers) instead of observing the work of a key smith. That 
way, his own vision isn’t polluted. The informant perceives that most people don’t think 
this way, when they copy, they copy from the individual instead of being inspired by 
broader ideas. CNC Maker, Community B
I gather many information from communities, scientific publications, YouTube etc… but I 
want to design my own solutions. My purpose is to learn and build-up experience. Robotics 
Machinist, Community D
Acquiring Exclusivity Distinctiveness of Method and Product

Looking around so that no one else has done this before [Adding 
originality by distinguishing from the method or products of 
others]

It feels a bit degrading to my self-esteem to just replicate something without adding any 
part myself. But also a feeling of obligation or maybe a mission to nurture gifts of talent 
and inspiration to good fruition. 3D Modeler, Community A
I always like to create from scratch. Occasionally I check before starting on a design that 
there is nothing similar already available. If there is I seldom create my own version. I 
prefer to focus on new and novel things. 3D Modeler, Community A
While creating he tries to avoid observing other people’s work and believes that when you 
isolate yourself, you can come up with something cool and original. Today, novelty is 
almost the most important thing. CNC Maker, Community B

Novelty is significant for perosnal problem solving [Personalising 
problem solving and creating novelty]

Everything that ever gets built can use improvements and most of these improvements are 
pretty straightforward and incremental. That’s not a level of innovation that interests me 
to a great degree. I’m interested in exploring different approaches, which may not end up 
being practical, but the process opens up the solution space. 3D Modeler and CNC Maker, 
Community A
In those instances, they often feature something clever that is innovative / unique in the 
way it has been done. That provides a sense of satisfaction that you have succeeded at 
creating something new and different to overcome challenges. 3D Modeler, Community A
In problem solving function it (personal novelty) is key above all. Aesthetics is a fair 
second but novelty of the product is not. In exploration novelty is first but even so, one 
person’s findings is just the tiniest bump standing on shoulders of giants. 3D Modeler, 
Community A
I go for approximations that line up with my sense of taste. A lot of what I do is trial and 
error. Rolling with errors during the creative process is part of what makes something 
unique. Woodwork Restorer, Community C
Novel things are the product of replication, reflection, reproduction, revision, iteration, 
variation, slight modification, slight adjustments and continuous developments. 
Woodworker, Metalist, Community C

Interest in opinion versus peer feedback [Seeking feedback from 
peers or self-satisfaction]

There is always a bunch of awe from inexperienced users who don’t recognize that my 
contribution is trivial. I delete those. Others are more inspirational and subtle 
encouragement from peers. That’s what keeps me going. 3D Modeler, Community A
If I were creating a product that was intended for an audience, I would care about the 
audience’s opinion. But I create for myself, so I don’t listen to their opinions; I listen to 
myself. Woodworker, Metalist, Community C
but I can’t remember a time when someone’s reaction changed the way that I create. I 
know there are many people who change their process and what they build based on what 
will gain them more attention or will be more popular, but I don’t really focus on what 
other people think. Woodworker, Metalist, Community C
(Other user opinions …) They’re not. If I lost all my followers and nobody was liking or 
collecting any of my models anymore, I doubt I would change my behavior. 3D Modeler, 
Community A
Acquiring Exclusivity - Transcendence from Personalisation Transcendence

The idea transcends the maker [Idea transcends the person] I have this fantasy that I’ll design and post something that will catch people’s imagination, 
any it’ll take off with a life of its own. This pretty much never happens. 3D Modeler and 
CNC Maker, Community A

(continued on next page)
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(continued )

It’s more important to see through an idea I feel is genuine to myself. Having the picture in 
my mind come to life. Woodwork Restorer, Community C
Innovation is a free flowing fluidum in the universe. Sometimes it comes to me, sometimes 
not. If stress on the job, it will not come. If I’m riding my bicycle, or (countryside)skiing in 
the forest, sometimes it will come. If the previous idea is unrealized, it will not come with 
new ideas. I have to write down the previous idea to paper to be free for new ideas. 3D 
Modeler, Community A
It’s not possible to create something in a vacuum, it’s always a product of what you’ve 
seen and what you’re influenced by. That, and there’s only so many ways to make a 3DOF 
hexapod, so they’re bound to be similar structurally no matter what. But it’s less about the 
end result of that, they are predestined from the outset to be similar, but in the design 
approach, specific goals, and implementations of those ideas that can be unique and 
creative. Robotics Engineer, Community D

Novelty as an exclusive form of self-expression [Self-expression 
transcends making]

This led me to a kind of view on where value possibly hides, what make means, and the 
point of making an effort. Maybe true novelty that carries a sense of purpose or curious 
intent still is, for the moment, a uniquely human trait. In a time when remixing almost can 
be reduced to machine work, I’m drawn to express myself in the niche remaining outside. 
3D Modeler, Community A
(Novelty) to create a space I want to spend time in and around. Self-expression. Woodwork 
Restorer, Community C
For me the act of creating is a combination of art and invention. I find displaying and 
sharing my creations with others gives me gratification and inspiration to create more 
works. 3D Modeler, Community A

Sharing with the community as freedom to create [Freedom to 
create transcends personal ownership]

It’s important to me, to stay anonymous. Patents are not my way, I believe in free 
information flow. One of my goals could be to prevent patents by first publishing in cc 
license. 3D Modeler, Community A
Yes, my preference is to share all my works under an non-commercial open source license. 
I come from a software development background and feel that myself, and society in 
general has benefited significantly from idea of freely sharing information freely via open 
source licensing of software. By releasing my own works under open source licensing, I 
feel I am giving back to the community that I have benefited from as well. 3D Modeler, 
Community A
I would be delighted if someone asked me to reproduce my robot, providing they do not 
claim it as his own design. Even if I design my own robot I have many sources of 
inspiration and many solutions to problem were found on communities. Is-it copy or is-it 
the purpose of Community to share experience? Robotics Machinist, Community D
I believe ideas never appear by a single mind, but rater is fished out of a collective pond of 
influences. In this view the notion to owning the rights to ideas is appalling. Things that 
contribute to a world that works for everyone is the reward in itself. Replicate them as 
needed and then go fish for more ideas to spread. 3D Modeler, Community A

Data availability
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