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The diffusion of 3D prin�ng technologies a�er the expira�on of key patents in 2009 brought 
novel manufacturing applica�ons beyond prototyping (Thompson et al., 2016). Par�cularly, 
Addi�ve Manufacturing (AM) has enabled more integrated strategies for new product 
development and fabrica�on. As a result, AM has been considered as a promising instrument for 
new business crea�on (Rayna & Striukova, 2016). Studies concerning AM and entrepreneurial 
ac�vity rarely consider the interac�ons with technology. Yet, theories that describe the 
rela�onship between product architecture and manufacturing organiza�ons suggest that greater 
flexibility in product architecture would bring greater flexibility to the crea�on of the firm 
through a process of mirroring (Colfer & Baldwin, 2016). Addi�onally, theories of effectual 
entrepreneurship describe the crea�on of markets as nego�a�ons between entrepreneurs and 
possible partners with the product and the means of the entrepreneur at the centre of such 
nego�a�ons (Sarasvathy & Dew, 2005; Zahra et al., 2006). The research presented in this thesis 
examines the idea that flexible product architecture in 3DPrin�ng gives entrepreneurs greater 
flexibility in product design and an increased flexibility in the acquisi�on of partners.

Two studies were carried out under a grounded methodology to explore the effects of 
complexity in the idea�on of business opportuni�es. Both studies are based on design exercises 
that study the impact of idea genera�on using imaginary images, sketches, and prototypes in 
design (Finke, 1996; Kudrowitz & Wallace, 2013). The first study included six teams of 
par�cipants who used a building set with the same budget condi�ons and objec�ves. The 
control group received tradi�onal produc�on cos�ng, while the AM one received free 
complexity cos�ng. Idea complexity was measured in the number of blocks used to build each 
component, and the number of connec�ons in each joint. The second study consisted of an 
idea�on exercise where 308 par�cipants interpreted abstract, randomized images of objects of 
varying complexity to imagine possible future product and firm par�cipants. Their responses 
were analysed to extract networks of product categories and stakeholder iden��es. Answers 
were evaluated in terms of novelty, literality, and network composi�on.

The results of both studies challenge some of the arguments that explain the benefits of AM as 
increased freedom in product design. Instead, the results suggest that complexity freedom is 
filtered through the manipula�on of morphology in design explora�on. This argument advocates 
for an embodied design explora�on where the perceptual features of technology influence 
idea�on. 

This thesis contributes to the understanding of the rela�onships between AM, entrepreneurship, 
and design. The studies presented here highlight the need to reconsider claims made in recent 
years about the advantages of increased flexibility for entrepreneurship with the introduc�on of 
AM. In addi�on, the focus on technological interfaces expands the domain of entrepreneurship 
and firm design including percep�on, which is not accounted for in strategy and business 
modelling.

Abstract

2



Why should we focus on 
3DPrinting?
The expira�on of key patents in 2009 accelerated the diffusion 
of 3DPrin�ng as a technology that can enable the crea�on of 
new manufacturing capabili�es. The main advantages of 
3DPrin�ng come from the ability to produce any geometries of 
varying complexity under the same cost, as long as they need 
the same material and energy (Baumers, 2012). This 
complexity freedom represents an important advantage in 
front of tradi�onal manufacturing processes that require the 
fabrica�on of moulds that increase in cost as geometrical 
complexity increases. 

Complexity freedom can develop capabili�es in manufacturing 
ventures at different levels of implementa�on. Ini�al 
implementa�on of 3DPrin�ng can accelerate new product 
development with the fabrica�on of rapid prototypes. Further 
integra�on permits the fabrica�on of flexible tooling that 
accelerates �me to market. Full integra�on allows the direct 
fabrica�on of products with 3DPrin�ng technologies or 
Addi�ve Manufacturing (AM) (Gibson, Rosen, & Stucker, 
2010). AM opens spaces for compe��on by breaking the 
trade-offs between the complexity and volume of produc�on 
batches (Conner et al., 2014). The same complexity freedom in 
AM also provides the experimenta�on with business 
modelling. The flexibility in the composi�on of the product 
architecture lets firms explore alterna�ve markets and 
different ver�cal integra�on configura�ons without increasing 
produc�on costs (Rayna & Striukova, 2016). Accordingly, AM 
has been proposed as a strategy for the crea�on of circular 
economies through open and distributed manufacturing 
models able to produce high complexity products out of 
recycling material (Advisory Board for cirkulær økonomi, 2017; 
Thomas, 2015).

The impact of AM is be�er understood if the rela�onship 
between product and organiza�onal structures is accounted 
for. Product architecture describes the rela�onship of 
components within a product as a result of func�onal 
alloca�on (Ulrich, 1995). It has been observed, that the 
communica�on channels of teams responsible for the 
fabrica�on of components mirror the interfaces between such 
components. Changing the configura�on of product 
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architecture impacts firm performance and New Product 
Development (NPD) (Sanchez & Mahoney, 1996). It is proposed 
that this mirroring process extends beyond the organiza�onal 
structure to the organiza�on of market ins�tu�ons and the 
defini�on of performance in the industry (Christensen & 
Rosenbloom, 1995; Colfer & Baldwin, 2016; Murmann & 
Frenken, 2006). 

Thus, using AM for the fabrica�on of end products should create 
new opportuni�es for new business ventures by:

• Allowing the incorpora�on of more func�onal complexity 
without increasing manufacturing investment and product 
cost
• Breaking the trade-offs between produc�on complexity and 
volume 
• Enabling the configurability of each product
• Facilita�ng the explora�on of new markets without 
modifying fabrica�on tooling
• Experimen�ng in ver�cal integra�on of the value chain to 
benefit the business model
• Modify product architecture to project the future of the 
organiza�on and influence the structure of the industry

The use of 3DPrinting in direct 
manufacturing processes (AM) creates 
new spaces for the creation of 
differentiation strategies (Conner et 
al., 2014). 

In the creation of new businesses, AM 
gives chance to experiment across 
markets related to the original idea 
and adapt the value chain to the 
interests of the venture (Rayna & 
Striukova, 2016).
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There is evidence to suggest that greater 
availability in manufacturing complexity should 
foster greater organizational �exibility for the 
creation of new �rms.
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While more expensive at low 
complexity levels, the constant cost 
per part in AM has an advantage over 
conventional manufacturing methods. 
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Thus, this research project asks; how does 
complexity freedom in�uence the ideation of new 
business ventures?

How was research conducted?
A mul�disciplinary analysis of the literature discovered that 
most models that describe the possible AM implementa�on 
scenarios for the crea�on of new business ventures use a 
design process portrayed as a ‘search’ (Simon, 1988). Under a 
‘search’ paradigm, the problem space already has all the 
possible solu�on combina�ons. Thence, the design of a firm 
that uses AM is a decision-making process used to find the 
op�mal product architecture that aligns the interests of the 
customer segment and stakeholders with the business model. 
A ‘design as search’ paradigm assumes that the use of AM 
provides the entrepreneur with more flexibility to experiment 
and incorporate more solu�on combina�ons in the idea�on of 
a new business venture. These incorpora�ons can include 
more product features, interfaces with other products, 
modifica�ons to cooperate with other stakeholders, or 
configurable architectures. Yet, no evidence of the 
development of this process is found in the literature. 

 

The entrepreneurial process is 
portrayed as a search where the 
resource intensiveness and the 
complexity of the market opportunity 
require different search strategies
(Furr, Nickerson, & Wuebker, 2016). 
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The research project used two studies to verify the effects of 
AM in the crea�on of business opportuni�es. Contrary to most 
of product development processes, entrepreneurs are not 
always expert designers. Thus, the studies were run with 
par�cipants with interest in startup crea�on, regardless their 
design engineering exper�se. The hypothesis presumes that 
the recogni�on of the problem space is restricted by the 
technological means considered in entrepreneurial idea�on. 
Therefore, both studies had the objec�ve of comparing the 
complexity of the problem space with the complexity of the 
solu�on space under complexity freedom condi�ons.

The first study used a building kit to simulate the use of AM for 
the crea�on of a market opportunity. 24 par�cipants were 
divided in six teams that received one of two different versions 
of the toolkit. Four teams received a kit that performed as 
tradi�onal manufacturing methods where more complexity 
increases the cost. The rest used a kit that performed as AM 
with complexity freedom. The performance metrics for each 
kit were drawn from exis�ng cost comparisons (Allen, 2006; 
Atzeni & Salmi, 2012). 

Study 1 provided a building kit that 
entrepreneurs used to build products 
in teams. In order to bypass the 
complexity of CAD interfaces, the kit 
used an analogue combination of 
poles and joints with different costs 
drawn from studies that compare AM 
with die cast moulding.   
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The second study used a mental imagery exercise to simulate 
entrepreneurial idea�on (Finke, 2014). A genera�ve algorithm 
was used to produce images of abstract volumes of different 
complexi�es. 308 par�cipants were each given an image and 
asked to ideate a market opportunity by imagining it as a 
product. Later, they wrote the descrip�on of the market 
opportunity as a set of 13 statements that described the value 
proposi�on, the target market, and possible stakeholders.

Study 2 reduced the design task to a 
mental imagery exercise where 
participants interpreted abstract 
volumes of different complexities. 
Volumes were generated through a 
shape grammar algorithm (right). 
Later, a set of ten images of varying 
complexities and symmetry were 
selected for the study (below). 
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Contrary to the literature 
assump�ons, neither of the 
studies could find evidence 
that linked the presence of 
complexity freedom with 
the percep�on of more 
solu�on combina�ons in the 
idea�on process. 

Study 1 demonstrated that 
there is no significant 
difference in the alloca�on 
of func�ons in product 
architecture between 
groups with or without 
complexity freedom. 

Study 2 failed to find a 
pa�ern of complexity or a 
significant difference in the 
language that composes 
business ideas when 
products of different 
complexity were ideated. 

In both studies, the ideated 
products and business ideas 
do not present more 
complex architectures when 
more complexity is available 
for the idea�on of products. 
Thus, they ques�on if the 
percep�on of problem 
spaces is the origin of the 
modulariza�on process as 
inferred by the product 
architecture literature 
(Colfer & Baldwin, 2016; 
Conway, 1968).
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Study 1 - Difference between the size and number of elements used by teams of 
participants that used AM and conventional kits.

Study 1 - Difference between the qualitative complexity and affordance scores used 
by teams of participants that used AM and conventional kits.

Study 2 - Size of the concept networks of generated ideas measured in the number 
of categories (nodes) and conections between them (edges).

Study 2 - Average closeness centrality of categories used in each image.
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Yet, across both studies, 
results show that ideated 
products and opportuni�es 
could be categorized by 
themes regardless their 
architecture. Such 
classifica�on points out 
similari�es in the way 
par�cipants perceived the 
problem space, that are not 
related to the systemic 
understanding of the 
problem. A�er the 
elimina�on of confounding 
variables, it is suggested that 
the common structures 
recognized by the 
par�cipants are present in 
the seman�cs of the 
resources’ shapes and not in 
their systemic composi�on. 
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Study 2 - The categories of objects, 
components, stakeholder identities, 
and organizations were mapped 
together and analized at different 
levels of aggregation (above). The 
resulting map provided clusters of 
categories that were perceived in the 
problem space regardless the 
complexity structure (below). 



The obtained results suggest that the initial 
product idea is not originated in the analysis of 
the modularization of the problem structure but 
might be in�uenced by the morphology of 
technology.

What does this research 
conclude?
The results of these studies ques�on the models that have 
been used to forecast the impact of digital technologies, such 
as AM, in the crea�on of new business ventures. As 
men�oned above, both the tools used in Design For Addi�ve 
Manufacturing (DFAM) and the tools used to generate market 
opportuni�es and business models assume that idea 
genera�on is a straigh�orward search process. In such search 
processes, problem defini�on is clear and sta�c. 

Methods for DFAM suggest that product design is a staged 
process where design is already finished once it is introduced 
to the produc�on stage (Ponche, Hascoet, Kerbrat, & Mognol, 
2012). Accordingly, there is a subs�tu�on fallacy in the 
implementa�on of designs that are developed from the start, 
as if the architecture could not be changed later (Stern, 2015). 
This contradicts the flexibility that digital technologies provide 
to product development and undermines, par�cularly, the 
development of AM centred design. Our results support this 
argument and suggest that despite complexity freedom, 
entrepreneurs might need the crea�on of a knowledge 
structure to process the available complexity freedom.

The most popular entrepreneurship methods use itera�on 
cycles for the crea�on of business ventures (lean, value 
proposi�on design, etc.). Yet, they also present similar 
limita�ons. Contrary to design based on itera�ve explora�on, 
these methodologies suggest that itera�on in the search 
process is necessary to discover or find the right combina�on 
of solu�on elements and do not recognize the development of 
affordances through the process nor possible changes in the 
problem structure (Furr, Nickerson, & Wuebker, 2016).

Current models behind AM 
implementation inherit design 
approaches from conventional 
manufacturing staged processes. 
Contrary, a global approach that 
exploits AM capabilities requires a 
concurrent design approach with the 
technology (Ponche, Hascoet, Kerbrat, 
& Mognol, 2012).
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This research suggests that these underlying models of design 
cogni�on do not account for the interac�ve process that 
informs idea�on. The percep�on of shape is a process of 
affordance recogni�on that relates the proper�es of the 
environment with the proper�es of the agent in charge of 
idea�on. From this perspec�ve, entrepreneurs, designers, and 
engineers imagine only the ideas they can perceive through 
the affordances in the technology itself. Drawing from our 
results above, this research project suggests that the 
recogni�on of those affordances is originated in the 
morphology of the technological means rather than the 
system structure of the problem. However, more research is 
needed to model this recogni�on mechanism.

These results invite us to reinterpret the used models of 
design as an itera�ve explora�on between problem and 
solu�on spaces (Dorst & Cross, 2001). As an interac�ve 
process, the manipula�on of 3DPrin�ng builds affordances 
with the idea�on actor and her background. Thus, the 
manipula�on of the technology in a first cycle of idea�on will 
open a way to the interpreta�on of new affordances because 
it also changes the composi�on of the problem space 
(Buchanan, 1992; Finke, 1996; Goel & Pirolli, 1992). Thus, the 
manifesta�on of the solu�on developed through AM provides 
a new affordance that can be reinterpreted differently every 
�me it is modified and manufactured again. It is possible that 
this interac�on process is more visible in 3DPrin�ng due to its 
speed and flexibility despite being present in slow 
conven�onal processes. 

This research project suggests that 
entrepreneurial ideation processes 
emerge from the continuous 
manipulation of the technology 
affordances that make sense for the 
entrepreneur’s environment. (Model of 
interfacing adapted from Krippendorff, 
2006)
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Changing the assumed model of design cogni�on acomodates 
alterna�ve models of entrepreneurship that describe market 
crea�on as a process developed through the nego�a�on with 
other stakeholders. These theories suggest that firms and 
markets are created through the interac�on and enactment of 
the resources that surround the entrepreneur, including the 
product and its technology (Baker & Nelson, 2005; 
Johannisson, 2011; Sarasvathy & Dew, 2005). Accordingly, by 
making product transforma�on accessible through AM, 
entrepreneurs can experiment and iterate business ideas with  
the purpose of building the market opportunity incrementally.

The results of this study highlight the need to research the 
models of crea�vity inherited to organiza�onal sciences, 
entrepreneurship, and technological development. They pose 
ques�ons regarding the study of morphological affordances of 
technology, the possibility of leveraging technology in market 
crea�on, the design of tools to be�er exploit complexity 
freedom, and the design of organiza�ons that can exploit open 
and distributed fabrica�on. They demonstrate that the 
implementa�on of 3DPrin�ng technology merges ac�vi�es 
that were spread along the crea�on of a business, the design 
of a product, and the development of the value chain used in 
its produc�on. Moreover, this studies display an example of a 
mul�disciplinary approach to study such phenomenon.

The flexibility of complexity freedom 
creates opportunities for the 
experimentation of market creation. 
Through AM, new stakeholders can be 
included by modifying the product 
architecture as needed. The further 
inclusion of stakeholders creates a 
network that will later develop the 
market insititutions as proposed by 
Sarasvathy & Dew (2005).  
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