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Abstract
Reuse of prior work involves multiple search processes within it and has been
characterized as the most common innovation creation method. However, reuse carries
the risk of imitating. Another important element for any successful innovation endeavor is
novelty, which is often linked to unpractical solutions. These seemingly contradictory
forces affect innovation processes, yet little is known about them. Digital artifacts in
various forms and contexts present an opportunity to examine both of these processes
openly and in unprecedented scale. This research examines 35,727 product designs
submitted to the largest 3D printing online community from January 2009 to June 2013,
showing how (i) digital artifact reuse, (ii) novelty and (iii) their interaction affect design
usage. | use a mixture of research methods to draw insights about how members of
open innovation communities search to create something new and how they build upon
preexisting work. A novel computer graphics method and a topic modeling method are
used to objectively measure the distance between the 3D product designs in terms of i)
their shape and ii) their semantic differences. These methods are used to quantify the
degree of novelty of a proposed design at the time of its submission, as well as the
distances between parent and final designs. In contrast to prior work, my findings
indicate that designers benefit from reuse. We find that reuse processes where
designers combine their prior work with the work of others yield better designs. A theory
of innovation as a search process to evolve prior designs and as a search process to
create novel designs is described to explain how reuse of prior work and novelty
synergize in collaborative innovation communities.

Summary

Reuse is the most widely used innovation creation method (van den Bergh 2008;
Kogut and Zander 1996; Schumpeter 1934). However, research on the actual mechanics
of such a process has been limited (Benner & Tushman, 2003) and combining others
prior work may sometimes be considered as copying or lacking novelty (Faraj et al.
2011).

In order for an invention to be classified as creative, it is expected to possess
novelty (Amabile 1996; Finke et al. 1992; Mumford 2003). Novel solutions are shown to
emerge from creative thinking processes (Davenport 2013; Woodman et al. 1993), but
these processes are surprisingly scarce in organizations (Scott 1987; Staw 1990)
despite their importance for organization survival (Massetti 1996). Unfortunately, novelty
is also often linked to unpractical solutions.

This research synthesizes two seemingly disparate perspectives on innovation:
first, innovation as a search process for novelty (Chidambaram and Tung 2005, 2005;
Dellarocas 2005; Dennis et al. 1996, 1997; Jessup et al. 1990; Sinha and May 1996),
and, second, innovation as a search process of evolution with reuse playing a vital role
in the success of proposed innovations (Aral et al. 2012; Burt 2004; Hargadon and
Sutton 1997; Jarvenpaa and Majchrzak 2010; Tiwana et al. 2010; Yoo et al. 2010).



Reuse networks provide a way of tracing innovation processes and detecting
the emergence of new ideas, combination of disparate ideas. Understanding the
underlying mechanisms that drive combinatorial innovation and specifically the decisions
made at the individual level by designers is a goal in its own right. To gain a deeper
understanding, | analyzed the creative methods and efforts of product designers in
Thingiverse, the largest online 3D printing community where participants freely
exchange, modify or combine existing designs. In addition, a computer graphics method
is used to measure the novelty of proposed product designs by comparing their 3D
shape distance (Figure 1 and Table 1) to any preexisting design.

Products have been traditionally shared as complete work, but a shift is under
way. Recently, users have gained extensive access to product designs as digital artifacts
through collaborative and open online communities. These digital artifacts of products
are intentionally incomplete, reprogrammable, reproducible, recombinable and
perpetually in the making (Faulkner and Runde 2009; Garud et al. 2008; Kallinikos et al.
2013; Yoo 2010; Yoo et al. 2010; Zittrain 2008). Digital artifacts are commonly deployed
within these online communities (Ma and Agarwal 2007). However, little is still known
about how digital artifacts become generative, meaning the extent that they will be
remixed by others (Yoo et al. 2012). Most of the research on online peer production has
focused on the most successful projects (Crowston et al. 2008; Hill and Monroy-
Hernandez 2012). My work on the other hand a complete corpus of product designs in
an effort to gain a more complete understanding of the dynamic processes involved.

A body of open innovation literature is emerging from fields including information
systems, which can serve as a reference discipline for new product development
(Nambisan 2003). However, this literature rarely considers how product architectures
affect strategic choices (Ulrich 1995; Yoo et al. 2010) and little attention has been given
to studying the impact of information systems on product development (Banker et al.
2006; Krishnan and Ulrich 2001). While this literature considers many aspects of open
innovation, the dynamics concerning the reuse of digital artifacts have been overlooked.

This research builds upon and aims to extend theories pertinent to digital
artifacts, open innovation and online communities. The relationship between two
seemingly contradicting forces, novelty and digital artifact reuse, was assessed. Novel
designs not only yield more popular designs, but are also more practical. Designs that
built upon prior work also yield better designs than their counterparts. | also find that the
impact of ambidextrous remixing processes is noticeably higher than the impact of any
other remixing process. In addition, | present results indicating that novelty and reuse of
prior work synergize in open innovation communities.

In the open innovation community discussed, designs very novel at the time of
invention attract 2.4 times more downloads, 2.1 times more likes, and are 2 times more
generative than very imitative designs. In addition, very novel designs were
manufactured 1.9 times more than very imitative designs. This last result is particularly
noteworthy because the instantiation of product designs can be seen as an indication of
utility. In most studies of creativity, novelty is thought to tradeoff with utility: in this
community, novel designs have better outcomes.

Designs that were both novel at the time of their submission and inherited ideas
from preexisting designs were 2.6 times more popular, were manufactured 3 times more,
used 3.8 times more and remixed 4.1 times more. An exponential regression model
controlling for factors identified in prior literature suggests that novelty and remixing
processes have a positive impact on the use of an open innovation design.
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