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Abstract
Research Summary: Firms often celebrate accidental

inventions that lead to major breakthroughs, yet little is

known about how the value of serendipitous inventions

materializes. Using data from 8530 patented inventions

across 23 countries, our research shows that these

inventions differ from planned R&D outcomes. Seren-

dipitous inventions are less likely to have a strong tech-

nological impact, be turned into marketable products,

or serve as effective blocking tools in patent strategy.

However, they are more likely to generate value

through licensing, indicating that while they may not

fit the originating firm's strategy, they can succeed else-

where. Hence, serendipitous patented inventions repre-

sent “option-like” assets that offer external channels to

capture value rather than relying on internal use.
Managerial Summary: Accidental breakthroughs like

microwaves, penicillin, or Velcro are often celebrated,
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but their potential to create value in practice remains

unclear. Analyzing data from 8530 patented inventions

across 23 countries, we find that such serendipitous

inventions differ fundamentally from planned R&D

outcomes. They are less likely to yield major technolog-

ical impacts, products, or strategic patents but more

likely to generate value through licensing, functioning

as “option-like” assets that are valuable externally more

than internally. Thus, relative to planned inventions

that benefit from downstream complementary assets,

serendipitous patented inventions pay off more for

firms with strong licensing or technology-selling

capabilities.

KEYWORD S

inventor survey, patent data, planned inventions, serendipitous
patented inventions, value materialization pathways

1 | INTRODUCTION

Serendipity has emerged in both management theory and practice as a mode by which firms
innovate, instead of strictly relying on planning (Austin et al., 2011; Mintzberg, 2026). Serendip-
itous inventions are not just random occurrences or luck. Although they originate as unex-
pected outcomes of innovation activities, firms retain some degree of agency over their
emergence, and they can be valuable (Busch, 2024). This interplay between luck and agency
reflects a long-standing argument in strategy that valuable outcomes under uncertainty may
arise partly from luck rather than superior foresight, while firms' choices and capabilities shape
their ability to benefit from such outcomes (Barney, 1986; Cockburn et al., 2000). The value
aspect lies at the core of a strategic perspective on serendipitous inventions in firms, yet it
remains underexplored. Most theory on serendipity has been devoted to how firms can create
procedures and processes that are conducive to serendipitous inventions (Austin et al., 2011;
Busch & Barkema, 2020). Theory on the value of these inventions has largely focused on the
importance of recognizing their potential and making dedicated choices to realize their value
(Busch, 2024; Denrell et al., 2003; Gavetti & Menon, 2016). In that sense, the origins of competi-
tive advantage can lie in firms' heterogeneous responses to idiosyncratic circumstances whose
value is not fully apparent ex ante (Cockburn et al., 2000). However, we still know little about
which choices firms make for value materialization from serendipitous inventions. Unpacking
these choices is at the heart of our study.

An important challenge for studying the value materialization of serendipitous inventions
lies in empirical observability. Large parts of the research rely on anecdotal evidence and prom-
inent cases such as microwaves, penicillin, or Velcro (Busch, 2024), which could suggest that
the average value of serendipitous inventions is enormous and that firms should systematically
redirect resources from planned to serendipitous innovation practices. However, it remains
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unclear to what extent research can generalize from prominent but isolated cases, especially
since low-value serendipitous inventions are rarely identified and analyzed. In this study, we
take advantage of a unique opportunity to observe serendipitous inventions across a large set of
patent applications using data from a survey of inventors. We employ an explorative approach
and structure our analysis around potential pathways through which value from patented
inventions materializes. We then compare these pathways between patents resulting from
planned versus serendipitous inventions. The unique opportunity for this approach originates
from the InnoS&T Survey data (“Innovative S&T Indicators Combining Patent Data and Sur-
veys: Empirical Models and Policy Analyses”), a large-scale survey funded by the European
Commission. The survey was administered between 2009 and 2011 and targeted inventors from
20 European countries, Israel, Japan, and the United States, who had filed patents for their
inventions with the European Patent Office (EPO) (Corsino et al., 2019; Hoisl & Mariani, 2017;
Torrisi et al., 2016). The data enable a distinction between serendipitous and planned patented
inventions. Specifically, the survey asks inventors whether the invention underlying the survey
is an unexpected by-product of an R&D project versus the expected outcome of a planned R&D
project. Overall, we use 8530 patented inventions and (their) inventors employed with private
firms or public organizations. Of these inventions, 57% are planned and 43% are serendipitous.
Relying on patented inventions, both for serendipitous and planned inventions, is ideal for iso-
lating the pathways through which value is realized in the context of corporate R&D because
these inventions were all deemed valuable enough to justify filing a patent. They are also com-
parable in the stage of their development following the standards of the patent office.

The theoretical ambition of our explorative analysis is to integrate the specificities of value
materialization for serendipitous inventions into existing theoretical models for planned inven-
tions. We isolate four value materialization pathways for patented inventions from the litera-
ture resulting in four dependent variables for the empirical study, that is, technological impact,
internal commercialization, competitor blocking, and licensing. The first pathway generates
technological value, whereas internal commercialization and licensing create commercial value,
and blocking strategies yield strategic value. Serendipitous patented inventions may have tech-
nological value when they are absorbed into broader research and innovation trajectories,
thereby shaping follow-on developments (Fleming, 2001). Commercial value can arise either
internally, through product development and market introduction (Teece, 1986), or externally,
through licensing on markets for technology (Arora et al., 2001). Strategic value relies on the
ability of patents on serendipitous inventions to block competitors or to secure freedom to oper-
ate in R&D (Grimpe & Hussinger, 2014).

We provide evidence that serendipitous patented inventions are not rare events but frequent
occurrences (Mintzberg, 2026). We also show that they correlate with project and firm factors.
For example, they are more likely to occur when inventors have the autonomy to flexibly
choose tasks and when information is widely shared, also outside the company. Project size
turns out to be negatively correlated with serendipitous inventions. This finding is consistent
with the negative correlations observed with firm size, as larger firms are more likely to engage
in planned research projects. In the main analysis, we investigate the value materialization of
serendipitous patented inventions and find that they have, on average, lower technological
value than planned inventions, suggesting that they are less likely to become important in tech-
nology trajectories. They are also less likely to become commercialized through their own prod-
ucts, which is consistent with the idea that serendipity can produce “misfit” innovations that
fall outside a firm's core (Garud et al., 2011, 1997) and that a firm's knowledge base has limited
preadaptation to (Cattani, 2005, 2006). We also find that serendipitous patented inventions are
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less likely to be used to preempt competitors, confirming that they are not conceived, ex ante,
as a strategic means to protect internal innovation pipelines.

We find, however, that serendipitous patented inventions are significantly more likely than
planned inventions to be commercialized through licensing. This suggests that although such
inventions may lack internal fit, they nevertheless possess substantial economic potential for
commercialization. In other words, these inventions embody latent “potential” that, although
not realized within the originating firm, becomes valuable when developed elsewhere. These
findings align with research on the organizational and managerial processes through which
actors perceive, evaluate, select, and exploit technological opportunities (e.g., Garud
et al., 1997) as well as research on markets for technology (e.g., Arora et al., 2001), which argues
that innovation outcomes are not confined to the strategic boundaries of their origin. Thus,
while serendipitous patented inventions may hold intrinsic value, they are not easily leveraged
by the firms that generate them. These results are robust across several robustness checks,
including alternative estimation methods and matched-sample techniques such as coarsened
exact matching (CEM).

Our research makes the following contributions to the literature on innovation and seren-
dipity. We provide a first, large-scale empirical exploration of the average value of serendipitous
patented inventions, distinguishing between four pathways important for how the value from
patented inventions materializes. These insights contribute to the theoretical advancement of
serendipity research (Busch, 2024; Mintzberg, 2026) by showing that patented inventions
resulting from serendipity, while often internally misaligned, nonetheless offer opportunities
for value capture through externalization and licensing to other organizations (Denrell
et al., 2003). Moreover, our results inform research on markets for technology (Arora
et al., 2001) by identifying serendipitous inventions as a supply-side phenomenon that is gener-
ated by unplanned outcomes rather than targeted searches, expanding the range of patents
traded in technology markets.

2 | THEORETICAL FRAMEWORK

2.1 | The conceptualization of value in serendipity research

Research on serendipity and its effects has spanned various areas, including entrepreneurship
(Dew, 2009), post-merger integration (Colman & Lunnan, 2010), or marketing (Kim
et al., 2021). Within an innovation context, which is the focus of our study, serendipity is
referred to by Yaqub (2018) as “researchers making unexpected and beneficial discoveries”
(p. 169) or by Austin et al. (2011) as valuable unpredictability or “accidental innovation in
innovation-conducive conditions, including actions and arrangements that intentionally intro-
duce accidents” (p. 1506). Hence, the attributes of value and benefit are inherent in research on
serendipity in innovation.1

We follow the unifying serendipity definition of Busch (2024) for this study, understanding
a serendipitous invention as a surprising result “from unplanned moments in which our deci-
sions and actions lead to valuable outcomes” (p. 1145). Within this definition, serendipity

1Many definitions use the term “discovery” as the outcome of serendipity, which could be confusing in our context,
since a discovery itself is not patentable. Therefore, for our purposes, we will use the term “invention” to describe the
outcome of serendipity.
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follows from human agency and is not just luck; it contains an element of surprise in contrast
with planned outcomes and value in the sense that it is a useful invention and not merely a nui-
sance (Busch, 2024). Anecdotal examples offer evidence about highly valuable serendipitous
inventions, such as Goodyear's vulcanization technology (Yaqub, 2018) or 3M's Post-It notes
(Austin et al., 2011), even though the full distribution of value of serendipitous inventions is
never explored. In this respect, serendipitous inventions may not differ from planned inven-
tions, whose value distribution is also highly skewed (Scherer & Harhoff, 2000).

Extant research on the value of serendipitous outcomes has largely focused on two aspects:
(a) the need to recognize the value in unplanned outcomes which might not be apparent
(“potentiality”), and (b) the tendency of firms not to act on realizing this potential value (“mate-
rialization”) (Busch, 2024). The potentiality aspect implies that firms struggle with recognizing
the commercial value of a serendipitous outcome because it exists only as latent opportunities
that need to be isolated (Busch & Barkema, 2020). For example, it took decades before the
potential value of Teflon for pans or space suits was identified (Yaqub, 2018), highlighting that
the occurrence of an unexpected outcome and the recognition of its value can involve consider-
able time lags. The discovery of an opportunity is in that sense an important aspect of serendip-
ity, influenced by access to relevant resources (Denrell et al., 2003; Gavetti & Menon, 2016) and
purposeful agency (Cockburn et al., 2000), that is, features of a “prepared” firm (Cohen &
Levinthal, 1994).

Once the problem-solving potential of a serendipitous outcome is recognized, firms still
have to make investment decisions into potential solutions addressing the problem for cus-
tomers (von Hippel & von Krogh, 2016). Hence, firms are heterogeneous in their decisions to
devote attention or resources to the potentially valuable serendipitous inventions, for example,
by developing them into products (Busch, 2024; Cockburn et al., 2000). These materialization
decisions are often constrained by assessments about how efficient it is to invest into a serendip-
itous invention (Yaqub, 2018). These assessments typically depend on the firm's technological
preadaptation, that is, the extent to which the firm's technological knowledge base has been
built without anticipation of subsequent, yet unknown applications (Cattani, 2005, 2006). Over-
all, materialization decisions of firms are strategically salient, as they determine whether the
commercial value of a serendipitous invention can be realized. However, these decisions are
empirically difficult to isolate, given their close interdependence with the discovery of potential
value.

Focusing on serendipitous patented inventions provides a unique opportunity to examine
the materialization of value, as firms implicitly acknowledge this potential value when seeking
patent protection. Patent offices set standards for patentability that applicants need to abide by,
especially with regard to necessary codification, the degree of novelty over existing technologies,
and the usefulness of an invention (Encaoua et al., 2006). Firms filing for patent protection
must adhere to these standards regardless of whether the underlying invention occurred seren-
dipitously or through a deliberate, planned process. Furthermore, filing for patent applications
is costly, typically requiring specialized legal and technological expertise, and firms would not
incur the costs if they did not anticipate a certain level of economic benefits (Harabi, 1995). At
the same time, patents do not guarantee economic success, and the economic returns of a pat-
ented technology are highly skewed (Scherer & Harhoff, 2000). Overall, focusing on the value
of serendipitous patented inventions is useful for studying the materialization of value because
(a) firms recognize sufficient potential value to file for patent protection, (b) the underlying
technologies are at a relevant and comparable development stage to qualify for patent
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protection, and (c) value materialization can be compared to the value materialization of
planned inventions of firms.

2.2 | Materialization of value from patents for planned versus
serendipitous inventions

Given that patent filings of planned inventions constitute our reference group for uncovering
the value materialization of serendipitous inventions, it is useful to understand the aspects of
planning for inventions in firms in general and for value materialization in particular. For our
purpose, it is not necessary to assume that serendipitous inventions occur in the absence of any
planning, that is, they are not lucky coincidences. Instead, the element of surprise implies that
they are comparatively less likely to be the direct result of planning (Busch, 2024).

Planned inventions typically follow structured organizational processes that entail purpose-
ful steps and decision stages. While innovation processes vary considerably between organiza-
tions, the stage-gate model approximates common practice and is widely applied in industry
(Cooper et al., 2002). A study cited in Cooper et al. (2002) found that nearly 80% of firms use a
structured R&D process, with almost 60% of these specifically employing the stage-gate model.2

Originally introduced in 1990, the stage-gate process structures innovation into sequential
stages, separated by gates that serve as decision points. This reduces uncertainty, allocates
resources efficiently, and directs efforts toward projects with the greatest potential (Cooper &
Kleinschmidt, 2011). The stages include discovery (idea generation), scoping (preliminary feasi-
bility), business case development (market research, prototypes, financial analysis), development
(design and planning), testing and validation (laboratory and market trials), and launch (com-
mercialization and monitoring). At each gate, projects are evaluated against criteria such as fea-
sibility, market potential, and strategic fit, leading to decisions to continue, revise, delay, or
terminate the projects (Cooper & Kleinschmidt, 2011).

We isolate two aspects of the planning process that are consequential for the value material-
ization of serendipitous inventions. First, planned inventions are centered around business
cases with a precise understanding of relevant customer groups and the utility that any inven-
tions will bring to them (Pisano, 2015). Serendipitous inventions are unlikely to be part of those
business cases. Moreover, it is unlikely that single serendipitous inventions will immediately
appeal to a firm's customers, as they may need to be combined with other inventions or technol-
ogies to be further developed (Katila & Ahuja, 2002). In addition, complementary assets, such
as distribution networks or manufacturing capacities, need to be in place so that the value of an
invention materializes (Teece, 1986). Planning processes allow firms to make selection and
investment decisions so that these conditions are in place.

Second, firms routinely analyze the intellectual property rights (IPR) conditions as part of a
planned invention process, with patents as a dominant form of IPR for technological inventions
(Cappelli et al., 2023). Such planning includes assessments about existing patents (Mihm
et al., 2015), the likelihood that a patent application will be successful (Raffiee et al., 2023), as
well as the risk that the patented invention will be challenged and the focal firm might not have
the freedom to operate (Gaessler et al., 2025). Even if serendipitous inventions arise as

2See https://www.stage-gate.com/blog/optimizing-the-stage-gate-process-what-best-practice-companies-are-doing/,
accessed on April 25, 2026.

6 GRIMPE ET AL.

 10970266, 0, D
ow

nloaded from
 https://sm

s.onlinelibrary.w
iley.com

/doi/10.1002/sm
j.70126 by Philipp Z

um
stein - U

niversitatsbibliothek , W
iley O

nline L
ibrary on [23/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.stage-gate.com/blog/optimizing-the-stage-gate-process-what-best-practice-companies-are-doing/?utm_source=chatgpt.com


by-products of planned inventions, they are independent inventions and therefore lack the
preparation and research of the corresponding planned inventions described above.

Taken together, patents on planned inventions benefit from a preparation process that ser-
endipitous inventions do not undergo. Therefore, it is unlikely that patents on serendipitous
inventions, even if they are not purely coincidental, follow the same pathways to value
materialization.

2.3 | Pathways to value materialization

We review research on the value materialization of patented planned inventions and outline
four distinct pathways through which the value of serendipitous patented inventions may mate-
rialize, that is, through technological impact, internal commercialization, licensing, or competi-
tor blocking. These pathways will structure our explorative empirical study and can ultimately
allow us to integrate value materialization of patents from serendipitous inventions into exis-
ting theory on planned ones.

First, the value of serendipitous inventions may materialize when they have technological
impact, defined as the extent to which subsequent inventions build on the underlying knowl-
edge and integrate it in new developments (Jaffe et al., 1993; Trajtenberg, 1990). It reflects how
an invention contributes to cumulative technological progress and fits within established tech-
nological trajectories. Dosi (1982) conceptualizes technological progress as unfolding along
technological trajectories within paradigms that guide problem solving and cumulative learn-
ing. An example is polymerase chain reaction (PCR), invented largely unexpectedly at Cetus
Corporation in 1983 by Kary Mullis (who later won the Nobel Prize) while working on a differ-
ent molecular biology project (Rabinow, 1996). Although Cetus patented PCR and initially sold
limited reagent kits, PCR revolutionized molecular biology primarily because of its integration
into the broader scientific and technological trajectory of molecular genetics. Countless follow-
on inventions, including DNA sequencing, genetic testing, and COVID-19 detection kits, build
upon it. However, since serendipitous inventions may emerge outside a technological paradigm,
they may be more difficult to build upon because they require new search heuristics before they
can influence mainstream development (Fleming, 2001).

Second, the value of serendipitous patented inventions may materialize when firms decide
to commercialize the invention on product markets themselves. The potato washing machine
developed by Chinese firm Haier is a case in point: A farmer called Haier's service center to
complain that his washing machine was full of dirt and not working. When a technician visited,
he discovered that the farmer had been using it not just for clothes, but also to wash his potato
harvest. Rather than correcting him, the technician brought this insight back to headquarters.
Haier then developed a model that could wash both clothes and potatoes.3 Whereas capturing
rents from innovation introduced on product markets remains central to most firms' R&D strat-
egy, the commercialization of serendipitous inventions may not necessarily align with ongoing
development programs, require new business models, or distract from core priorities (Garud
et al., 1997; Teece, 1986). Moreover, commercialization success depends critically on access to
complementary assets, immediate application, and user trust which they may lack given that
they emerge outside the core technologies of firms (Cattani, 2005, 2006; Murayama et al., 2015).

3See https://www.forbes.com/sites/china/2010/06/17/haier-a-chinese-company-that-innovates/, accessed April 25, 2026.
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Third, firms may decide to commercialize serendipitous inventions externally, where inven-
tions are licensed or sold. Research on markets for technology (Arora et al., 2001; Arora &
Gambardella, 2010) suggests that technology can be traded independently of products, allowing
some firms to specialize in invention while others specialize in commercialization. Indeed, for
serendipitous inventions, externalization may be a promising pathway to value materialization.
For example, the drug Dapoxetine was originally developed by Eli Lilly as an antidepressant,
but clinical trials revealed limited efficacy for depression and an unexpected effect on delaying
ejaculation. Since this was outside its therapeutic focus areas, Lilly licensed out the compound
to Pharmaceutical Product Development, a contract research organization, which further
advanced it for sexual health indications. In 2003, Johnson & Johnson's subsidiary ALZA
acquired the worldwide rights and brought the drug to market as Priligy, the first approved
treatment for premature ejaculation in several European and Asian countries.4 In fact, prior
research has frequently described the evolution of technologies and artifacts for other than the
intended use as “exaptation” (Andriani & Cattani, 2016; Cattani & Mastrogiorgio, 2021). In that
sense, a misfit with the originating firm's strategy may still hold potential if other firms or entre-
preneurs have the relevant complementary assets, market position, or strategic intent to exploit
the invention.

Finally, firms may use patents on serendipitous inventions to block competitors from enter-
ing technological spaces, to preempt rival patenting, and to secure freedom to operate in R&D.
Prior research has shown that patents are an important tool in strategic competition, even when
they are not directly used to commercialize an invention (Grimpe & Hussinger, 2014; Guellec
et al., 2012). For example, when Google acquired Motorola Mobility in 2011, it was explicit that
the motivation behind the acquisition was access to a comprehensive patent portfolio that could
be used to “better protect Android from anti-competitive threats from Microsoft, Apple, and
other companies,”5 that is, to use Motorola's patents to influence competition in product mar-
kets (Ceccagnoli, 2009). However, developing and applying for a patent to block competitors is
a strategic choice that requires planning for a specific target and knowledge about competitors
that are, by definition, active in similar areas as the focal firm. Serendipitous inventions that
may lie more outside the core of a company are unlikely to fulfill such a strategic role.

3 | EMPIRICAL STUDY

3.1 | Data description

We draw on primary data from the large-scale InnoS&T survey (“Innovative S&T indicators
combining patent data and surveys: Empirical models and policy analyses”), funded by the
European Commission. The survey targeted inventors from 20 European countries, Israel,
Japan, and the United States who had filed patents with the EPO. The data collection was car-
ried out between November 2009 and June 2010 in Europe, and between October 2010 and
September 2011 in the United States and Japan, yielding a response rate of 20%. For each
respondent, the survey provides detailed information on the inventor and one of their patents,
randomly chosen from all European (EP) Patent applications submitted between 2003 and

4See https://en.wikipedia.org/wiki/Dapoxetine, accessed April 25, 2026.
5See https://publicpolicy.googleblog.com/2011/08/supercharging-android-google-to-acquire.html, accessed on April
25, 2026.
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2005. Data from this survey have been used extensively in management research to address the-
oretically salient research questions that patent statistics alone cannot address (Corsino
et al., 2019; Hoisl & Mariani, 2017; Torrisi et al., 2016).

It is important to acknowledge that all inventions that organizations decide to file for patent
protection are evaluated during the scoping and business case development stages, since the
patent prosecution process is costly and time-consuming.6 Inventions need to meet the require-
ments of patentability, that is, novelty, inventive step, and commercial applicability,7 based on
firms' expectation that the patented invention may have technological, commercial, or strategic
value. It is at this stage that we observe the inventions in our sample, whether planned or seren-
dipitous, that is, at the filing of an EP patent.

A key strength of this dataset is that the time gap between the patent priority dates and the
survey administration enables the collection of ex post information regarding the technological,
commercial, and strategic significance of the patented inventions. The linkage of survey data
with secondary sources further facilitates the construction of independent patent value indica-
tors, thereby reducing concerns of common method bias. Additionally, while prior studies have
advanced our understanding of serendipity by relying on case studies (e.g., Barber & Fox, 1958;
Busch & Barkema, 2020) or conceptual frameworks (e.g., Cunha et al., 2010; Garud et al., 2018;
von Hippel & von Krogh, 2016), our dataset makes it possible to conduct a large-scale analysis
of the value of serendipitous patented inventions based on primary data.

After excluding records with missing information for key variables and information about
inventions that were the result of accidents or mere luck, the resulting working sample com-
prises 8530 inventions for which an EP patent was filed. To add bibliographic and procedural
information about the EPs underlying the survey, we merged our data with data from the EPO's
PATSTAT patent database.

3.2 | Measures

3.2.1 | Dependent variables

We use four dependent variables to capture the technological, commercial, and strategic value
of the patents (Jaffe & Trajtenberg, 2002). The first variable, Number of citations (5 years), mea-
sures the number of citations received by the surveyed patents within a 5-year window after the
first filing date (forward citations) (Hall et al., 2005; Harhoff et al., 2003; Trajtenberg, 1990).
Constructed at the DOCDB patent-family8 level, this variable serves as a proxy for the techno-
logical impact of the patent. It captures a value materialization pathway of influencing subse-
quent technologies. The second variable, Commercial use, is a dummy variable that equals one
if the inventor indicated that the applicant had ever used the patented invention commercially,

6The cost of a European patent, including office fees, translations, and attorney fees, is approximately USD 25,000 from
drafting to eventual grant. Depending on the length of the description, the number of claims, the number of designated
states, and the duration of protection, total costs from filing to patent expiry can reach up to USD 150,000. Thus, the
expected value of the inventions in our sample at the time of filing should have been at least USD 25,000.
7See https://www.epo.org/en/legal/guidelines-epc/2024/g_i_1.html, accessed April 25, 2026.
8According to the EPO, a DOCDB patent family “is a collection of patent documents that are considered to cover a
single invention. The technical content covered by the applications is considered to be identical. Members of a simple
patent family will all have exactly the same priorities.” See: https://www.epo.org/en/searching-for-patents/helpful-
resources/first-time-here/patent-families/docdb, accessed April 25, 2026.
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either in a product, service, or manufacturing process, or intended to do so, and zero otherwise.
The third variable, External licensing, is a dummy variable that equals one if the inventor
reported that the invention underlying the survey had been licensed or was intended to be
licensed, and zero otherwise. Both Commercial use and External licensing serve as proxies for
the commercial value of the patents (Hall & Harhoff, 2012). The fourth variable, Blocking of
competitors, is a dummy variable that equals one if blocking competitors, defined as preventing
others from patenting similar inventions, complements, or substitutes, was reported as an
important or very important reason for patenting the invention as indicated in the survey, and
zero otherwise. This variable captures the strategic value of the patents (Torrisi et al., 2016).

3.2.2 | Explanatory variables

In line with our definition, we operationalize Serendipitous inventions as inventions that emerge
as unplanned by-products (surprise) of an R&D project or projects outside R&D (agency), for
which an EP patent was filed (value). In the questionnaire, respondents were asked about
which of the following five scenarios best describe the creative process that led to the invention.
The first two scenarios “The invention was the targeted achievement of a research or develop-
ment project” and “The invention was an expected by-product of a research or development
project, not directly related to the main target of the project” are considered planned inventions
as they do not indicate any surprising or unexpected results. In contrast, Scenarios 3–5, that is,
“The invention was an unexpected by-product of a research or development project, not directly
related to the main target of the project,” “The idea for the invention was directly related to
your normal job (which is not inventing), and was then further developed in a (research or
development) project,” and “The idea for the invention came from your normal job (which is
not inventing), and was not further developed in a (research or development) project, that is,
the idea was patented without further research or development costs” relate to inventive out-
comes that are unexpected. These outcomes may be either unplanned achievements of an
inventive project or results that do not stem from R&D efforts. In the latter two scenarios, the
inventions were generated from activities not originally targeted at producing inventions.
Inventions resulting from Scenarios 3 to 5 are considered serendipitous inventions. We use a
narrower definition of serendipitous inventions focusing exclusively on unexpected by-products
of R&D in Scenario 3 for additional analyses and find fully consistent results.9

In our analysis, a dummy variable indicates whether the patented invention is a planned
(dummy equals 0) or a serendipitous invention (dummy equals 1). Of the inventions in our
sample, 3648 (42.8%) were serendipitous, suggesting that serendipitous inventions are not rare.
Moreover, serendipitous inventions qualify as “serious” inventions, as demonstrated by the fil-
ing of an EP patent application for them. For example, the following two inventions, a “[m]
ethod and arrangement for customized virtual broadcast services,” filed by a consumer electron-
ics company and a “[v]acuum cleaner comprising cleaning device for ceramic filters that is
operated by compressed air,” filed by electronics companies, were serendipitous according to
our inventors.

9When excluding inventions from Scenarios 4 and 5, the results remained robust. The observed weakening of the
relationship between serendipitous inventions and external licensing suggests that licensing tends to occur more often
for inventions not stemming from R&D, consistent with the premise that serendipitous inventions exhibit a lower
knowledge fit relative to planned inventions. The results are available from the authors upon request.
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3.2.3 | Control variables

Following Hoisl and Mariani (2017) and, more broadly, the literature on the value and commer-
cialization of innovations, we construct a set of variables using information from the survey
combined with data from PATSTAT.

First, we include indicators that capture the characteristics of the organization in which the
inventors were employed at the time of the invention. The size of the employer is represented
by dummy variables for Small firms with fewer than 100 employees, Medium-sized firms with
100–249 employees, and Large firms with 250 and more employees. The type of organization is
captured by dummy variables indicating whether the employer was a Private firm, a Public
research organization, or a Hospital. The number of R&D employees is measured as the number
of individuals employed in R&D by the inventor's organization at the time of the invention.
Working autonomy is a dummy variable that takes the value of one if the employer offered
working autonomy as a means of motivation at the time of the invention, and zero otherwise.

We also account for the characteristics of the inventors participating in our study. The level
of education is measured by dummy variables that capture the highest educational degree
attained, distinguishing between a Secondary school degree, a High school degree, a Bachelor's or
master's degree, and a PhD degree. The Experience of the inventor is calculated as the difference
between the priority year of the patent included in the survey and the year in which the inven-
tor first engaged in R&D activities; its squared term is added to our regressions to account for
potential nonlinear effects. Risk attitude is included as a control for the inventors' willingness to
take risks, measured on a scale from 1 (completely unwilling to take risks) to 11 (completely
willing to take risks) (Dohmen et al., 2011). Finally, we include variables that capture character-
istics of the patents considered in the survey. A dummy variable indicates whether the Patent
was granted before the end of 2018. This information is included in the regressions since the
commercialization of an invention is strongly influenced by the grant of a patent. Without
the exclusion right, third parties may use the invention without permission (Gans et al., 2008).
Furthermore, we add time dummies for the priority year of the patent (Prio year 2003, Prio year
2004, and Prio year 2005).

We acknowledge that some of the explanatory variables may be “bad controls” (Angrist &
Pischke, 2008; Cunningham, 2021). However, omitting them may lead to spurious correlations.
To address this concern, we also estimated more parsimonious models that exclude selected
regressors (such as the number of employees in R&D). The results remain robust in these alter-
native specifications and are available from the authors.

4 | RESULTS

4.1 | Descriptive analysis

We begin by characterizing the differences between planned and serendipitous patented inven-
tions based on features consistent with their underlying nature. These differences are summa-
rized in Table 1. First, serendipitous inventions are associated with a lower share of worktime
devoted to R&D compared to planned inventions (26.2% vs. 39.0%, p = 0.000). Instead, they are
more likely to originate during leisure time (21.4% vs. 13.9%, p = 0.000) and to result from indi-
vidual work rather than inventor teams (39.3% vs. 24.5%, p = 0.000). Furthermore, serendipi-
tous inventions less frequently stem from inventors whose workplace is in R&D (65.2%
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vs. 83.6%, p = 0.000) and, as a result, the inventions are less frequently made in the R&D
department (60.9% vs. 77.2%, p = 0.000) compared to planned inventions.

Regarding knowledge sources (measured on a 5-point Likert scale; 1 = not important;
5 = very important), serendipitous inventions rely less heavily on standard knowledge sources,
such as patents (2.92 vs. 3.40, p = 0.000), publications (2.43 vs. 2.96, p = 0.000), and technical
documents (1.87 vs. 2.11, p = 0.000) than planned inventions. This difference is consistent with
the idea that these knowledge sources are systematically used in the course of planned R&D
activities. Serendipitous inventions, by contrast, are characterized by a greater degree of
unplanned insights and may therefore be less likely to emerge from formalized
knowledge-search and knowledge-sourcing processes. In terms of inventors' autonomy in their
jobs (measured on a 5-point Likert scale; 1 = very low; 5 = very high; 0 = no autonomy), inven-
tors of serendipitous inventions report greater task autonomy (4.43 vs. 4.27, p = 0.000) and
more extensive freedom to exchange information outside their own organization (information
sharing) (0.267 vs. 0.237, p = 0.003) than inventors of planned inventions. However, they report
lower autonomy in setting the budget size (3.32 vs. 3.40, p = 0.001) and deciding how the bud-
get is spent (3.68 vs. 3.84, p = 0.000) than the control group. Differences in the autonomy to
determine their working hours are minimally lower (4.95 vs. 4.98, p = 0.037) than in the control
group of planned patented inventions. Overall, these findings conform to expectations about
serendipitous inventions being less embedded in formal R&D contexts and less reliant on codi-
fied knowledge sources, while being more strongly associated with individual and leisure-time
efforts, higher task autonomy, and greater information sharing autonomy, albeit with more
constrained financial autonomy.

As far as the management of the R&D project is concerned, projects associated with planned
inventions exhibit systematically higher values across all management variables (measured on a
seven-point Likert scale) than those leading to serendipitous inventions. Planned projects report
better communication of decisions (mean = 3.57 vs. 2.99, p = 0.000), more important role of the
team leader (3.88 vs. 3.27), more opportunities for team members to contribute to the team deci-
sions (3.88 vs. 3.28), more frequent discussion of decisions (3.40 vs. 2.93, p = 0.000), and a
clearer division of tasks (3.86 vs. 3.18, p = 0.000). The largest difference is observed for the clar-
ity of task division (−0.68, p = 0.000). Inventor tenure, that is, the number of years since an
inventor's first invention, hardly exhibits a difference between serendipitous and planned
inventions. On average, inventors who produced a serendipitous invention are half a year older
than those responsible for planned inventions (p = 0.200). In terms of project characteristics,
planned inventions tend to involve larger inventor teams (mean = 13.61 vs. 12.22, p = 0.000)
and larger project investments measured in person-months (1 = no research needed, 2 = less
than 1 person-month, …, 9 = more than 48 person-months) (2.84 vs. 2.25, p = 0.001). Addition-
ally, planned inventions are more likely in regions with higher likelihood of local competition
(0.21 vs. 0.15, p = 0.000).

We also show the descriptive statistics for the narrower definition of serendipitous inven-
tions, which includes only unexpected byproducts of R&D activities and excludes inventions
that arise outside formal R&D. The direction of the observed differences with planned inven-
tions remains robust. They are only slightly smaller under the narrower definition of serendipi-
tous inventions compared with the broader one. This is consistent with the fact that inventions
captured by this definition still originate within formal R&D projects. In contrast, under our
broader default definition, serendipitous inventions may also arise in other functional areas,
such as production or marketing, which may differ from R&D in working conditions,
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organizational processes, regulatory environments, and managerial decision-making. These
contextual differences may therefore explain the larger differences observed under the default
definition.

Table 2 reports the descriptive statistics of the variables used in our multivariate analysis.
On average, patents receive 1.09 citations within 5 years after the publication, and the distribu-
tion is skewed with a maximum of 29 citations. Most inventions are used commercially by the
applicant itself (81.2%), while 17.0% are externally licensed, and 56.0% are reported to serve
blocking competitors. Obviously, patents can serve multiple purposes at the same time.

Regarding firm characteristics, 19.6% of the inventions stem from small firms, 7.0% from
medium-sized firms, and 73.4% from large firms. 86.2% of the inventions stem from private
firms, while 6.9% come from public research organizations and 6.8% from hospitals. The aver-
age number of R&D employees is 831, with substantial variation (min = 0; max = 500,000).

TABLE 2 Descriptive statistics (N = 8530).

Variable Mean SD Min Max

Number of citations (5 years) 1.091 1.881 0 29

Commercial use (D) 0.812 0 1

External licensing (D) 0.170 0 1

Blocking of competitors (D) 0.560 0 1

Knowledge fit (share) 0.007 0.057 0 1

Knowledge fit (D) 0.029 0 1

Serendipitous invention (D) 0.428 0 1

Firm size—small firm (D) 0.196 0 1

Firm size—medium-sized firm (D) 0.070 0 1

Firm size—large firm (D) 0.734 0 1

Private firm (D) 0.862 0 1

Public research organization (D) 0.069 0 1

Hospitals (D) 0.068 0 1

RD employees 831.186 7150.052 0 500,000

Working autonomy (D) 0.322 0 1

Secondary school degree (D) 0.036 0 1

High school degree (D) 0.089 0 1

BA or MA degree (D) 0.549 0 1

PhD degree (D) 0.326 0 1

Experience 16.718 10.606 0 62

Risk attitude 7.241 2.285 1 11

Patent granted (D) 0.382 0 1

Prio year 2003 (D) 0.320 0 1

Prio year 2004 (D) 0.374 0 1

Prio year 2005 (D) 0.307 0 1

Note: These statistics are based on our working sample (N = 8530). Due to additional missing values for knowledge fit, the

number of observations varies: Nknowledge_fit = 8390/8397.
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About one third of the inventors (32.2%) report having work autonomy. Turning to individual
inventor characteristics, the majority hold a BA or MA degree (54.9%), while 32.6% hold a PhD,
8.9% a high school degree, and 3.6% a secondary school degree. Inventors report, on average,
16.7 years of professional experience (min = 0; max = 62 years). The mean value for risk atti-
tude is 7.24 (on a scale from 1 to 11). With respect to patent-related characteristics, 38.2% of pat-
ents in the sample are granted at the time of the survey. The distribution across filing years is
relatively balanced; 32.0% were filed in 2003, 37.4% in 2004, and 30.7% in 2005. The correlation
table is shown in Table A1 in the Appendix, with correlations being generally low. The table
also shows that serendipitous inventions are positively correlated with small firms and public
research organizations. Educational qualifications up to the Bachelor's or Master's level are pos-
itively correlated with the probability that an invention is serendipitous, whereas a PhD is nega-
tively correlated with it. A risk-taking attitude is also positively correlated with serendipitous
inventions. In line with the literature, these correlations suggest that larger firms and highly
educated inventors are more likely to engage in structured, planned research projects (Cooper
et al., 2002) and are therefore less likely to generate serendipitous inventions.

We also explore these correlations through a multivariate regression analysis, as it helps
interpret the core results of this study. The estimated coefficients, reported in Table A2 in the
Appendix with serendipitous patented inventions as the dependent variable, confirm the posi-
tive correlation between autonomy in task selection (rather than budget autonomy) and infor-
mation sharing, and serendipitous inventions. Thus, flexibility in individuals matching to
activities and mechanisms that facilitate the circulation of knowledge within a team may be
positively associated with the generation of serendipitous inventions. Furthermore, the manage-
ment of the research project appears to be important. Autonomy in choosing tasks and sharing
information must be coupled with clear leadership roles in the team. Project teams with clear
decision-making authority, where one person leads, are positively correlated with serendipitous
inventions, whereas teams with distributed decision-making power and division of tasks are
negatively correlated with serendipitous inventions. Finally, project size is negatively associated
with serendipitous inventions. This result is consistent with the negative correlations observed
between serendipitous inventions and firm size in Table A1 in the Appendix.

Overall, these correlations underscore the critical importance of managerial decision-
making in the allocation of resources and the matching of projects, and tasks within projects, to
inventors.

4.2 | Triangulation of survey information with invention-firm
knowledge fit

An important novelty of our study is that, based on primary data, it distinguishes between pat-
ented inventions as either serendipitous or planned. We triangulate these data with external
information to increase confidence in factors associated with the two types of outcomes. The tri-
angulation is grounded in our theoretical framework, which suggests that different paths to
value materialization may arise because serendipitous patented inventions are less likely to fit
with the applicant firm's knowledge base than planned inventions. Consistent with this reason-
ing, the comparison in Table 1 shows that the knowledge underpinning serendipitous inven-
tions does not typically originate from the firm's default sources, such as patent documents,
publications, or internal technical documents (Brusoni et al., 2005). This indicates that the
knowledge used to create serendipitous inventions is more likely to lie outside the company's
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core knowledge, meaning that the knowledge fit is lower for serendipitous inventions than for
planned ones. Hence, we create a measure of Knowledge fit, defined as the number of backward
citations to the patents that originate from the same applicant (Mayer et al., 2012; Wang
et al., 2009). The rationale behind this measure is that backward citations are either added by
the examiner at the patent office (by default) or by the applicants themselves to better describe
the invention or to delineate the state of the art. If a firm's own patents are cited as relevant
prior art, it can be assumed that the invention builds on the company's prior inventions and
therefore exhibits a high degree of knowledge fit with respect to the knowledge accumulated by
the applicant until then. Based on this reasoning, we construct two variables. The first is the
share of backward citations that have the same applicant as the underlying patent. The second
is a dummy variable that takes the value of one if at least one backward citation is attributed to
the same applicant as the underlying patent, and zero otherwise. Knowledge fit is generally
low, with an average share of 0.7% of all backward citations of all patents coming from the same
applicant and 2.9% of the patents underlying the survey having at least one backward citation
from the same applicant (see Table 2). Consequently, we consider this measure a conservative
measure of knowledge fit.

We use these two variables as dependent variables in regressions that look at their correla-
tion with an invention being serendipitous versus planned. Table 3 shows the result of this exer-
cise. For all our analyses, we use linear regressions with absorbed fixed effects for technologies
and countries (Guimarães & Portugal, 2009), thereby controlling for heterogeneity across these
dimensions. This method is computationally more efficient than including extensive sets of
dummy variables, particularly in high-dimensional settings, and allows for the estimation
of within-technology and within-country variation (Abowd et al., 1999; Angrist &
Pischke, 2008; Wooldridge, 2002).

The estimated results in Table 3 provide consistent evidence that serendipitous inventions
are negatively associated with knowledge fit, for the full sample of observations (Columns
1 and 2) and for those of private firms (Columns 3 and 4). For example, in the specification
using knowledge fit (share) as a dependent variable (Column 1), the coefficient of −0.003
(p = 0.008) indicates that serendipitous inventions exhibit, on average, a 0.3 percentage
points—or 43% (relative to a mean of 0.007)—lower knowledge fit with the organization. Simi-
larly, when using the dummy-based outcome knowledge fit (D) (Column 2), the coefficient of
−0.017 (p = 0.000) implies that serendipitous inventions are associated with a 1.7 percentage
point lower probability of achieving knowledge fit. This equals an average decrease of 59%
(mean = 0.029). Overall, these results suggest that serendipitous inventions are related to a
lower alignment with the knowledge domains of the organization than planned inventions, and
they increase confidence in the survey-based designation of serendipitous inventions.

4.3 | Multivariate analysis: Value materialization pathways

To investigate the value of serendipitous versus planned patented inventions through the four
pathways to value materialization of technological impact, internal commercialization, licens-
ing and competitor blocking, we estimate four regressions using the respective dependent vari-
ables introduced above. The key explanatory variable is whether a patented invention is
serendipitous (1) or planned (0), controlling for covariates representing characteristics of the
organization, the inventors, and the patent. We first estimate the set of four regressions for
the full sample of applicant organizations and then focus on the group of private firms only. We
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TABLE 3 Knowledge fit and serendipitous inventions.

Variables

Full sample Private firms

(1) (2) (3) (4)

Knowledge
fit (share)

Knowledge
fit (D)

Knowledge
fit (share)

Knowledge
fit (D)

Serendipitous invention −0.003 −0.017 −0.004 −0.018

(0.008) (0.000) (0.002) (0.000)

Firm size—medium-sized firm (D) 0.003 0.002 0.003 0.001

(0.142) (0.795) (0.147) (0.888)

Firm size—large firm (D) 0.007 0.013 0.007 0.011

(0.000) (0.015) (0.000) (0.046)

Private firm (D) −0.000 0.009 - -

(0.986) (0.156)

Public research organization (D) −0.006 −0.013 - -

(0.030) (0.107)

RD employees (log) 0.000 0.003 0.000 0.004

(0.425) (0.011) (0.377) (0.006)

Working autonomy (D) 0.001 0.003 0.002 0.005

(0.460) (0.417) (0.259) (0.306)

High school degree (D) −0.001 0.001 −0.002 −0.003

(0.822) (0.959) (0.749) (0.841)

BA or MA degree (D) −0.001 0.002 −0.002 −0.001

(0.865) (0.857) (0.673) (0.958)

PhD degree (D) −0.001 −0.001 −0.003 −0.004

(0.724) (0.898) (0.596) (0.775)

Experience (log) −0.005 −0.011 −0.004 −0.012

(0.099) (0.290) (0.222) (0.318)

Experience squared (log) 0.001 0.002 0.001 0.003

(0.078) (0.271) (0.170) (0.281)

Risk attitude (log) 0.001 0.000 0.001 −0.002

(0.446) (0.987) (0.541) (0.759)

Patent granted (D) 0.002 0.001 0.002 0.001

(0.257) (0.752) (0.338) (0.849)

Prio year 2003 (D) 0.000 −0.003 −0.001 −0.003

(0.901) (0.487) (0.711) (0.504)

Prio year 2004 (D) 0.001 0.001 0.001 0.001

(0.592) (0.862) (0.562) (0.806)

Constant 0.005 0.018 0.004 0.031

(0.475) (0.356) (0.530) (0.146)
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interpret our findings as correlations, even though serendipitous inventions are, by definition,
unexpected and unplanned, so that concerns about the direction of causality are limited. How-
ever, despite the many controls we include, there may be sources of heterogeneity we are
unable to control for, which may correlate with the serendipity of the inventions.

The estimated results are reported in Table 4. Columns 1–8 show the results for the full sam-
ple of applicants. Columns 1–4 only include the core covariates, controls for the patent priority
year, and the (absorbed) fixed effects for technologies and countries. Columns 5–8 add all the
other control variables. In the following, we describe these latter results. They indicate that ser-
endipitous patented inventions receive fewer forward citations within 5 years (−0.107,
p = 0.006), are less likely to be used commercially by the firm itself in new products and ser-
vices (−0.033, p = 0.000), and less frequently serve to block competitors (−0.042, p = 0.000).
The effect size for citations is notable: serendipitous inventions are correlated with on average
0.107 fewer forward citations relative to other patents on planned inventions, which equals a
10% decrease compared to the mean number of citations patents receive (mean = 1.091; see
Table 2), while the predicted probability of internal commercial use in new products is 3.3 per-
centage points lower, which corresponds to an average reduction of 4% (mean = 81.2%). The
predicted probability of using the patents to block competitors is 4.2 percentage points lower for
serendipitous versus planned inventions, which corresponds to an average reduction of 8%
(mean = 56.0%). In contrast, serendipitous inventions are positively related to external commer-
cialization through licensing (0.014, p = 0.081). The predicted probability of external licensing
is 1.4 percentage points higher for serendipitous inventions relative to planned inventions.
Given that external licensing is relatively rare (mean = 17%), this means an increase of about
8% on average.

Among the control variables, firm size and ownership structure matter. Medium firm size is
negatively related to citations (−0.166, p = 0.024) but to a higher likelihood of blocking compet-
itors (0.056, p = 0.010), while large firm size is negatively related to licensing activity (−0.152,
p = 0.000), each compared to the control group of small firms. Private firms are positively corre-
lated with citations (0.254, p = 0.000) and blocking competitors (0.046, p = 0.029) but negatively
with licensing (−0.097, p = 0.000). Public research organizations show a strong positive correla-
tion with licensing (0.256, p = 0.000) and a negative correlation with blocking (−0.084,
p = 0.004), each compared to the control group of hospitals. Measures of organizational
resources and inventor characteristics also matter: R&D employees (log) are positively corre-
lated with the number of citations received (0.071, p = 0.000), but negatively related to commer-
cial use (−0.010, p = 0.000), licensing (−0.005, p = 0.017), and blocking (−0.022, p = 0.000),

TABLE 3 (Continued)

Variables

Full sample Private firms

(1) (2) (3) (4)

Knowledge
fit (share)

Knowledge
fit (D)

Knowledge
fit (share)

Knowledge
fit (D)

Observations 8390 8397 7263 7269

R2 0.013 0.020 0.014 0.022

Note: Full sample and sample of private firms. Linear regressions with absorbed fixed effects for technologies and countries.

Robust pval in parentheses. For the variables Firm Size, R&D employees, and Working autonomy we added a corresponding
dummy variable for missing values in these variables (1 if the value is missing; 0 if it is not missing).
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while risk attitude (log) is likewise positively associated with commercial use (0.069, p = 0.000),
external licensing (0.043, p = 0.000), and blocking competitors (0.084, p = 0.000). Inventors
with a PhD degree are more likely to invent patents that are licensed (0.043, p = 0.039) and less
likely to produce patents to block competitors (−0.149, p = 0.000).

Because public organizations may have different incentives and complementary assets to
materialize the value of inventions, we restrict our sample to inventions produced by inventors
in private firms only and exclude public research organizations and hospitals from the sample.
The estimated results are shown in Models 9–16 in Table 4, with the sequence of the two sets of
regressions mirroring those in Columns 1–8. The coefficients of the serendipitous invention var-
iable increase slightly in all four regressions. Overall, the estimated results remain consistent
with those for the full sample of observations.

4.4 | Robustness checks

As a first robustness check, we report the results of multinomial logit regressions that account
for potential correlations across value materialization pathways by treating the three strategies
of Commercial use, External Licensing, and Blocking of competitors as simultaneous choices
(Greene, 2000). The estimates are presented in Table 5 for the same specifications as those
reported in Table 4, both for the full sample and for the subsample of private firms. We conduct
Wald tests to check whether the coefficients across the three outcome equations are jointly
equal. The results show that the null hypothesis is rejected, that is, the categories behave differ-
ently (chiFull sample = 18.01, p = 0.000; chiPrivate firms = 24.96, p = 0.000). Overall, the main find-
ings are robust across specifications. Most importantly, the main explanatory variable,
serendipitous invention, yields estimates that are consistent with those reported in Table 4. We
observe only two noteworthy differences. The multinomial logit regressions show a slightly
stronger negative correlation between commercial use and inventors holding a PhD in the full
sample (Model 1 in Table 5 relative to Model 6 in Table 4). However, the sign of the coefficient
remains unchanged. The multinomial logit regressions also show a slightly stronger negative
correlation between blocking competitors and holding a BA or MA degree (both Models 3 and
6 in Table 5 relative to Models 8 and 16 in Table 4). Again, the sign of the coefficients remains
unchanged.

As a second robustness check, to better compare serendipitous and planned inventions, we
employ CEM and estimate four versions of the regressions displayed in Table 4 (for the full
sample) on samples of serendipitous and planned inventions matched using the following sets
of variables: (1) technology (main technological area) and inventor country; (2) technology,
inventor country, and project size (number of person-months and inventor team size); (3) tech-
nology, inventor country, project size, and inventor education (PhD degree); (4) technology,
inventor country, project size, inventor education (PhD degree), and firm size (large firm indi-
cator). CEM temporarily coarsens each matching variable into substantively meaningful strata
and performs exact matching on these coarsened data. Observations in strata containing both
treatment and control units are retained, whereas those in non-overlapping strata are removed.
The analysis, incorporating CEM-generated weights to account for differences in stratum sizes,
is then conducted on the original (uncoarsened) data. By reducing ex ante imbalance between
serendipitous and planned inventions, CEM strengthens causal inference in observational set-
tings such as ours (Iacus et al., 2012).
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We use CEM for three reasons. First, it allows transparent and substantively informed bal-
ance criteria on key invention and inventor characteristics, ensuring comparability between ser-
endipitous and planned inventions. Second, unlike propensity score-based methods, CEM does
not require correct specification of a first-stage selection model and is less sensitive to functional
form assumptions. Third, matching within coarsened strata typically preserves a large share of
the original observations. The results presented in Table A3 in the Appendix are robust to alter-
native balancing strategies on observable characteristics between the two types of inventions.
Most importantly, with regard to the main explanatory variable, serendipitous invention, we
find results fully consistent with those in Table 4. Minor differences concern the following cor-
relations. For commercial use, we find only a slightly stronger negative correlation with holding
a PhD degree in the CEM models compared to the results reported in Table 4 (Models 2, 6,
10, and 14 in Table A3 relative to Model 6 in Table 4). In addition, we observe slightly stronger
correlations between holding a BA or MA degree and both external licensing and blocking com-
petitors in the CEM models (Models 3, 4, 7, 8, 11, 12, 15, and 16 in Table A3 relative to Models
7 and 8 in Table 4). Again, the sign of the coefficient remains unchanged.

We observe more pronounced differences for technological value (number of citations). The
negative correlation between employment at a private firm and technological value is weaker in
the CEM models (Models 1, 5, 9, and 13 in Table A3 relative to Model 5 in Table 4), although
the sign of the coefficient remains unchanged. Furthermore, the CEM models show a weaker
positive correlation between work autonomy and technological value. The correlations between
educational attainment (BA, MA, and PhD) and technological value are stronger in the CEM
models. Most notably, the coefficient for holding a PhD is positive in the CEM models but nega-
tive in our main model (Table 4). However, the negative correlation in Table 4 is only weak
(p = 0.403). Finally, the matching models indicate a stronger positive correlation between risk
attitude and technological value. Again, the sign of the coefficients remains unchanged.

Overall, compared with the estimates shown in Table 4, several control variables become
more precisely estimated in the CEM models. This likely reflects the improved covariate bal-
ance and reduced model dependence achieved by matching, which allows these relationships to
be estimated within a more comparable sample. Importantly, the coefficients of the main
explanatory variable serendipitous invention remain unchanged, suggesting that our substan-
tive conclusions are robust to the matching procedure.

4.5 | Additional analyses

To move beyond average effects, we conducted contingency analyses, for which we interact ser-
endipitous inventions with context factors that are conducive to innovation, that is, firm size
and type, technology areas, and competitive environment. The results of these analyses are dis-
played in Table 6. Panel A focuses on firm size (i.e., large firms vs. small and medium sized
firms) and suggests that large firms are less likely to generate serendipitous inventions that are
technologically or commercially valuable or to use them as blocking patents. This is notable
because firm size, on average, reduces the probability of a serendipitous invention. Similarly,
private firms (vs. public research organizations or hospitals, in Panel B of Table 6) are less likely
to produce serendipitous inventions that are technologically valuable or used as blocking pat-
ents. Moreover, the positive correlation between serendipitous inventions and licensing disap-
pears in Panels A and B, suggesting that large organizations and private firms license fewer
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TABLE 6 Pathways to value materialization and serendipitous inventions (full sample)—Contingency

analysis.

A—Firm size

Variables

(1) (2) (3) (4)

Number of
citations (5 years)

Commercial
use External licensing

Blocking
of competitors

Serendipitous invention 0.025 −0.010 0.016 −0.005

(0.730) (0.466) (0.374) (0.802)

Firm size—large firm (D) 0.030 −0.002 −0.151 0.019

(0.692) (0.914) (0.000) (0.341)

Serendipitous
invention × Large firm

−0.180 −0.031 −0.003 −0.050

(0.036) (0.081) (0.864) (0.032)

Controls Included Included Included Included

Constant 0.613 0.739 0.263 0.463

(0.001) (0.000) (0.000) (0.000)

Observations 8530 8530 8530 8530

R2 0.074 0.051 0.139 0.101

B—Type of firm: Private firm

Variables

(1) (2) (3) (4)

Number of
citations
(5 years)

Commercial
use

External
licensing

Blocking of
competitors

Serendipitous
invention

0.119 −0.006 0.009 0.003

(0.253) (0.784) (0.737) (0.904)

Private firm (D) 0.346 −0.000 −0.222 0.109

(0.000) (0.988) (0.000) (0.000)

Serendipitous
invention × Private
firm

−0.262 −0.031 0.008 −0.053

(0.018) (0.218) (0.775) (0.079)

Controls Included Included Included Included

Constant 0.599 0.745 0.365 0.430

(0.001) (0.000) (0.000) (0.000)

Observations 8530 8530 8530 8530

R2 0.074 0.051 0.124 0.100

C—Main areas (reference group: Chemistry)

Variables

(1) (2) (3) (4)

Number of
citations
(5 years)

Commercial
use

External
licensing

Blocking of
competitors

Serendipitous invention −0.318 −0.013 0.035 0.005

(0.005) (0.539) (0.070) (0.845)
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TABLE 6 (Continued)

C—Main areas (reference group: Chemistry)

Variables

(1) (2) (3) (4)

Number of
citations
(5 years)

Commercial
use

External
licensing

Blocking of
competitors

Main area: Electrical Engineering −0.727 0.039 0.004 0.102

(0.000) (0.031) (0.820) (0.000)

Serendipitous invention ×
Electrical engineering

0.183 −0.041 −0.024 −0.066

(0.177) (0.151) (0.359) (0.047)

Main area: Instruments −0.392 0.059 −0.045 0.085

(0.000) (0.001) (0.006) (0.000)

Serendipitous invention ×
Instruments

0.268 −0.050 −0.032 −0.090

(0.081) (0.086) (0.235) (0.010)

Main area: Process Engineering −0.606 0.053 −0.020 0.102

(0.000) (0.004) (0.253) (0.000)

Serendipitous invention × Process
Engineering

0.251 0.003 0.001 −0.043

(0.073) (0.903) (0.984) (0.216)

Main area: Mechanical
Engineering

−0.637 0.026 −0.028 0.017

(0.000) (0.159) (0.065) (0.441)

Serendipitous invention ×
Mechanical Engineering

0.200 −0.009 −0.039 −0.016

(0.130) (0.752) (0.099) (0.639)

Main area: Construction,
Consumer Goods

−0.707 0.076 −0.028 0.136

(0.000) (0.000) (0.164) (0.000)

Serendipitous invention ×
Construction, Consumer Goods

0.536 0.007 −0.021 −0.053

(0.003) (0.817) (0.520) (0.220)

Controls included included included included

Constant 1.107 0.727 0.288 0.436

(0.000) (0.000) (0.000) (0.000)

Observations 8530 8530 8530 8530

R2 0.060 0.041 0.133 0.088

D—Competition (region)

Variables

(1) (2) (3) (4)

Number of
citations (5 years)

Commercial
use

External
licensing

Blocking of
competitors

Serendipitous invention −0.110 −0.033 0.013 −0.042

(0.007) (0.000) (0.113) (0.000)

Competitor same region (D) −0.002 0.033 −0.036 0.025

(0.991) (0.113) (0.087) (0.364)

0.010 −0.006 0.017 0.002
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patented inventions overall than small and medium-sized firms and public research organiza-
tions, respectively. Overall, these results are consistent with those reported in Table 4.

Regarding technological heterogeneity (Panel C in Table 6), chemistry represents a strongly
discrete technological area, as inventions such as molecules, compounds, formulations, or pro-
cesses can often be protected by relatively few patents. In contrast, electrical engineering is
highly complex, with electronic products typically incorporating numerous patentable compo-
nents and complementary technologies, while the remaining technological areas lie between
these extremes. Comparing these discrete and complex technologies, we find no systematic dif-
ferences in value materialization between serendipitous patented inventions in chemistry and
electrical engineering, except for blocking. Serendipitous inventions in electrical engineering
are even less likely to be used to block competitors than those in chemistry. For the technology
areas of instrumentation, process engineering, and construction increase the likelihood that ser-
endipitous inventions are technologically valuable relative to the reference category of chemis-
try. Conversely, these areas reduce the likelihood of external licensing compared with the same
reference group. Overall, these findings indicate substantial variation in the creation and use of
the value of serendipitous inventions across technology areas. There are instead no differences
in serendipitous inventions depending on the competitive environment (i.e., whether there are
competitors located in the same region, Panel D in Table 6).

Moreover, given that most existing research on serendipitous inventions has showcased
highly influential examples such as penicillin (Busch, 2024 provides an extensive list), we
explore the skewed distribution of value further. We restrict this analysis to forward citations,
as it is the only variable in our dataset that is continuous. More specifically, we check the
results for this dependent variable, with a simultaneous quantile regression analysis. This analy-
sis produces the same coefficients for each quantile as a standard quantile regression. The
reported standard errors are also similar, but the variance–covariance matrix is computed via
bootstrapping, and it includes between-quantile blocks. Thus, it is possible to test and construct
confidence intervals comparing coefficients describing different quantiles (Tokdar &
Kadane, 2011). The results of this exercise are in Table 7. Columns 1–3 show the results for the

TABLE 6 (Continued)

D—Competition (region)

Variables

(1) (2) (3) (4)

Number of
citations (5 years)

Commercial
use

External
licensing

Blocking of
competitors

Serendipitous invention ×
Competitor same region

(0.960) (0.863) (0.599) (0.956)

Controls Included Included Included Included

Constant 0.692 0.748 0.268 0.480

(0.000) (0.000) (0.000) (0.000)

Observations 8521 8521 8521 8521

R2 0.074 0.051 0.140 0.101

Note: Linear regressions with absorbed fixed effects for technologies (Models A, B, D) and countries. Robust pval in

parentheses. For the variables Firm Size, R&D employees, Project size, and Working autonomy we added a corresponding
dummy variable for missing values in these variables (1 if the value is missing; 0 if it is not missing).
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full sample of observations. The correlation between serendipitous invention and forward cita-
tions varies substantially across the citation distribution. At the 75th quantile, the coefficient
(−0.168, p = 0.004) suggests a weak negative association between serendipitous inventions and
citation counts. At the upper end of the distribution, however, the coefficients become larger in
magnitude. At the 85th quantile, serendipitous inventions are associated with 0.273 fewer cita-
tions (p = 0.001), while at the 95th quantile the association reaches −0.472 (p = 0.012). This
means that a change from 0 to 1 in the serendipity dummy is associated with a reduction of
about one quarter of the citations at the 85th quantile of the distribution and almost 50% of the
citations at the 95th quantile of the distribution (difference between the three coefficients: F
(2, 8508) = 2.02, p = 0.1333). Columns 4–6 in Table 7 show the results for the sample of private
firms. The results remain robust, although the size of the coefficients is slightly higher (19% at
the 75th quantile, 30% at the 85th quantile, and 55% at the 95th quantile; F(2, 7338) = 2.58,
p = 0.076). Overall, these results confirm that serendipitous inventions are negatively associated
with the likelihood of generating highly cited patents, and therefore with their technological
impact, and this association becomes more pronounced at the upper tail of the citation
distribution.

Among the controls, R&D employees (log) are positively correlated with citations across all
quantiles, with the magnitude increasing from 0.068 at the 75th quantile (p = 0.000) to 0.258 at
the 95th quantile (p = 0.000). A PhD degree is strongly and positively associated with citations
at all quantiles, with effect sizes ranging from 0.557 (p = 0.000) at the 75th quantile to 0.992
(p = 0.012) at the 95th quantile.

Figure 1 further shows the value distribution of serendipitous and planned inventions. Con-
sistent with the quantile regression results in Table 7, the patterns show that serendipitous
inventions are more prevalent than planned inventions among patents that receive no citations.
Conversely, planned inventions are more common among highly cited patents, that is, those
receiving more than two citations. To gain insights into the properties of the most valuable
inventions, Table 8 summarizes the characteristics of the 14 most valuable serendipitous

51.9

23.16

11.3 10.59

2.52 1.04

50.23

23.04

11.21 12.03
2.92

0.93

54.14

23.34

11.47

8.66

2.03 1.41

0

10

20

30

40

50

60

0 >0; <=1 >1; <=2 >2; <=5 >5; <=10 >10

S
ha

re
 (

%
)

Distribution (number of citations (5 years))

Full sample Planned inventions Serendipitous inventions

FIGURE 1 Distribution of planned and serendipitous inventions across the citation distribution (5 years

forward citations). Nfull = 8530; Nplanned = 4882; Nserendipitous = 3648.

34 GRIMPE ET AL.

 10970266, 0, D
ow

nloaded from
 https://sm

s.onlinelibrary.w
iley.com

/doi/10.1002/sm
j.70126 by Philipp Z

um
stein - U

niversitatsbibliothek , W
iley O

nline L
ibrary on [23/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



T
A
B
L
E

8
C
h
ar
ac
te
ri
st
ic
s
of

th
e
14

m
os
t
h
ig
h
ly

ci
te
d
(5
‐y
ea
r
fo
rw

ar
d
ci
ta
ti
on

s)
se
re
n
di
pi
to
us

in
ve
n
ti
on

s.

N
o.

of

ci
ta
ti
on

s

(5
‐y
ea

rs
)

C
om

m
er
ci
al

u
se

E
xt
er
n
al

li
ce
n
si
n
g

B
lo
ck

in
g
of

co
m
p
et
it
or
s

F
ir
m

si
ze

T
yp

e
of

fi
rm

R
&
D

em
p
lo
ye

es

W
or
k
in
g

au
to
n
om

y

L
ev

el
of

ed
u
ca

ti
on

E
xp

er
ie
n
ce

(y
ea

rs
)

W
il
li
n
gn

es
s

to
ta
k
e

ri
sk

In
ve

n
to
r

te
am

si
ze

T
ec
h
n
ol
og

y

m
ai
n
ar
ea

T
ec
h
n
ol
og

y
ar
ea

11
Y
es

Y
es

Y
es

L
ar
ge

fi
rm

Pr
iv
at
e
fi
rm

0
N
o

B
A
or

M
A

de
gr
ee

4
7

5
E
le
ct
ri
ca
l

en
gi
n
ee
ri
n
g

In
fo
rm

at
io
n

te
ch

n
ol
og
y

11
Y
es

N
o

Y
es

M
ed
iu
m

fi
rm

Pr
iv
at
e
fi
rm

15
Y
es

B
A
or

M
A

de
gr
ee

2
9

1
In
st
ru
m
en

ts
A
n
al
ys
is
/

m
ea
su
re
m
en

t/

co
n
tr
ol

te
ch

.

13
Y
es

Y
es

Y
es

L
ar
ge

fi
rm

Pu
bl
ic
re
s.
or
g.

25
00

Y
es

Ph
D
de
gr
ee

11
8

5
C
h
em

is
tr
y

O
rg
an

ic
ch

em
is
tr
y

13
Y
es

Y
es

Y
es

L
ar
ge

fi
rm

Pu
bl
ic
re
s.
or
g.

25
00

Y
es

Ph
D
de
gr
ee

11
8

5
C
h
em

is
tr
y

O
rg
an

ic
ch

em
is
tr
y

14
N
o

N
o

N
o

Sm
al
lf
ir
m

Pr
iv
at
e
fi
rm

20
Y
es

Ph
D
de
gr
ee

6
9

2
In
st
ru
m
en

ts
A
n
al
ys
is
/

m
ea
su
re
m
en

t/

co
n
tr
ol

te
ch

.

15
Y
es

N
o

Y
es

L
ar
ge

fi
rm

H
os
pi
ta
l

10
N
o

B
A
or

M
A

de
gr
ee

25
7

4
In
st
ru
m
en

ts
A
n
al
ys
is
/

m
ea
su
re
m
en

t/

co
n
tr
ol

te
ch

.

16
Y
es

Y
es

Y
es

Sm
al
lf
ir
m

Pr
iv
at
e
fi
rm

10
Y
es

B
A
or

M
A

de
gr
ee

3
8

3
In
st
ru
m
en

ts
O
pt
ic
al

te
ch

n
ol
og
y

16
Y
es

Y
es

Y
es

Sm
al
lf
ir
m

Pr
iv
at
e
fi
rm

10
Y
es

B
A
or

M
A

de
gr
ee

3
8

3
In
st
ru
m
en

ts
O
pt
ic
al

te
ch

n
ol
og
y

17
Y
es

N
o

Y
es

Sm
al
lF

ir
m

Pr
iv
at
e
fi
rm

4
Y
es

B
A
or

M
A

de
gr
ee

1
11

2
C
iv
il
en

gi
n
ee
ri
n
g/

co
n
su
m
er

go
od

s

C
on

st
ru
ct
io
n

te
ch

n
ol
og
y

17
Y
es

N
o

Y
es

Sm
al
lf
ir
m

Pr
iv
at
e
fi
rm

4
Y
es

B
A
or

M
A

de
gr
ee

1
11

2
C
iv
il
en

gi
n
ee
ri
n
g/

co
n
su
m
er

go
od

s

C
on

st
ru
ct
io
n

te
ch

n
ol
og
y

19
Y
es

N
o

Y
es

L
ar
ge

fi
rm

Pr
iv
at
e
fi
rm

0
N
o

B
A
or

M
A

de
gr
ee

5
8

19
M
ec
h
an

ic
al

en
gi
n
ee
ri
n
g

M
ot
or
s

22
Y
es

Y
es

N
o

L
ar
ge

fi
rm

Pr
iv
at
e
fi
rm

20
,0
00

Y
es

B
A
or

M
A

de
gr
ee

39
6

1
E
le
ct
ri
ca
l

en
gi
n
ee
ri
n
g

T
el
ec
om

22
Y
es

Y
es

Y
es

L
ar
ge

fi
rm

Pu
bl
ic
re
s.
or
g.

0
N
o

B
A
or

M
A

de
gr
ee

2
9

5
C
h
em

is
tr
y

O
rg
an

ic
ch

em
is
tr
y

23
Y
es

Y
es

Y
es

L
ar
ge

fi
rm

Pr
iv
at
e
fi
rm

0
N
o

Ph
D
de
gr
ee

22
8

4
C
h
em

is
tr
y

P
et
ro
lc
h
em

is
tr
y/

m
at
er
ia
ls
ch

em
is
tr
y

M
ea
n

16
.3
6

0.
93

0.
57

0.
86

Sm
al
lf
ir
m
:0

.3
6;

m
ed
iu
m

fi
rm

:

0.
07
;l
ar
ge

fi
rm

:

0.
57

Pr
iv
at
e
fi
rm

:

0.
71
;p

ub
l.

re
s.
or
g.
:

0.
22
;h

os
pi
ta
l:

0.
07

17
90

0.
64

B
Sc
/M

Sc
:0

.7
1;

Ph
D
:0

.2
9

9.
64

8.
36

4.
36

GRIMPE ET AL. 35

 10970266, 0, D
ow

nloaded from
 https://sm

s.onlinelibrary.w
iley.com

/doi/10.1002/sm
j.70126 by Philipp Z

um
stein - U

niversitatsbibliothek , W
iley O

nline L
ibrary on [23/09/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



inventions in our dataset, each of which has received 10 or more citations. The results suggest
that highly valuable serendipitous inventions share several attributes with planned inventions:
they are often developed in large firms, by highly educated inventors, within sizeable inventor
teams, and primarily in the instruments and chemicals technology areas. Interestingly, valuable
serendipitous inventions can also stem from projects in which no R&D employees were
involved. These could be cases of process innovations that, for example, are developed by pro-
duction employees who are then listed as inventors in the patent application since they had the
idea for the invention.

5 | DISCUSSION

We conduct this study to uncover the value materialization pathways of patented inventions
resulting from serendipity. In particular, we investigate the average value of serendipitous pat-
ented inventions compared to patented planned inventions. A survey of inventors and their
inventions provides us with the unique opportunity to identify the former in a large sample of
patents and allows systematic comparisons with planned inventions. We interpret the presence
of a patent application as an indication that a firm has recognized the potential value of a seren-
dipitous invention. We use literature on value materialization of planned inventions to struc-
ture our explorative analysis into four pathways, that is, technological impact, internal
commercialization, licensing, and competitor blocking. Our findings fall into three categories
with implications for future research on the value of serendipitous inventions.

First, serendipitous inventions account for 42.8% of patents in our sample. This figure likely
represents a conservative estimate of their actual occurrence, as other potentially valuable ser-
endipitous inventions may go unrecognized and remain unobserved when they do not result in
patent applications. They remain invisible also in our study, and so it is their potential value.
Nevertheless, our data indicate that the recognition of value from patentable serendipitous
inventions is by no means uncommon. Whether recognizing the latent value of serendipitous
inventions (Busch, 2024) becomes easier for inventions that qualify for patenting—for example,
because they are codifiable and firms can use the same processes for patentability evaluations
as they would for planned inventions—remains to be seen.

Second, we find that prominent cases of highly valuable serendipitous inventions, such as
the 3M Post-it notes, are not representative of the average serendipitous invention in a larger
sample of patented inventions. Compared with patented planned inventions, they are less likely
to influence subsequent inventions, to result in novel products and services marketed by the
company itself, and to allow the strategic blocking of competitor inventions.

These insights position serendipitous inventions within a broader theoretical discussion
about constraints to value materialization. Serendipitous inventions are more likely than
planned inventions to emerge outside the focal trajectory of a firm's R&D program (Garud
et al., 2011). Hence, these inventions are less likely than planned inventions to align with the
firm's existing technological competencies, its portfolio of ongoing projects, or its commercial
strategy (Cattani & Mastrogiorgio, 2021; Yaqub, 2018). They may be more difficult for firms to
integrate into established routines and thus more likely to be neglected or underexploited,
highlighting the distinction between the origins of potentially valuable opportunities and firms'
ability to appropriate their value (Barney, 1986). Moreover, serendipitous inventions may often,
since they are unplanned, demand complementary assets that firms do not possess
(Teece, 1986). One possible explanation is that even if the technical solution is promising,
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commercialization requires downstream capabilities in production, distribution, or regulatory
approval (King, 2003). Planned inventions are more likely to be designed with these comple-
ments in mind, whereas serendipitous inventions may expose gaps in the firm's asset base.
Without appropriate access to such assets, either internally or through partnerships, commer-
cialization through a firm's own products can be challenging. In that sense, we connect to
research on technological preadaptation (Cattani, 2005, 2006), suggesting that many firms may
find it difficult to leverage their knowledge base to successfully commercialize serendipitous
inventions themselves. Furthermore, serendipitous inventions may face greater diffusion bar-
riers on markets than planned inventions (Rogers, 1962). Since product markets are structured
around expectations, categories, and standards (Hargadon & Douglas, 2001; Rosa et al., 1999),
serendipitous inventions that do not fit those structures may struggle to find adoption. As a
result, firms may be more uncertain about how to frame and market such inventions.

Third, we find that a promising pathway for value materialization of serendipitous inven-
tions is one that is rarely explicitly considered by existing serendipity research, that is, that the
value materializes by licensing serendipitous inventions to other firms. Relying on markets for
technology (Arora et al., 2001; Arora & Gambardella, 2010) might be a promising way for firms
to overcome the conditions that hinder value materialization, such as when developing seren-
dipitous inventions into new products. As such, a particularly promising route for value materi-
alization from serendipitous inventions may be to license them out.

Taken together, our study advances research on serendipity by providing empirical evidence
on the occurrence and value of serendipitous patented inventions, building on the ontological
clarification of serendipity as a concept (Busch, 2024). We decompose the value materialization
pathways of serendipitous inventions based on a framework of four dominant pathways for
planned inventions. That makes it possible to isolate diverging mechanisms between planned
and serendipitous inventions. We arrive at actionable theory, informing managers that a com-
mon and, thus, a particularly promising route for value creation from serendipitous patented
inventions is through licensing them. Hence, they can align resources and structures accord-
ingly. In that sense, our research points at the organizational and managerial processes through
which managers perceive, evaluate, select, and exploit technological opportunities (Cockburn
et al., 2000; Garud et al., 1997). Further, we connect literature on value materialization from
serendipitous inventions to theory on the supply side of markets for technology (Arora
et al., 2001; Arora & Gambardella, 2010). While this stream of research has considered unused
technologies as one type of technology that is likely to be sold or licensed out, our findings shed
light on the effect of serendipitous inventions on the establishment of markets for technology.

These insights for research also have immediate implications for the management of inno-
vation in firms. We show that isolated examples for the value of serendipitous inventions can
be misleading for the average firm and that innovation budgets that are supposed to produce
influential technologies for follow-up development, product development, and strategic block-
ing seem to be better allocated to planned innovation projects. However, our findings regarding
the lower knowledge fit of serendipitous inventions compared to planned ones can also be
interpreted to mean that serendipitous inventions give companies the opportunity to explore
and recombine new knowledge components. Consequently, serendipitous inventions could also
serve as the basis for overcoming path dependency. Further research is needed to support this
logic.

Moreover, investments into increasing serendipitous inventions seem to be suitable for firms
with strong capabilities to find licensees or sell technologies, for example, based on legal exper-
tise or relational advantages. These capabilities seem to be particularly beneficial for turning
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serendipitous patented inventions into firm value. Finally, our analysis suggests that although
serendipitous inventions are more likely to emerge from smaller projects and firms, and from
less educated inventors, those that prove more technologically valuable (as indicated by forward
citations) originate from projects and firms that are more similar to those of planned inventions.
Moreover, in a contingency analysis, we found the absence of moderation effects from competi-
tion. Both results are intriguing and provide avenues for future research.

6 | LIMITATIONS AND CONCLUSIONS

Our study is not without limitations which might in turn provide opportunities for future
research. First, our analysis is limited to patented inventions. Therefore, the lower average
value that we observe for serendipitous inventions should not be interpreted as evidence that
serendipity is generally less valuable. In addition, invention value is a multidimensional con-
struct. Hence, alternative measures of invention value exist (Andriani & Cattani, 2024;
Bowman & Hurry, 1993), and our data do not allow us to draw conclusions about these other
dimensions.

We benefit from a unique data opportunity to identify large numbers of serendipitous pat-
ented inventions. However, because of the cross-sectional nature of the data, it is hard to make
causal claims. We were careful in this respect in the interpretation of the results and wish that
future studies may benefit from settings and new data that allow going beyond interesting cor-
relations on this underexplored and relevant topic. Although our survey data are unique, we
acknowledge the inherent limitations of survey-based research. Most importantly, we can
observe only those aspects that are explicitly covered by the survey instrument, and all
responses are self-reported by inventors. Although inventors in most countries, particularly
those who receive inventor compensation from their institutions, generally have a good under-
standing of the value of their inventions (Harhoff & Hoisl, 2007), they are not involved in all
corporate decision-making processes. If at all, inventors may overestimate the value of their pat-
ented inventions. However, if so, our estimates are likely to be conservative. Finally, because
both the dependent and explanatory variables are derived from the same survey, the possibility
of common method bias cannot be entirely ruled out. To mitigate this concern, we also employ
patent-based measures of value, specifically citation-based indicators.

We further acknowledge that our interpretation of the results is informed by our extensive
survey data, numerous interviews with inventors, and a strong theoretical foundation. Never-
theless, we cannot rule out alternative explanations for our findings.

Moreover, our dataset contains patents filed between 2003 and 2005. An advantage of this
dataset is that it allows us to fully observe commercialization and citation patterns. Temporal
external validity, however, warrants discussion. We contend that, although the technological
and institutional environment has evolved since 2005, the core distinctions and mechanisms
examined in this study remain largely still relevant. This is because the relationships we analyze
are grounded in inventor and organizational mechanisms that are not specific to a particular
technology trajectory. Research in innovation and organizational economics suggests that some
key drivers of inventive activity, including incentives, collaboration structures, and knowledge
search, exhibit substantial persistence across technological eras (Dosi, 1982; Fleming, 2001;
Nelson & Winter, 1982). Although technologies evolve, innovation processes typically take time
to change considerably (Cohen & Levinthal, 1990; Rosenberg, 1976). In addition, several institu-
tional features relevant to our analysis, including the structure of intellectual property systems
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and the organization of R&D, have remained broadly comparable. Prior work suggests that
although institutions adapt incrementally, the underlying economic logic of inventive behavior
remains largely unchanged (Arora et al., 2001; Mowery & Rosenberg, 1989; North, 1990). Even
the composition of the inventive workforce in terms of gender and education has changed little
over the past two decades (Hoisl et al., 2023).

At the same time, we acknowledge that, especially in very recent years, technological devel-
opments may affect the magnitude or expression of the observed effects or have changed the
distribution of technology areas (which, for the time window in our analysis, we control with
[absorbed] fixed effects for technologies). In particular, AI and green technology development
may influence how inventions are commercialized. Consistent with prior research, such shifts
may moderate the strength or manifestation of established mechanisms more than fundamen-
tally alter them (Bresnahan & Trajtenberg, 1995; Cockburn et al., 2018; Nambisan et al., 2017).
Even though we do not fear obsolescence of our data, our findings should be interpreted as evi-
dence on the direction of some structural relationships rather than period-specific estimates.

In addition, we study patentable serendipitous inventions. This gives us comparable inven-
tions that emerged either in a planned or serendipitous way, all of which are valuable enough
to justify the cost of an EP patent. Nevertheless, many inventions, such as marketing innova-
tions, business models, or nontechnical software, may not be patentable (in Europe) and they
are likely to follow different value materialization pathways. Hence, we encourage future
research that qualifies our findings on value materialization pathways for other types of
innovations.

In addition, our data do not allow us to draw direct conclusions about firms' intentions with
these patents, unless visible in the realized materialization strategies reported by the inventors.
We account for the role of firms in our analysis by controlling for firm characteristics and by
examining knowledge fit. What we cannot investigate, however, is whether firms, for instance,
deliberately create organizational or environmental conditions that increase the likelihood that
serendipitous inventions will emerge. Such questions represent interesting avenues for future
research. Finally, we observe value materialization outcomes of serendipitous inventions but
not the evaluation and decision-making procedures that firms use for these types of inventions
in general and for out-licensing decisions in particular. We suspect that biases and heuristics
enter firm choices on value materialization when inventions were not planned. Studying these
processes is best suited for qualitative or experimental research designs. In closing, despite
these limitations, our study offers a unique opportunity to examine how serendipitous inven-
tions materialize in value. It qualifies and extends insights from smaller scale studies, revealing
that the phenomenon is broader in scope than commonly assumed.
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TABLE A2 Correlates of serendipitous inventions.

Variables

(1) (2) (3) (4) (5) (6)

Serendipitous invention

Reference group: small firms

Firm size—medium-sized
firm (D)

−0.061 −0.049 −0.060 −0.055 −0.052 −0.055

(0.010) (0.036) (0.010) (0.031) (0.041) (0.031)

Firm size—large firm (D) 0.009 0.027 0.001 0.031 0.039 0.025

(0.611) (0.132) (0.969) (0.106) (0.045) (0.187)

Reference group: public research organizations and hospitals

Private firm (D) −0.047 −0.047 −0.072 −0.047 −0.050 −0.067

(0.004) (0.003) (0.000) (0.009) (0.005) (0.000)

RD employees (log) −0.020 −0.015 −0.019 −0.014 −0.011 −0.014

(0.000) (0.000) (0.000) (0.000) (0.001) (0.000)

Working autonomy (D) −0.040 −0.038 −0.032

(0.001) (0.002) (0.011)

Autonomy: task 0.025 0.023 0.024

(0.000) (0.000) (0.000)

Autonomy: budget size 0.002 0.002 0.001

(0.778) (0.762) (0.829)

Autonomy: budget spent −0.027 −0.029 −0.022

(0.000) (0.000) (0.000)

Autonomy: work hours 0.001 0.001 0.002

(0.844) (0.805) (0.655)

Autonomy: information shared 0.042 0.040 0.046

(0.005) (0.006) (0.002)

R&D project mgmt: decisions
made by one person

0.009 0.007 0.010

(0.046) (0.144) (0.031)

R&D project mgmt: decisions
well communicated

−0.007 −0.006 −0.009

(0.221) (0.264) (0.121)

R&D project mgmt: respect team leader −0.000 0.001 0.003

(0.957) (0.870) (0.605)

R&D project mgmt: own decisions possible −0.017 −0.012 −0.017

(0.004) (0.053) (0.005)

R&D project mgmt: decisions discussed 0.006 0.010 0.007

(0.249) (0.063) (0.193)

R&D project mgmt: clear division of tasks −0.024 −0.022 −0.020

(0.000) (0.000) (0.001)
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TABLE A2 (Continued)

Variables

(1) (2) (3) (4) (5) (6)

Serendipitous invention

Reference group: secondary or high school degree

BA or MA degree (D) −0.054 −0.040 −0.047 −0.035 −0.027 −0.030

(0.003) (0.023) (0.008) (0.080) (0.178) (0.133)

PhD degree (D) −0.113 −0.092 −0.093 −0.097 −0.083 −0.082

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Constant 0.602 0.664 0.837 0.614 0.654 0.792

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Observations 8530 8530 8494 7058 7058 7030

R2 0.038 0.058 0.071 0.065 0.077 0.091

Variables

(1) (2) (3) (4) (5) (6)

Serendipitous invention

Experience (log) −0.052 −0.047 −0.053 −0.001 −0.001 −0.004

(0.084) (0.107) (0.073) (0.987) (0.983) (0.893)

Experience squared (log) 0.013 0.010 0.013 −0.001 −0.002 0.000

(0.056) (0.129) (0.048) (0.932) (0.803) (0.992)

Inventor team size (log) −0.123 −0.101

(0.000) (0.000)

Project size (person-months) −0.051 −0.046

(0.000) (0.000)

Risk attitude (log) 0.027 0.023 0.034 0.019 0.015 0.019

(0.063) (0.115) (0.019) (0.246) (0.340) (0.233)

Prio year 2003 (D) 0.006 0.008 0.012 0.012 0.013 0.019

(0.630) (0.527) (0.352) (0.412) (0.359) (0.182)

Prio year 2004 (D) 0.007 0.008 0.009 0.002 0.002 0.005

(0.576) (0.548) (0.494) (0.906) (0.864) (0.734)

Constant 0.602 0.664 0.837 0.614 0.654 0.792

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Observations 8530 8530 8494 7058 7058 7030

R2 0.038 0.058 0.071 0.065 0.077 0.091

Note: Linear regressions with absorbed fixed effects for technologies and countries; robust pval in parentheses. For the variables

Firm Size, R&D employees, Project size, and Working autonomy we added a corresponding dummy variable for missing values
in these variables (1 if the value is missing; 0 if it is not missing). The number of observations varies because of missing values
in the project management and project size variables. The autonomy and project management variables were measured using a
6-point Likert scale. The project size in person-months was measured in nine categories from 1 = less than 1 person-month to
9 = more than 48 person-months.
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