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The concept of serendipity or accidental discovery is typically discussed in the context of organiza-
tional research and development (RnD) through narratives involving ‘renegade iconoclasts’ laboring at
the periphery. Recently, robust academic literature has emerged that grounds serendipity epistemo-
logically. In the current work, this literature is introduced in the context of the typical activities of
contemporary life science-focused RnD organizations. Practical patterns are described that can increase
the likelihood of realizing accidental (serendipitous) RnD discoveries.

Keywords: serendipity; research and development; innovation; organizational theory; accidental discovery
Introduction
Since the emergence and rapid global
transmission of the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-
2), nearly every facet of the human experi-
ence has been affected.1 The tragic loss of
life and unprecedented strain on health
systems, economies, supply chains, and
individual mental health are just a few
aspects of our lives that have been
affected2 and will continue to be affected
well into the foreseeable future.

The novelty of the coronavirus necessi-
tated an initial nonpharmaceutical public
health response that included, but was
1359-6446/� 2023 Elsevier Ltd. All rights reserved.
https://doi.org/10.1016/j.drudis.2023.103648
not limited to travel restrictions, munici-
pal lockdowns, mask wearing, and school
closures.3

In parallel with this broad-spectrum
public health response was an unprece-
dented (in its speed and outcome) attack
on the virus through vaccine develop-
ment. The viral genome was made public
on January 11, 2020, just 1 month after
the first report of a novel respiratory virus
in Wuhan, China. Just days later, on Jan-
uary 15, Moderna (a US-based biotechnol-
ogy company), in collaboration with the
US National Institutes of Health, finalized
its design of the prototype mRNA mole-
cule that would constitute its vaccine. A
mere 62 days later, clinical trials in
humans began and the first dose of the
vaccine developed by Pfizer was adminis-
tered to a British nonagenarian in early
December 2020. In stark contrast to this
development story, for the polio vaccine
in the United States, there was a 20-year
span between the clinical trials and
licensing.4

Concomitantly, during this time in the
UK, a partnership between Oxford Univer-
sity and AstraZeneca (the Anglo-Swedish
pharmaceutical company) emerged. Astra-
Zeneca’s involvement followed the estab-
www.drugdiscoverytoday.com 1
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lishment of early clinical trials by the uni-
versity. During the production of vaccines
for clinical studies, a contractor acciden-
tally provided doses at half strength. Fol-
lowing disclosure to the appropriate
regulatory bodies, exploration of the
effects of two dosing strengths were
approved. Upon analyses of the trials, it
was discovered that volunteers given a half
dose, followed by a full dose, were con-
ferred more protection from the disease
(�90% vs. 62%). The Head of Research at
AstraZeneca dubbed this outcome
‘serendipitous’.5

This is hardly the only example of
unexpected side effects becoming the pri-
mary use for a drug; contextual observa-
tions of the psychological side effects of
imipramine and chlorpromazine and of
their respective impact on mood and anx-
iety, for instance, heralded the current era
of psychopharmacology.6,7 Recently, an
exploration of the use of thalidomide-like
molecules as molecule glue degraders was
published. The authors discuss these mole-
cules exploring both intentional and acci-
dental methods of discovery.8 This has
particular importance given the growing
role of alternative modes of target inhibi-
tion within the field of drug discovery.

The previous response to recognizing
the significance of accidental drug discov-
ery was to take a ‘trial and error’ approach
to discovery by testing compounds similar
to those already found.9 However, more
recent work suggests intentionally incor-
porating accidental discoveries into
research processes.10

While innovative outcomes can be
sought and planned for by organizations
(i.e., through intentional acts of ‘re-
search’), there are always opportunities
for accidental discovery. In contrast to
planned approaches – which require speci-
fic focus, resource allocation, and coordi-
nation – the potential for accidental
discovery is significant and yet remains
underappreciated in organizational
strategies.

Given this observation, anything that
might make the realization of accidental
discovery more likely should be considered
of high importance. While there is robust
literature regarding the realization of
research, it is only recently that a formal
language and epistemology have been
developed regarding accidental discovery.
2 www.drugdiscoverytoday.com
The following contribution, set against
the backdrop of an almost existential need
to innovate for survival, seeks to describe
how life science-oriented research organi-
zations can structure themselves to maxi-
mize the likelihood of chance situations
giving rise to valuable outcomes. The prin-
cipal message of this work is simple – there
frequently exists significant unrealized ‘ex-
cess value’ resulting from normative
research activities and there are some
already well described patterns that can
be used to realize this value.

Because strategy is involved, we
employed the concept of ‘serendipity’ to
characterize the kind of accidental discov-
ery referred to in this study (explored fur-
ther in a later section). This word,
infamously invented by Horace Walpole
in 1754 and gaining ground in popular
usage worldwide ever since, captures those
discoveries that happen ‘by accident and
sagacity’. What Walpole meant by sagac-
ity, a word for a kind of perceptual wis-
dom, remains a point of debate. For our
purposes, it suffices to state that it calls
attention to the intentions involved in
these discoveries, which differ from mere
luck; these accidental discoveries need a
‘prepared mind’ or ‘prepared organization’
to make happen. By using this concept, we
highlight the active role that RnD institu-
tions can take when it comes to making
room for accidental, valuable discoveries
to take shape.11

This work is organized as follows. In the
next section, we briefly describe how con-
temporary research activities are typically
organized. The concept of accidental dis-
covery is then more fully described and
oriented with respect to the emerging liter-
ature. Several patterns are introduced,
which describe a variety of scenarios for
use within a research context such that
acts of accidental discovery are both
acknowledged, encouraged, and realized.
Finally, concluding remarks are offered.

The role of research
In the following description, for founda-
tional purposes, we take an abstract view
of the role of research and the organization
of actors who engage in it.

We consider organizations to be com-
posed of coordinated individuals engaging
in a variety of activities that contribute to
the delivery of a service(s) and/or product
(s). These activities are performed within
a complex context consisting of tangible
and intangible elements. These include,
for example, a variety of physical spaces
and surroundings, normative expectations
(both documented and otherwise), and a
complex adaptive culture.12

The actors themselves are unique, each
with their own background and blend of
intrinsic and extrinsic motivations.
Engagement of the actor, in their work
and toward the efficacy of the organiza-
tion’s mission in delivering service(s)
and/or product(s), is a dynamic function
of time and context, and is malleable in
its nature.13

The service(s) and/or product(s) are
consumed in a marketplace by customers.

To remain competitive, in a crowded
marketplace, organizations are required to
constantly revisit their offerings – by
increasing their novelty (with respect to
prior or competitor offerings), improving
their value proposition (providing same
or similar offerings for less, or more effi-
ciently), or including some other differen-
tiated quality (e.g., reduced environmental
impact, greater sustainability, or
availability).

As a result of its abstract framing, the
above describes academic, governmental,
and both for- and not-for-profit organiza-
tions situated within a democratically cap-
italistic system.

In short, the long-term viability of any
such organization is dependent on
growth, adaptation, and renewal. Accord-
ingly, organizations have a vested interest
in deploying their finite resources to estab-
lish systems, structures, and processes to
systematically ask and subsequently
answer questions that can make sense of
their unknown, but developing context.

We consider research to be the act of
asking and answering questions. Within
the above framing, research has expected
utility or value. This notion of value is con-
textual. For example, for a for-profit orga-
nization, the value may lie in the future
commercial prospects of the research;
while for an academic institution, the
value may be derived from awards, grants,
or enhanced standing.

Ultimately, value is expected to con-
tribute to the continuity and viability of
the organization. However, given the
importance of organizational growth and
renewal, it is important to recognize that
while some actors may have formal roles
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in engaging in research, all actors are
nonetheless motivated (at least in princi-
ple) to identify and engage in ‘research’
opportunities.

To be clear, within this description, the
‘orientation’ of the research (‘applied’ vs
‘basic’ – or any other such framing of ‘ac-
tivities’14) is of limited importance to us.
It is assumed that research is enabled and
executed, and that outputs are realized.

Accidental discovery
In general, organizations have strived to
control or contain uncertainty via meth-
ods such as risk assessment or targeted
research, and through streamlining and
the use of theory to avoid wastage by trial
and error.15,16

Increasingly, however, organizational
and business theory has recognized the
benefit of unexpected opportunities,
which have been historically described
through stories, wherein the canonical
narrative involves the lone rogue inventor
developing a unique (and ultimately suc-
cessful) product that was previously dis-
missed, marginalized, or unsupported. A
classic example is the accidental discovery
of vulcanization after Goodyear’s long and
arduous search for a way to make rubber
more durable. Or the dogged promotion
of the theory of the bacterial pathogenesis
of stomach ulcers by Barry Marshall, who
had first to change scientific theory to con-
vince others that ulcers could be medically
treated, as he had surprisingly learned. Sto-
ries such as these and of Fleming’s acciden-
tal observation of penicillin, the
development of the Post-It Note,17 and
the identification of Viagra18 fill blogs
online and popular books about the
serendipitous discoveries that have shaped
the world.19,20

While anecdotes abound, theory and
practice have developed in parallel. In
business, the role of serendipity in entre-
preneurial success has been examined21,22;
in information and collaborative sciences,
the fortuitous discovery of resources and
links between realms of expertise have
become an increasingly hot topic23–26; in
psychology, the problems of personal
development, creativity, and insight have
tapped into serendipity as something that
plays a role among successful problem sol-
vers and resilient individuals.27–29

Recently, popular concepts such as antifra-
gility and resilience illustrate this turn
toward incorporating uncertainty and the
unexpected into strategic approaches to
everything from start-ups to libraries; this
includes scientific research and technology
development (e.g., the Crick Institute).30,31

More generally, taxonomies and frame-
works are beginning to emerge that sup-
port a rigorous epistemological
foundation for this emerging field.11,32

While many approaches have been
explored to enrich for unexpected discov-
ery, many have focused on increasing the
number of chances (‘shots on goal’), the
creation of specific focal groups wherein
‘innovation’ exists, or providing dedicated
time for experimentation (20% time).
While these efforts may enable accidental
discovery, they curiously sit outside of
the main body of research activities in
which an organization is engaged.

In the following section, we describe
the general features that occur regularly
in research contexts, but that present
ready opportunities for increasing the
‘serendipity’ of research overall. Discover-
ies made in these ways are considered rare
and serendipitous, but we suggest that this
is because these are methods not yet part
of regular practice. Once they become
common means for making new discover-
ies, the discoveries and innovations
thereby made can be expected and even
encouraged.

The promise: The realization of excess
value
The last several decades have given rise to
an increasingly complex field of regula-
tions and restrictions on research, particu-
larly in the development of medical
interventions. These increased constraints
also place restrictions on the opportunities
that would otherwise arise by chance. Sim-
ilar to the arguments from Vannevar Bush
in the 1940s,33 freedom of practice is fre-
quently correlated with the capacity of sci-
entists to make unpredicted discoveries
(and thus to bring about great innovations
and progress). However, there is little rea-
son to presume that the directed research
will produce fewer opportunities for dis-
covery than curiosity-led research. If there
is a difference, it is in the ability of the
individual to take the time and leisure to
pursue a new direction, despite being
involved in other research.34 For example,
emphasis on clinical trial transparency and
ethical design constrains a researcher’s
ability to embark on a new research pro-
gram without careful consideration, but
do not impede the opportunities pre-
sented. Rather, what is needed are proce-
dures intended to ensure that the ‘excess
value’ of the designed research is taken
up along with the expected and predicted
results and data produced.

This idea of excess value is drawn from
work by Jonathan Kimmelman on the
epistemology of translational clinical
research, to capture the value that research
into stem cell interventions might have in
terms of new knowledge about safety and
basic biology that such research pro-
duces.35 Kimmelman identified this poten-
tial new knowledge as ‘collateral value’. To
push this metaphor further, we see that
serendipitous discoveries are often gener-
ated along with this collateral value; when
observations or results are not valuable in
relation to the original research program,
but instead contribute needed knowledge
to another project or inspires the genera-
tion of a new research direction altogether.

A secondary source of excess value that
exists in normal research practice is error
reconstrued as opportunity. Dealing with
error and unexpected results is a regular
part of normal scientific practice.36 For
Thomas Kuhn, anomalies found their
way into ‘problem-solving’ in science on
a regular basis; it is only when the number
and degree of anomalous findings over-
whelm a paradigm’s capacity for explicat-
ing or coping with them that the
paradigm itself shifts. That is, the unex-
pected is expected within science.37 Error,
and dealing with potential error when
unexpected results are observed, are ways
that scientists regularly employ causal rea-
soning in their cognitive practice.38

There are a variety of organizational fac-
tors at play that seek to work against the
realization of excess value. For instance,
in high pressure environments, where the
reduction of time from discovery to distri-
bution is minimized wherever possible,
taking time to pursue outliers and errors
may not fit into routine laboratory
practice.

As will be explored below, to enrich for
the likelihood of the realization of excess
value resulting from accidental discovery,
the use of organizational support systems
and structures, layered on top of the way
in which the research is performed, is
critical.39
www.drugdiscoverytoday.com 3
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Before proceeding, it is worthwhile to
summarize some of the key points dis-
cussed above, as they have considerable
practical considerations for a modern life
science-focused research and development
(RnD) organization. Specifically:

� Nothing about how an organization is
structured necessarily prohibits the real-
ization of accidental discovery.

� Normal research practices generate out-
puts that most certainly contain unreal-
ized ‘excess value’.

� This excess value is most likely realized
not through the localization of specific
and focused ‘innovation efforts’ but
instead through work practices that
attend to the creation and support of
networks that allow researchers to
explore, in the service of long-term
stewardship.

Below, the literature describing the pat-
terns that enable the realization of excess
value are presented in more detail.
Patterns to enable accidental discovery
Two patterns emerge from the literature
that, when employed, enrich for the likeli-
hood of realizing serendipitous outcomes.
Hoarding the haystacks
The above argumentation suggests that
through the normal act of research, an
organization will generate outputs that
may have excess (collateral) value. The
easiest way to not realize this value is to dis-
card the output (discarding the proverbial
needle-containing haystack). Accordingly,
the easiest way is to simply keep every out-
put (i.e., to hoard the haystacks). Indeed,
long forgotten files kept in drawers have
a storied place in the literature of acciden-
tal discovery; the Grasberg mines in Papua
New Guinea, for instance, were (re)discov-
ered when someone found an old drawing
in an office drawer of a mountain peak
seen on a long-ago expedition.40 The
mines have been the subject of consider-
able conflict between local Papuans and
foreign investors. This raises an important
consideration, that not all discoveries are
serendipitous from all perspectives, and
ethical considerations should come along
with any new research direction, even
when generated by a seemingly positive
chance discovery.
4 www.drugdiscoverytoday.com
Of course, the difficulty with excess
(collateral) value lies in the uncertainty of
whether the output finding, data, or sub-
stance discovered has any value. Enter-
prises cannot be expected to continue
building ‘drawers’ to keep old files in, nor
are they able to easily access what is in
them once filled.

Physical file cabinets are perhaps less of
a worry for the contemporary firm as most
outputs are stored digitally. The cost of
archiving every experimental considera-
tion (input and output) is comparatively
negligible; thus, the ‘surface area’ for acci-
dental discovery has increased immeasur-
ably, the scale of the subsequent search
and scoring problem has also increased.
The proponents of supercomputer-
powered discovery have explored this very
problem, beginning with IBM and their
WATSON initiative, using high-powered
processing to make connections within a
vast hoard of data and information. Even
these ‘wise’ machines require humans to
evaluate those connections and to see
their value in terms of practicality and
worth. Thus, while this seems an issue of
excess value, it is also a problem of archival
utility.

Because of these storage and access
issues, keeping all potentially useful infor-
mation cannot be the sole key to increas-
ing serendipity within research
institutions. Nor is relying on institutional
memory or familiarity adequate, although
that is another frequently cited source of
serendipity.41

The who and the how
The active exploration of ‘excess value’
requires that both the individual and the
organization within which the individual
is working are supportive of such activities.
This second pattern describes the enable-
ment of an organizational context that
both attends to support networks that
allow researchers to take greater risks in
pursuing the potentially valuable, and pri-
oritizes flexibility and long-term benefits
over quick, guaranteed returns.

Approaches advised in the serendipity
literature to foster a sense of organizational
flexibility include the cultivation of a cul-
ture of ‘generative doubt’, so that errors
and failures are expected in progress, to
the point where institutions look for
opportunities to change themselves and
adapt (the doubt, then, is toward their
own expertise and assumptions about the
path to success).15,16 Another strategy is
enabling a circular approach to develop-
ment and hypothesis testing; the expecta-
tion of generating collateral value will
open opportunities to branch out and
reuse efforts in one area to support new
research in another. Ensuring regular and
engaged communication between diverse
teams and universal, easy access to
resources and results are other ways to cre-
ate opportunities for sharing and reevalu-
ating the potential value of unexpected
(or interesting but so far not valuable)
results.

In turn, organizational cultures must
not only cultivate generative doubt and
adaptive approaches toward their goals
but also encourage this behavior among
individual members by supporting their
potentially fruitful suggestions. For inter-
disciplinary encounters to generate
serendipity will require the collaboration
of multiple researchers who are prepared
to share and engage with the unexpected
when it is offered. Notably, the exact com-
bination of perspectives cannot be deter-
mined before the unexpected encounter
or observation occurs, and maybe not even
directly thereafter. Despite the widely
acknowledged challenge of integrating dis-
ciplinary perspectives and local knowl-
edge, cross-domain exchanges often lead
to serendipity.

More than a simple combination of dis-
ciplines is necessary for this to work. For
new ideas to arise and generate engaged
debate over how to bring them to fruition,
the members of a team must be not only
willing to take the risk of making their
unique contributions, they must be
received as equal and worthy contributors
by other group members.23 Furthermore,
time and resources are an important part
of such support. In addition to ‘flexibility’
in promoting cross-disciplinary
exchanges, it is advised that administrators
of research funding ‘should allow both a
natural, unforced pace of work and a
degree of self-direction that allows
researchers to draw on the personal
sources of inspiration’ (p. 375).34

Finally, hiring practices within firms
could acknowledge that curiosity, much
like serendipity, has a robust epistemolog-
ical foundation. Curiosity is formally
described as a motivational state that is
observed to drive information seeking
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and exploration.42–45 While some people
are, by nature, more curious than others,46

anyone’s curiosity can be triggered at any
time, and in this sense, curiosity is mal-
leable. There are validated assessments for
these traits, and attempts to enable a cul-
ture of ‘generative doubt’ might be well
served by understanding the organiza-
tional composition through this lens.47,48
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Putting in place patterns for paying
attention
The literature suggests that a way to enrich
for the likelihood of an accidental discov-
ery is to recognize previously unrealized
value that is already embedded in the out-
puts of usual research practices. This is
most readily accomplished in the context
of supportive networks, within an organi-
zation flexibly focused on the pursuit of
long-term goals.

While compelling from an abstract aca-
demic review of the literature what, practi-
cally, does this mean for the modern RnD
organization? How would one go about
putting into place those critical patterns
for paying attention?

This concern is decomposed into three
domains of consideration: organization,
function, and individual. This reflects a
multiscale view of the modern firm, with
coarse but illustrative boundaries. Specific
‘tactics’ are not described; instead, the
focus is on broad characteristics of con-
cerns to be addressed.

If work is a complex social problem, we
do not ‘solve for work’; instead, we insti-
tute strategies to cope with current contex-
tual challenges, and do so with a sense of
urgency. This does not require a ‘laundry’
TABLE 1

Broad patterns of intervention (goal, culture
function, individual).

Organization

Goal A clearly articulated goal or north sta
serves to orient actors even during ti
ambiguity or uncertainty; it is in serv
this goal that the organization exists.

Culture Organizational adoption and practice
establishment of normative behavior
grounded in, for example, generative
Execution of determined practices at
highest organizational levels in servic
goal(s).

Networks Encourage and enable cross function
network participation. Understand an
orchestrate.
list of possible interventions to be tried,
but rather, the elucidation of general pat-
terns of considerations to which attention
should be paid. As a result, Table 1 is as
informative as it is useless. It provides an
overview of three patterns under the broad
categories of ‘goal’ or setting a direction;
‘culture’ or promoting both attitudes and
practices; and ‘networks’ of support and
integration. These patterns are to be
attended to at multiple scales, and not
always in a way that is supportive or com-
plementary – this is the complex ‘mess’49

that results from an attempt to organize
actors in the service of something bigger
than any individual.
Concluding remarks
Instead of focusing on ‘engineering
serendipity’,50 the very language of which
suggests a deterministic realization of pre-
viously unrealized value, this work
describes patterns that enrich for the likeli-
hood of accidental discovery. This is an
important distinction as it frames the act
of the realization of previously unrealized
value as a function of probabilities, which
is more appropriate for describing this
process.

Within this probabilistic view, and
through a review of the emerging literature
and epistemology around accidental dis-
covery, patterns have been identified that,
when paid attention to, will increase the
likelihood of the emergence of serendipi-
tous outcomes.

As the pandemic-oriented introduction
to the current work alludes, this is a prob-
lem of almost existential importance. One
of the aims of the current contribution is
, networks) to enable ‘paying attention’ at di

Function

r that
mes of
ice of

A clearly articulated functional goal that
appropriately orients functional efforts for
the realization of organizational goal(s).

for the
,
doubt.
the
e of the

Adoption and localization of the philosoph
and practices associated with, for example
generative doubt. Execution of practices at
the functional level in service of functional
and organizational goal(s).

al
d

Active participation in cross functional acti
to highlight that it is increasingly possible
to think deeply about how our life science-
oriented organizations are structured in
the hope that excess value is realized.
Leave ‘no stone unturned’ in the search
for novel therapeutic agents. That funding
agencies themselves are recognizing this51

is a crucial step and will further support
and encourage the realization of ‘excess
value’ from publicly funded research.52

A consequence of the nature of for-
profit life science exploration is the ‘selec-
tive reveal’, in that it may not be in an
organization’s interest to fully share inter-
nal processes and learning. This is dis-
cussed in the context of open innovation
in the following references53,54 and natu-
rally hampers our ability to fully describe
and explore the realization of excess value
as a community. It is likely that elements
of the patterns described above might
already be used. For example, the Design–
Make–Test–Analyze approach is often dis-
cussed in the context of the deployment
of artificial intelligence in drug discovery55

and is a circular approach to development
and hypothesis testing. We caution that
this is routinely deployed as a ‘workflow’

and may need modification (i.e., project
team intervention) to enable the realiza-
tion of ‘excess value’. Accordingly, frame-
works for discussing and describing the
role of humans as partners to machines is
emerging and will serve as a boon to the
field.56

These are important considerations for
the modern RnD organization. There is
nothing about a firm’s current structure
that would prohibit the realization of acci-
dental discovery. Planning for the
fferent organizational levels (organization,

Individual

An understanding, firmly held at the
individual level, regarding how the
individual contribution connects to the
functional and organizational goals.

y
,

Practice at the individual level of generative
doubt as a part of individual contribution to
traditional research practice.

vities.

www.drugdiscoverytoday.com 5
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unplanned requires organizations to move
beyond marshaling organizational
resources towards discrete action, and to
instead think about outcome measure-
ment and observation, capacity mainte-
nance, and potentiality enablement.
Accordingly, there exists the possibility of
significant ‘unrealized’ excess value that
could be realized were it simply ‘paid
attention to’.

Declarations of interest
No interests are declared.

Data availability
No data was used for the research

described in the article.

Acknowledgments
D.C.T. would like to thank one of the

anonymous reviewers of an earlier work
(10.1016/j.drudis.2020.09.020), who
encouraged the elaboration of some initial
thinking regarding serendipity in the life
sciences.

References
1. Katella K. Our pandemic year—A COVID-19 timeline.

Accessed September 28, 2022. https://www.
yalemedicine.org/news/covid-timeline.

2. Hiscott J et al. The global impact of the
coronavirus pandemic. Cytokine Growth Factor
Rev. 2020;53:1–9. https://doi.org/10.1016/
j.cytogfr.2020.05.010.

3. Ayouni I. Effective public health measures to
mitigate the spread of COVID-19: a systematic
review. Published online 2021:14. https://
bmcpublichealth.biomedcentral.com/articles/10.
1186/s12889-021-11111-1.

4. Scientists’ pandemic response could be even faster
next time. Scientists’ pandemic response could be
even faster next time. Accessed September 28, 2022.
https://www.economist.com/leaders/2021/08/
05/scientists-pandemic-response-could-be-even-
faster-next-time.

5. Murray J. Oxford Covid vaccine hit 90% success rate
thanks to dosing error. Accessed September 28,
2022. https://www.theguardian.com/uk-news/2020/
nov/23/oxford-covid-vaccine-hit-90-success-rate-
thanks-to-dosing-error.

6. Baumeister AA, Hawkins MF, López-Muñoz F.
Toward standardized usage of the word
serendipity in the historiography of
psychopharmacology. J Hist Neurosci.
2010;19:253–270. https://doi.org/10.1080/
09647040903188205.

7. Ban TA. The role of serendipity in drug discovery.
Dialogues Clin Neurosci. 2006;8:335–344. https://doi.
org/10.31887/DCNS.2006.8.3/tban.

8. Dong G, Ding Y, He S, Sheng C. Molecular glues for
targeted protein degradation: from serendipity
to rational discovery. J Med Chem.
2021;64:10606–10620. https://doi.org/10.1021/acs.
jmedchem.1c00895.

9. Broadhurst AD. The discovery of imipramine
from a personal viewpoint. The History of
Psychopharmacology and the CINO, As Told in
Autobiograph. 1998;Vol 1.:69–75.
6 www.drugdiscoverytoday.com
10. Rocca E, Copeland S, Ralph EI. Pharmacovigilance
as scientific discovery: an argument for trans-
disciplinarity. Drug Saf. 2019;42:1115–1124. https://
doi.org/10.1007/s40264-019-00826-1.

11. Copeland S. On serendipity in science: discovery
at the intersection of chance and wisdom.
Synthese. 2019;196:2385–2406. https://doi.org/
10.1007/s11229-017-1544-3.

12. Eoyang GH. Complexity and the dynamics of
organizational changeThe SAGE Handbook of
Complexity and Management Sage. Thousand
Oaks; 2011:317–332.

13. Macey WH, Schneider B. The meaning of
employee engagement. Ind Organ Psychol.
2008;1:3–30.

14. Stokes DE. Pasteur’s Quadrant – Basic Science
and Technological Innovation. Brookings
Institution Press; 1997.

15. Pina e Cunha M, Clegg SR, Mendonça S. On
serendipity and organizing. Eur Manag J.
2010;28:319–330. https://doi.org/10.1016/j.
emj.2010.07.001.

16. Pina e Cunha M, Berti M. Serendipity in
organizational and management studies.
Serendipity Science. Springer; 2023.

17. Katz R. The Human Side of Managing Technological
Innovation: A Collection of Readings, Edited by
Ralph Katz, Second Edition, Oxford University Press
(2003). Chapter 35, Nayak PR, Ketteringham J. 3M’s
post-it notes: a managed or accidental innovation?
Pages 425–435.

18. Marletta MA. Serendipity in discovery: from nitric
oxide to viagra. https://www.jstor.org/stable/
45211555.

19. Myers M. Happy Accidents: Serendipity in Modern
Medical Breakthroughs - When Scientists Find What
They Are Not Looking For. 2007, Arcade Publishing,
New York.

20. Roberts RM. Serendipity: Accidental Discoveries in
Science. John Wiley & Sons, Inc.; 1989.

21. Busch C, Barkema H. Planned luck: how
incubators can facilitate serendipity for
nascent entrepreneurs through fostering
network embeddedness. Entrep Theory Pract.
2022;46:884–919. https://doi.org/10.1177/
1042258720915798.

22. Dew N. Serendipity in entrepreneurship. Organ
Stud. 2009;30:735–753. https://doi.org/10.1177/
0170840609104815.

23. Copeland S. Metis and the art of serendipity. In:
Ross W, Copeland S, eds. the Art of
Serendipity. Springer International Publishing;
2022:41–73. https://doi.org/10.1007/978-3-030-
84478-3_3.

24. Frydenberg S, Eikenes JO, Nordby K. Serendipity in
the field. Facilitating serendipity in design-
driven field studies on ship bridges. Des J.
2019;22:1899–1912. https://doi.org/10.1080/
14606925.2019.1594948.

25. Holford WD. Managing Knowledge in Organizations:
A Critical Pragmatic Perspective. Springer
International Publishing; 2020. https://doi.org/
10.1007/978-3-030-41156-5.

26. Townsend R, Mikkonen J. Serendipity as a catalyst.
Knowledge generation in interdisciplinary
research. Des J. 2019;22:1853–1869. https://doi.org/
10.1080/14606925.2019.1595038.

27. Napolitano CM. More than just a simple twist of
fate: serendipitous relations in developmental
science. Hum Dev. 2013;56:291–318. https://doi.org/
10.1159/000355022.

28. Ross W. Heteroscalar serendipity and the
importance of accidents. In: Ross W, Copeland S,
eds. The Art of Serendipity. Springer International
Publishing; 2022:75–99. https://doi.org/10.1007/978-
3-030-84478-3_4.
29. Simonton DK. Serendipity and creativity in the
arts and sciences: a combinatorial analysis. In:
Ross W, Copeland S, eds. The Art of
Serendipity. Springer International Publishing;
2022:293–320. https://doi.org/10.1007/978-3-030-
84478-3_12.

30. Matthews D. The Francis Crick Institute: science and
serendipity. Published November 26, 2015. Accessed
January 20, 2023. https://
www.timeshighereducation.com/features/the-
francis-crick-institute-science-and-serendipity.

31. Stinson L. Cornell Wants People to “Collide” on Its New
NYC Tech Campus. Published July 1, 2015. https://
www.wired.com/2015/07/cornell-wants-people-
collide-new-nyc-tech-campus/.

32. Serendipity YO. Towards a taxonomy and a
theory. Res Policy. 2018;47:169–179. https://doi.org/
10.1016/j.respol.2017.10.007.

33. Bush V. Science The Endless Frontier – A Report to
the President by Vannevar Bush. Director of the
Office of Scientific Research and Development; 1945.
Published online, https://www.nsf.gov/about/
history/vbush1945.htm.

34. Holton G, Chang H, Jurkowitz E. How a scientific
discovery is made: a case history. Am Sci.
1996;84:364–375.

35. Kimmelman J. Gene Transfer and the Ethics of First-in-
Human Research: Lost in Translation. 1st
ed. Cambridge University Press; 2009. https://doi.
org/10.1017/CBO9780511642364.

36. Dunbar KN, Fugelsang JA. Causal thinking in
science: how scientists and students interpret
the unexpected. In: Gorman ME, Tweney RD,
Gooding DC, Kincannon AP, eds. Scientific and
Technological Thinking. Lawrence Erlbaum
Associates Publishers; 2005:57–79.

37. Kuhn TS. The Structure of Scientific
Revolutions. University of Chicago Press; 1962.

38. Dunbar K. How scientists think in the real world.
J Appl Dev Psychol. 2000;21:49–58. https://doi.org/
10.1016/S0193-3973(99)00050-7.

39. Garud R, Gehman J, Kumaraswamy A. Complexity
arrangements for sustained innovation: lessons
from 3M corporation. Organ studies.
2011;32:737–767. https://doi.org/10.1177/
0170840611410810.

40. Grasberg Mine. Accessed January 20, 2023. https://
en.wikipedia.org/wiki/Grasberg_mine.

41. Sima RJ. State-of-the-Art Technology, Serendipity,
and Secrets of Stonehenge. Published September 8,
2021. Accessed January 20, 2023. https://eos.org/
articles/state-of-the-art-technology-serendipity-and-
secrets-of-stonehenge.

42. Berlyne DE. Conflict, Arousal, and
Curiosity. McGraw-Hill Book Company; 1960.
https://doi.org/10.1037/11164-000.

43. Kashdan TB, Silvia PJ. Curiosity and interest: the
benefits of thriving on novelty and challenge.
In: Lopez SJ, Snyder CR, eds. The Oxford Handbook
of Positive Psychology. Oxford University Press;
2009:366–374. https://doi.org/10.1093/oxfordhb/
9780195187243.013.0034.

44. Litman J, Hutchins T, Russon R. Epistemic curiosity,
feeling-of-knowing, and exploratory behaviour.
Cogn Emot. 2005;19:559–582. https://doi.org/
10.1080/02699930441000427.

45. Loewenstein G. The psychology of curiosity: a
review and reinterpretation. Psychol Bullet.
1994;116:75–98. https://doi.org/10.1037/0033-
2909.116.1.75.

46. Silvia PJ. Appraisal components and emotion
traits: examining the appraisal basis of trait
curiosity. Cogn Emot. 2008;22:94–113. https://doi.
org/10.1080/02699930701298481.

47. Guenoun BS et al. Curiosity in organizations.
Proceedings. 2022;2022:17953. https://doi.org/
10.5465/AMBPP.2022.17953symposium.

https://www.yalemedicine.org/news/covid-timeline
https://www.yalemedicine.org/news/covid-timeline
https://doi.org/10.1016/j.cytogfr.2020.05.010
https://doi.org/10.1016/j.cytogfr.2020.05.010
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11111-1
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11111-1
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11111-1
https://www.economist.com/leaders/2021/08/05/scientists-pandemic-response-could-be-even-faster-next-time
https://www.economist.com/leaders/2021/08/05/scientists-pandemic-response-could-be-even-faster-next-time
https://www.economist.com/leaders/2021/08/05/scientists-pandemic-response-could-be-even-faster-next-time
https://www.theguardian.com/uk-news/2020/nov/23/oxford-covid-vaccine-hit-90-success-rate-thanks-to-dosing-error
https://www.theguardian.com/uk-news/2020/nov/23/oxford-covid-vaccine-hit-90-success-rate-thanks-to-dosing-error
https://www.theguardian.com/uk-news/2020/nov/23/oxford-covid-vaccine-hit-90-success-rate-thanks-to-dosing-error
https://doi.org/10.1080/09647040903188205
https://doi.org/10.1080/09647040903188205
https://doi.org/10.31887/DCNS.2006.8.3/tban
https://doi.org/10.31887/DCNS.2006.8.3/tban
https://doi.org/10.1021/acs.jmedchem.1c00895
https://doi.org/10.1021/acs.jmedchem.1c00895
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0045
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0045
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0045
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0045
https://doi.org/10.1007/s40264-019-00826-1
https://doi.org/10.1007/s40264-019-00826-1
https://doi.org/10.1007/s11229-017-1544-3
https://doi.org/10.1007/s11229-017-1544-3
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0060
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0060
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0060
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0060
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0065
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0065
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0065
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0070
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0070
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0070
https://doi.org/10.1016/j.emj.2010.07.001
https://doi.org/10.1016/j.emj.2010.07.001
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0080
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0080
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0080
https://www.jstor.org/stable/45211555
https://www.jstor.org/stable/45211555
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0100
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0100
https://doi.org/10.1177/1042258720915798
https://doi.org/10.1177/1042258720915798
https://doi.org/10.1177/0170840609104815
https://doi.org/10.1177/0170840609104815
https://doi.org/10.1007/978-3-030-84478-3_3
https://doi.org/10.1007/978-3-030-84478-3_3
https://doi.org/10.1080/14606925.2019.1594948
https://doi.org/10.1080/14606925.2019.1594948
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0125
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0125
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0125
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0125
https://doi.org/10.1080/14606925.2019.1595038
https://doi.org/10.1080/14606925.2019.1595038
https://doi.org/10.1159/000355022
https://doi.org/10.1159/000355022
https://doi.org/10.1007/978-3-030-84478-3_4
https://doi.org/10.1007/978-3-030-84478-3_4
https://doi.org/10.1007/978-3-030-84478-3_12
https://doi.org/10.1007/978-3-030-84478-3_12
https://www.timeshighereducation.com/features/the-francis-crick-institute-science-and-serendipity
https://www.timeshighereducation.com/features/the-francis-crick-institute-science-and-serendipity
https://www.timeshighereducation.com/features/the-francis-crick-institute-science-and-serendipity
https://www.wired.com/2015/07/cornell-wants-people-collide-new-nyc-tech-campus/
https://www.wired.com/2015/07/cornell-wants-people-collide-new-nyc-tech-campus/
https://www.wired.com/2015/07/cornell-wants-people-collide-new-nyc-tech-campus/
https://doi.org/10.1016/j.respol.2017.10.007
https://doi.org/10.1016/j.respol.2017.10.007
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0165
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0165
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0165
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0165
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0165
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0170
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0170
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0170
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0175
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0175
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0175
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0175
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0180
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0180
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0180
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0180
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0180
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0180
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0185
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0185
https://doi.org/10.1016/S0193-3973(99)00050-7
https://doi.org/10.1016/S0193-3973(99)00050-7
https://doi.org/10.1177/0170840611410810
https://doi.org/10.1177/0170840611410810
https://en.wikipedia.org/wiki/Grasberg_mine
https://en.wikipedia.org/wiki/Grasberg_mine
https://eos.org/articles/state-of-the-art-technology-serendipity-and-secrets-of-stonehenge
https://eos.org/articles/state-of-the-art-technology-serendipity-and-secrets-of-stonehenge
https://eos.org/articles/state-of-the-art-technology-serendipity-and-secrets-of-stonehenge
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0210
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0210
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0210
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0215
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0215
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0215
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0215
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0215
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0215
https://doi.org/10.1080/02699930441000427
https://doi.org/10.1080/02699930441000427
https://doi.org/10.1037/0033-2909.116.1.75
https://doi.org/10.1037/0033-2909.116.1.75
https://doi.org/10.1080/02699930701298481
https://doi.org/10.1080/02699930701298481
https://doi.org/10.5465/AMBPP.2022.17953symposium
https://doi.org/10.5465/AMBPP.2022.17953symposium


Drug Discovery Today d Volume 28, Number 8 d August 2023 FEATURE
48. Thompson D, Taylor W, Gladstone EC, Rubineau B,
Hagtvedt L, Harrison S. A basket of social science, a
bushel of social good 547177 Bytes. figshare. 2017.
https://doi.org/10.6084/M9.FIGSHARE.5147686.V1.

49. Ackoff RL. The art and science of mess
management. Interfaces. 1981;11:20–26.

50. Lane JN, Ganguli I, Gaule P, Guinan E, Lakhani KR.
Engineering serendipity: when does knowledge
sharing lead to knowledge production? Strat
Mgmt J. 2021;42:1215–1244. https://doi.org/10.1002/
smj.3256.

51. The serendipity test. Nature. 2018;554. 10.1038/
d41586-018-01405-7. Accessed December 12, 2019.

52. Aslan Y, Yaqub O, Rotolo D, Sampat BN. Cross-
category spillovers in medical research. SocArXiv.
2023. https://doi.org/10.31235/osf.io/hpmxd.
53. Henkel J. Selective revealing in open innovation
processes: the case of embedded Linux. Res
Policy. 2006;35:953–969. https://doi.org/10.1016/j.
respol.2006.04.010.

54. Thompson DC, Bentzien J. Crowdsourcing and
open innovation in drug discovery: recent
contributions and future directions. Drug Discov
Today. 2020;25:2284–2293. https://doi.org/10.1016/
j.drudis.2020.09.020.

55. Schneider P et al. Rethinking drug design in the
artificial intelligence era. Nat Rev Drug Discov.
2020;19:353–364. https://doi.org/10.1038/s41573-
019-0050-3.

56. Goldman B, Kearnes S, Kramer T, Riley P, Walters WP.
Defining levels of automated chemical design. J
Med Chem. 2022;65:7073–7087. https://doi.org/
10.1021/acs.jmedchem.2c00334.

David C. Thompson 1,⇑, Samantha M.
Copeland 2

1 Chemical Computing Group, Montreal, Quebec
H3A 2R7, Canada
2 Technology, Policy, and Management, Delft
University of Technology, Jaffalaan 5, 2628 BX
Delft, The Netherlands

⇑ Corresponding author.
FE
A
TU

R
E

FE
A
TU

R
E

FE
A
TU

R
E

www.drugdiscoverytoday.com 7

https://doi.org/10.6084/M9.FIGSHARE.5147686.V1
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0245
http://refhub.elsevier.com/S1359-6446(23)00164-2/h0245
https://doi.org/10.1002/smj.3256
https://doi.org/10.1002/smj.3256
https://doi.org/10.31235/osf.io/hpmxd
https://doi.org/10.1016/j.respol.2006.04.010
https://doi.org/10.1016/j.respol.2006.04.010
https://doi.org/10.1016/j.drudis.2020.09.020
https://doi.org/10.1016/j.drudis.2020.09.020
https://doi.org/10.1038/s41573-019-0050-3
https://doi.org/10.1038/s41573-019-0050-3
https://doi.org/10.1021/acs.jmedchem.2c00334
https://doi.org/10.1021/acs.jmedchem.2c00334

	atl0
	Introduction
	The role of research
	Accidental discovery
	The promise: The realization of excess value
	Patterns to enable accidental discovery
	Hoarding the haystacks
	The who and the how

	Putting in place patterns for paying attention
	Concluding remarks
	Declarations of interest
	Acknowledgments
	References


