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ABSTRACT
Crowdsourcing shifts medical research from a closed environment to an open
collaboration between the public and researchers. We define crowdsourcing as an
approach to problem solving which involves an organization having a large group
attempt to solve a problem or part of a problem, then sharing solutions.
Crowdsourcing allows large groups of individuals to participate in medical research
through innovation challenges, hackathons, and related activities. The purpose of this
literature review is to examine the definition, concepts, and applications of
crowdsourcing in medicine. This multi-disciplinary review defines crowdsourcing for
medicine, identifies conceptual antecedents (collective intelligence and open source
models), and explores implications of the approach. Several critiques of
crowdsourcing are also examined. Although several crowdsourcing definitions
exist, there are two essential elements: (1) having a large group of individuals,
including those with skills and those without skills, propose potential solutions;
(2) sharing solutions through implementation or open access materials. The public
can be a central force in contributing to formative, pre-clinical, and clinical research.
A growing evidence base suggests that crowdsourcing in medicine can result in
high-quality outcomes, broad community engagement, and more open science.

Subjects Global Health, Health Policy, Internal Medicine, Legal Issues, Science and
Medical Education
Keywords Crowdsourcing, Theory, Literature review, Collective intelligence, Open source model

INTRODUCTION
Crowdsourcing is an approach to problem solving that has gained momentum in the past
decade (Han et al., 2018; Pan et al., 2017). Crowdsourcing involves an organization
having a large group attempt to solve a problem or a component of a problem,
then sharing solutions (Van Ess, 2010). This concept has facilitated ways for the public to
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engage in medical research, including innovation challenges (also called prize
competitions, prize contests, or open contests), hackathons, online systems for collaboration,
and other activities (Table 1) (Brabham et al., 2014; Pan et al., 2017; Ranard et al., 2014).
We define medicine as the science and practice of preventing, diagnosing, and
treating human disease (Oxford English Dictionary, 2019). Crowdsourcing is related to
open innovation, diverging from conventional closed innovation medical research in
several ways (Table 2) (Chesbrough, 2003).

Systematic reviews (Crequit et al., 2018; Ranard et al., 2014) and a World Health
Organization practical guide on crowdsourcing (Han et al., 2018) demonstrate a growing
evidence base supporting crowdsourcing in medicine. Some crowdsourcing projects have
asked groups to develop health communication materials (e.g., images, videos) to
promote HIV, hepatitis, and STI testing (Tang et al., 2018; Zhang et al., 2015, 2017b).
Others have used crowdsourcing to accelerate antibiotic and other drug development
(Desselle et al., 2017; Grammer et al., 2016; Shaw, 2017; Tufféry, 2015). However,
this literature has not examined broader concepts and applications related to
crowdsourcing in medicine.

The diversity of crowdsourcing approaches complicates attempts to achieve a single
overarching conceptual framework (Ringh et al., 2015; Tang et al., 2016a). Some have
suggested that crowdsourcing lacks a strong conceptual foundation (Geiger, Rosemann &
Fielt, 2011). Others argue that the relatively brief history of crowdsourcing makes it
premature to consider conceptual or theoretical elements (Geiger, Rosemann & Fielt,
2011). However, the conceptual basis of crowdsourcing reaches well beyond the first use

Table 1 Crowdsourcing activities used to improve medical research: structure and function.

Crowdsourcing activity Structure Function

Innovation challenges Open solicitation and promotion to the public for
challenge submissions; evaluation, celebration, and
sharing of challenge submissions

Generate innovative ideas, logos, images, or videos
(e.g., images to increase HIV testing, strategies to
promote hepatitis testing); accelerate
pharmaceutical drug development

Hackathons Short (often 3 days) event that brings together individuals
around a common cause

Design a clinical algorithm, prevention service (e.g.,
design an HIV testing service), or new technology

Online collaboration systems Websites or portals that allow individuals to solve a
problem

Solve micro-tasks for a small amount of money (e.g.,
evaluation of surgical skills)

Note:
Crowdsourcing activities in medical research include innovation challenges, hackathons, and online collaboration systems.

Table 2 Comparison of conventional medical research and crowdsourced approaches.

Conventional medical research (closed innovation) Crowdsourced approach (open innovation)

Medical research questions Those with medical research skills know best how to
frame questions

A diverse group of individuals together know best
how to frame questions

Methods for innovation Internal teams led by experts, with little input from
outside

Collaborative co-creation with non-experts and the
public engaged

Intellectual property Focus on controlling IP so that competitors will not
benefit

Use others’ IP when it advances the research

Note:
Most medical research uses a framework of closed innovation (middle column). Crowdsourcing proposes an open innovation approach (right column).
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of the term. This history alongside more recent data on collective intelligence and
open-source models pave the way for a better understanding of crowdsourcing concepts
and applications.

Review methodology
This literature review examined the peer-reviewed and gray literature on crowdsourcing
approaches related to medicine. We searched PubMed, Google Scholar, ResearchGate,
and Academia.edu to identify potential studies for inclusion on February 25th, 2019.
We focused on manuscripts that defined conceptual issues and applications of
crowdsourcing for medical research. We excluded studies that were not in English.
This manuscript defines crowdsourcing for medicine, identifies conceptual antecedents,
considers relationships with other approaches, and examines common critiques.

Crowdsourcing: a definition
There have been many definitions of crowdsourcing since Jeff Howe coined the term in
2005 (Brabham, 2008; Howe, 2006; Ranard et al., 2014; Tang et al., 2018; Wazny, 2017).
The term is a portmanteau composed of “crowd” and “outsourcing.” The original
definition was applied to describe companies outsourcing tasks to a group of individuals
who worked collectively or individually. Howe himself realized that this initial definition
was overly narrow and later expanded it to include the application of open-source
principles to fields outside of software. However, this definition and many of the existing
ones (Brabham, 2008; Ranard et al., 2014) do not include the subsequent obligation
to share solutions. Van Ess (2010) suggested that crowdsourcing involves those with skills
and those without skills attempting to solve a problem, then freely sharing some solutions
with the public. We have included the sharing component for the following reasons:
crowdsourcing activities draw on the strength of many laypeople who will not receive
incentive prizes (e.g., gifts, money, mentorship, or other benefits); there are ethical
problems with leveraging group insights (either individually or collectively) and not giving
back to the group (Tucker et al., 2018); not sharing would likely diminish enthusiasm
for sustained engagement from those who contribute to challenges; sharing may be more
likely to advance medical knowledge. Many individuals who participate in crowdsourcing
activities report altruistic motivations, hoping to help their community or the public
at large (DREAM Challenges, 2019; Mathews et al., 2018; Zhang et al., 2017b). Including a
sharing component fulfills this obligation to give back to the public.

First, an organization has a group (including those with skills and those without skills)
attempt to solve a problem. The group could be working independently or collaborating
as a team. The rationale for sourcing solutions from a group rather than select
individuals includes the following: (1) the potential for groups to have relevant knowledge
and experiences in a related field; (2) the importance of public participation and
community consultation in health services; (3) the potential for local end-users, patients,
and others to be more actively engaged in the process of developing new ideas; (4) the
inclusion of people from the community to assist in designing interventions that would be
feasible and relevant in the local community. The group participation component of
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crowdsourcing has been used by states, international organizations, and non-profits for
centuries. For example, in 1714, the British government wanted to find an accurate method
to measure a ship’s longitudinal position. They offered a cash prize to whomever
developed a solution that met pre-specified benchmarks. This spurred many groups to
focus on enhanced methods for measuring longitude, resulting in important advances
in this field (McKinsey, 2009).

The second key component of crowdsourcing involves sharing solutions. This could be
accomplished through implementing the solution in a local community (Tang et al.,
2018) or creating open access materials for public use (Wu et al., 2018). For example,
the rights to an exceptional crowdsourced image could be made widely available through
creative commons attribution. Crowdsourcing approaches may generate a range of
materials and products that can be shared in both digital and in-person formats.
Some examples of ways that crowdsourced materials have been shared include: providing
crowdsourced images, concepts, and logos to the public through an open access website;
(Wu et al., 2018) widely distributing images through social media; (Zhang et al., 2015)
evaluating the effectiveness of the crowdsourced output through a trial; (Tang et al., 2016a,
2016c, 2018) holding a series of in-person workshops to communicate crowdsourced
findings with key stakeholders (Zhang et al., 2017a).

These two crowdsourcing components—group participation and sharing solutions—are
each indebted to earlier multidisciplinary concepts on collective intelligence and open
source models, respectively. The next two section explores these related concepts as they
inform crowdsourcing.

Collective intelligence
Collective intelligence suggests that in certain settings, a group is better able to solve
difficult problems than an individual working alone. The concept is not a universal
statement about groups being wiser than individuals, but rather that there are certain
contexts wherein this is true. The collective intelligence concept has a history in political
science, philosophy, social science, and biology. Perhaps the earliest mention of this
concept was in 1785 when Marquis de Condorcet published a theorem about the relative
probability of a given group of individuals arriving at a correct decision (De Condorcet,
1785). The theorem examines the optimal number of voters when engaging in a group
decision. The number is greater when there is a higher probability of each voter making a
correct decision; the number is small when there is a lower probably of each voter
making a correct decision. This provides a theoretical basis for democracy and has been
widely used in political science (Austen-Smith & Banks, 1996; Ladha, 1992). Within a
health context, Condorcet’s theorem has been used in clinical diagnostic imaging (Gottlieb &
Hussain, 2015) and reviewing organ transplant eligibility (Koch & Ridgley, 2000).

Philosophers and others have contributed to the development of a collective intelligence
concept. The French philosopher Lévy (1997) defined collective intelligence as “a form
of universally distributed intelligence, constantly enhanced, coordinated in real time,
and resulting in effective mobilization of skills.” Social reformers have also used collective
intelligence as a key guiding principle.Wells (1938) described a “World Brain” concept that
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would help citizens to share information as a group, benefiting from local knowledge and
experience within a common platform. He envisioned the platform as a non-commercial
resource that would span political boundaries and help expand knowledge (Wells,
1938). The crowdsourced encyclopedia, Wikipedia, echoes some of the structures and
functions of Wells’ original world brain concept.

Empirical evidence from humans suggests that in some contexts, a convergent collective
intelligence factor explains a group’s performance on several tasks (Woolley et al.,
2010). Further empirical evidence supporting collective intelligence is summarized in
Surowiecki’s (2004) The Wisdom of Crowds. He argues that four elements are necessary for
collective intelligence—diversity of opinion, independence of individual ideas,
decentralization of ideas, and a way to aggregate individual ideas. Surowiecki shows how
collective intelligence has been used in many different contexts, ranging from prediction
markets to the Delphi method. The Delphi method has a group of individuals
iteratively answer questions and converge on a single answer. The method has been widely
used to achieve group consensus in health guidelines (Diamond et al., 2014).

Collective intelligence approaches have been evaluated in several medical settings.
Research among medical students suggests that groups of medical students have increased
diagnostic performance compared to individual medical students (Hautz et al., 2015;
Kämmer et al., 2017). Similar approaches have been evaluated in the context of physician
diagnosis of skin cancer (Kurvers et al., 2016) and breast cancer (Wolf et al., 2015).

Open source model
Open source models can inform the second important component of crowdsourcing—
sharing solutions. Open source refers to a decentralized structure that facilitates
collaboration and online sharing. Open source models were developed in the 1960s and
1970s as a way to collaboratively develop software and share code (Von Hippel & Von
Krogh, 2003). In 1969, the United States Advanced Research Project Agency created
the first large, high-speed computer network. This extended opportunities for sharing code
among broader online groups. For example, the Linux operating system is one of the first
open source operating systems, shared online and available for free to anyone. Linus
Torvalds developed the source code for this operating system by sending it to other
internet users who helped improve it on a volunteer basis. The collective development of
open source products, such as Linux, demonstrate how large, diverse groups working
together can iteratively enhance a product that is openly available, to the benefit of all.

This trend also led to the development of Creative Commons, a non-profit organization
that allows individuals to legally change and share creative works. The organization has a
series of copyright licenses that clarify the terms of sharing. There are currently
approximately 1.4 billion works that have been licensed through Creative Commons.

Open source models have increasingly appeared in medicine. For example, several drug
development projects have used open source models (Bombelles & Coaker, 2015;
Munos, 2006, 2010; So et al., 2011). A project called open source pharma focuses on
developing drugs through open source methods. Thousands of volunteers from over
100 countries have helped with micro-tasks to develop more effective drugs for
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tuberculosis, schistosomiasis, and other infectious diseases (Bhardwaj et al., 2011).
The open source platform has resulted in high-quality research, including advances related
to the development of schistosomiasis drugs (Årdal & Røttingen, 2012). Other open
source models for drug discovery have been developed for Huntington’s disease (Wilhelm,
2017), malaria (Årdal & Røttingen, 2015), eumycetoma (Lim et al., 2018), and other
diseases (Bagla, 2012).

Open source models have also been used within genomics. A Shiga-toxin producing
E. coli outbreak occurred in Germany in 2011, infecting 3,000 individuals. Scientists used
an open source model to organize the analysis of a genome sequence from a single
individual. The collaborative effort brought together volunteers from around the world,
creating the genome sequence within 2 weeks of receiving the DNA samples (Rohde et al.,
2011). In addition, the DREAMS Challenge team has organized many open source
innovation challenges (Saez-Rodriguez et al., 2016). These typically involve volunteers
collaboratively working together to solve a problem related to big data and genomics.
Several evaluations of this approach have found it to be effective in developing prognostic
models based on clinical data (Allen et al., 2016; Guinney et al., 2017; Noren et al., 2016).
Both collective intelligence and open source models reveal some of the theoretical
antecedents of crowdsourcing.

Relationship to other research approaches
Crowdsourcing as an approach is distinct from, but related to community-based
participatory research, participatory action research, and community-driven research.
Each of these different approaches has a conceptual framework, methods, and
assumptions. At the same time, each of these three approaches can be used to inform
medical research.

Community-based participatory research actively engages the community in all stages
of the research process, contributing to shared decision making and community ownership
(Minkler & Wallerstein, 2003). The community plays a central force in setting the
agenda, implementing the study, and evaluating the results, such that local community
members and researchers iteratively collaborate to improve the health of the community.
Similarities between community-based participatory research and crowdsourcing
include the following: a focus on listening to and partnering with local communities;
a potential to increase healthy equity; an acknowledgement that communities can be a
powerful source of new ideas. These areas of convergence suggest that community-based
participatory research could be a useful complement to crowdsourcing. For example,
community-based participatory research was used to increase community engagement in
an HIV cure research project (Mathews et al., 2018).

Other related approaches include participatory action research and youth participatory
action research. Participatory action research focuses on partnering with communities
to participate in research and achieve social change (Bradbury, 2015). Youth participatory
action research provides youth with opportunities to learn about social problems that
affect their lives and then propose actions to address these problems (Cammarota & Fine,
2008; Kirshner, 2010; Ozer et al., 2016). The participatory action approach considers youth
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as potential experts and co-creators of knowledge (Ozer, 2016). Shared elements
of crowdsourcing and participatory research approaches include the emphasis on
participation, local community partnerships, and empowerment of the public.
Participatory action research has been used to complement crowdsourcing projects related
to environmental health (English, Richardson & Garzón-Galvis, 2018) and to design
crowdsourcing approaches for HIV self-testing (ITEST, 2018).

Finally, community-driven research is another approach related to crowdsourcing.
Community-driven research has community members and researchers collaboratively
design, implement, analyze, interpret, and disseminate research findings (Orionzi
et al., 2016). Community-driven research starts with an assessment of local priorities
from the perspective of the community. Both community-driven research and
crowdsourcing focus on community-led research, developing ideas and programs from the
bottom-up for the community (McElfish et al., 2015). All three of these approaches
have been used in health research. We now turn to examine crowdsourcing specifically in
the context of health.

Critiques of crowdsourcing
There are three main critiques of crowdsourcing that merit consideration—the madness
of groups concept, the problem of low-quality submissions, and cognitive fixation on
examples. We will examine each of these critiques generally and then in the context of
crowdsourcing as it applies to medicine.

First, the madness of groups refers to the potential for groups to create and disseminate
popular delusions, contributing to panic and moral outrage (Mackay, 1852). The 19th
century journalist Charles Mackay remarked, “Men, it has been said, think in herds; it will
be seen that they go mad in herds, while they only recover their senses slowly, and
one by one.” Psychologists have examined how individual behaviors contribute to and
diverge from the collective behavior of the groups. Group behavior may be associated with
a loss of responsibility. This is illustrated in the case of Boaty McBoatface, a boat
name chosen from a public online poll in the United Kingdom. This name was the
most popular in the #NameOurShip poll, but ultimately not used to name the ship
(Ellis-Petersen, 2016). One example of mad crowds in the context of medicine is low
vaccine uptake. Several negative social media reports that spread through online networks
have influenced vaccine uptake and disease outbreaks (Larson et al., 2013).

However, crowdsourcing as an approach does not suggest that all groups are wise at
all times, but rather that there are specific conditions that can allow for wise groups.
In addition, several individuals have made rebuttals and clarified the concept of a mad
group. McPhail (1991) has shown how mad groups are primarily the result of individuals,
rather than a group disposition. Empirical data on whether group behavior results in
a loss of responsibility has been mixed (Manstead & Hewstone, 1995). Within the context
of medicine, online platforms have propagated myths and misunderstandings about
disease (Lavorgna et al., 2017; Powell et al., 2016). Submissions to innovation challenges
may include myths (Mathews et al., 2018), but judging typically finds these submissions
of lower quality. Other ways to limit the risk of mad crowds is to have multi-phase
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challenges with vetting (Fitzpatrick et al., 2018) or online moderation of submission
platforms (Rice et al., 2016).

Second, crowdsourcing projects are sometimes associated with many low-quality
outputs. A systematic review of crowdsourcing suggests that only a subset of outputs are
excellent (Pan et al., 2017). Having those without formal training contribute to a
more complex medical project will result in a wide range of outputs, especially when mass
engagement translates into hundreds of submissions. However, the ability to prompt a
large number of submissions is an advantage of crowdsourcing and suggests that a
wider group of individuals is actively participating. Several techniques for judging have
been developed to assess large numbers of crowdsourcing contributions (Han et al., 2018),
including group judging (having a group of individuals evaluate) (Tang et al., 2018),
panel judging (having a diverse group of individuals evaluate) (Zhang et al., 2015), and
artificial intelligence (Albarqouni et al., 2016; Mudie et al., 2017). Several systematic
reviews of crowdsourcing in medicine suggest that crowdsourcing allows a broad range
of quality, including both low and high-quality submissions (Crequit et al., 2018;
Dai, Lendvay & Sorensen, 2017; Ranard et al., 2014).

Finally, the problem of cognitive fixation on prior ideas has been described in
crowdsourcing (Fu et al., 2017). This refers to the phenomenon when providing
an example or reference limits the diversity of ideas solicited. This concept is similar
to groupthink, which occurs when a group of individuals converges on a single solution
(Janis, 1972). There are several technical ways of designing a crowdsourcing project
that could limit cognitive fixation, including the following: limiting the use of
examples when calling for innovative ideas; drawing on different groups of
individuals or different topics (avoiding serial challenges focused on the same topic);
and having a submission system in which those who submit do not view other
submissions.

Crowdsourcing applications in medical research
Crowdsourcing approaches have already been used to enhance formative, pre-clinical, and
clinical research (Table 3). Crowdsourcing approaches have been used to assist in the
discovery and development of antibiotics (Desselle et al., 2017), lupus drugs (Grammer
et al., 2016), and anti-malarials (Spangenberg et al., 2013). Several crowdsourcing activities
have been used to prepare for clinical and other medical research. Crowdsourcing
approaches have identified potentially relevant citations as part of systematic reviews.

Table 3 Crowdsourcing applications in medical research.

Crowdsourcing application Purpose of crowdsourcing Examples

Informing medical research
(formative)

Optimize search processes Assist with systematic reviews

Pre-clinical research Share key elements necessary for drug development Curate data on drugs; accelerate genomic analysis

Clinical and translational
research

Recruiting study participants; community engagement Solicit community feedback; enhance drug development

Note:
Crowdsourcing can be used to inform formative work, pre-clinical research, and clinical research.

Tucker et al. (2019), PeerJ, DOI 10.7717/peerj.6762 8/17

http://dx.doi.org/10.7717/peerj.6762
https://peerj.com/


This approach has been found reliable (Mortensen et al., 2017) and is being piloted as part
of a Cochrane program (Cochrane Collaboration, 2019).

Crowdsourcing could accelerate several stages of drug development, including
screening, pre-clinical trials, and human clinical trials. Screening of potential drug
candidates has been opened to the public through crowdsourcing activities in several fields.
The Medicines for Malaria Venture (Spangenberg et al., 2013) and a tuberculosis
consortium (Ballell et al., 2013) both used crowdsourcing to catalyze drug target
identification. At the pre-clinical stage of drug development, sharing of chemical probes
with the public has created a new class of bromodomain inhibitors (Arshad et al.,
2016; Scott, 2016). Within human trials, several studies have used crowdsourcing to
develop human clinical trial study messaging and community engagement (Leiter et al.,
2014; Mathews et al., 2017; Pan et al., 2017). Many studies have used Amazon Turk or
other platforms to recruit study participants into online randomized controlled trials
(Jones et al., 2013; Losina et al., 2017; Tang et al., 2016a, 2016b). While such approaches are
often rapid and save money, there are concerns about generalizability (Wang et al., 2018b).

CONCLUSION
Our observations about using crowdsourcing in medical research have several important
limitations. First, we did not focus our analysis based on different categories of
crowdsourcing because other systematic reviews have covered this territory (Crequit et al.,
2018;Wang et al., 2018a). Second, although there is a growing literature on crowdsourcing
in medical research, (Pan et al., 2017) the number of randomized controlled trials
and related studies is still limited (Wang et al., 2018a). Third, we have not included a list of
areas which problems may be more amenable to crowdsourcing because this has been
partially covered in a previous review (Wazny, 2017) and is difficult to infer from the
existing literature.

This review suggests several important areas for future crowdsourcing research in
medicine. More rigorous research studies are needed to expand our understanding of
crowdsourcing, including studies with comparator groups (e.g., randomized controlled
trials), cost-effectiveness research, and qualitative studies. In addition, given that much of
the crowdsourcing medical research to date has benefitted from academic medical
schools as innovation hubs (Siefert et al., 2018), further development of crowdsourcing in
medical training and education may be warranted. The design of innovation challenges is
widely known among practitioners to influence the ultimate success of crowdsourcing
activities, but these design elements are not frequently captured in studies. Further
methodological innovation and research are needed.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This study received support from the National Key Research and Development Program of
China (2017YFE0103800), the National Institutes of Health (NIAID 1R01AI114310-01,
NIAID K24AI143471, NICHD UG3HD096929), the UNC Center for AIDS Research

Tucker et al. (2019), PeerJ, DOI 10.7717/peerj.6762 9/17

http://dx.doi.org/10.7717/peerj.6762
https://peerj.com/


(NIAID 5P30AI050410), and the North Carolina Translational & Clinical Sciences
Institute (1UL1TR001111). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
National Key Research and Development Program of China: 2017YFE0103800.
National Institutes of Health: NIAID 1R01AI114310-01, NIAID K24AI143471, NICHD
UG3HD096929.
UNC Center for AIDS Research: NIAID 5P30AI050410.
North Carolina Translational & Clinical Sciences Institute: 1UL1TR001111.

Competing Interests
Joseph Tucker and Weiming Tang are advisors to SESH Global in Guangzhou, China.
There are no other competing interests.

Author Contributions
� Joseph D. Tucker conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
paper, approved the final draft.

� Suzanne Day conceived and designed the experiments, analyzed the data, contributed
reagents/materials/analysis tools, authored or reviewed drafts of the paper, approved the
final draft.

� Weiming Tang conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the paper, approved the final draft, he provided administrative
assistance.

� Barry Bayus conceived and designed the experiments, performed the experiments,
analyzed the data, contributed reagents/materials/analysis tools, authored or reviewed
drafts of the paper, approved the final draft.

Data Availability
The following information was supplied regarding data availability:

This article did not generate raw data; this is a literature review.

REFERENCES
Albarqouni S, Baur C, Achilles F, Belagiannis V, Demirci S, Navab N. 2016. AggNet: deep

learning from crowds for mitosis detection in breast cancer histology images. IEEE Transactions
on Medical Imaging 35(5):1313–1321 DOI 10.1109/TMI.2016.2528120.

Allen GI, Amoroso N, Anghel C, Balagurusamy V, Bare CJ, Beaton D, Bellotti R, Bennett DA,
Boehme KL, Boutros PC, Caberlotto L, Caloian C, Campbell F, Chaibub Neto E, Chang YC,
Chen B, Chen CY, Chien TY, Clark T, Das S, Davatzikos C, Deng J, Dillenberger D,
Dobson RJ, Dong Q, Doshi J, Duma D, Errico R, Erus G, Everett E, Fardo DW, Friend SH,
Frohlich H, Gan J, St George-Hyslop P, Ghosh SS, Glaab E, Green RC, Guan Y, Hong MY,
Huang C, Hwang J, Ibrahim J, Inglese P, Iyappan A, Jiang Q, Katsumata Y, Kauwe JS,
Klein A, Kong D, Krause R, Lalonde E, Lauria M, Lee E, Lin X, Liu Z, Livingstone J,

Tucker et al. (2019), PeerJ, DOI 10.7717/peerj.6762 10/17

http://dx.doi.org/10.1109/TMI.2016.2528120
http://dx.doi.org/10.7717/peerj.6762
https://peerj.com/


Logsdon BA, Lovestone S, Ma TW, Malhotra A, Mangravite LM, Maxwell TJ, Merrill E,
Nagorski J, Namasivayam A, Narayan M, Naz M, Newhouse SJ, Norman TC, Nurtdinov RN,
Oyang YJ, Pawitan Y, Peng S, Peters MA, Piccolo SR, Praveen P, Priami C, Sabelnykova VY,
Senger P, Shen X, Simmons A, Sotiras A, Stolovitzky G, Tangaro S, Tateo A, Tung YA,
Tustison NJ, Varol E, Vradenburg G, Weiner MW, Xiao G, Xie L, Xie Y, Xu J, Yang H,
Zhan X, Zhou Y, Zhu F, Zhu H. 2016. Crowdsourced estimation of cognitive decline
and resilience in Alzheimer’s disease. Alzheimers & Dementia 12(6):645–653
DOI 10.1016/j.jalz.2016.02.006.

Årdal C, Røttingen J-A. 2012. Open source drug discovery in practice: a case study.
PLOS Neglected Tropical Diseases 6(9):e1827 DOI 10.1371/journal.pntd.0001827.

Årdal C, Røttingen J-A. 2015. An open source business model for malaria. PLOS ONE
10(2):e0117150 DOI 10.1371/journal.pone.0117150.

Arshad Z, Smith J, Roberts M, Lee WH, Davies B, Bure K, Hollander GA, Dopson S,
Bountra C, Brindley D. 2016. Open access could transform drug discovery: a case
study of JQ1. Expert Opinion on Drug Discovery 11(3):321–332
DOI 10.1517/17460441.2016.1144587.

Austen-Smith D, Banks JS. 1996. Information aggregation, rationality, and the
Condorcet Jury Theorem. American Political Science Review 90(1):34–45
DOI 10.2307/2082796.

Bagla P. 2012. Science in India. Crowd-sourcing drug discovery. Science 335(6071):909–909
DOI 10.1126/science.335.6071.909.

Ballell L, Bates RH, Young RJ, Alvarez-Gomez D, Alvarez-Ruiz E, Barroso V, Blanco D,
Crespo B, Escribano J, Gonzalez R, Lozano S, Huss S, Santos-Villarejo A, Martin-Plaza JJ,
Mendoza A, Rebollo-Lopez MJ, Remuinan-Blanco M, Lavandera JL, Perez-Herran E,
Gamo-Benito FJ, Garcia-Bustos JF, Barros D, Castro JP, Cammack N. 2013. Fueling open-
source drug discovery: 177 small-molecule leads against tuberculosis. ChemMedChem
8(2):313–321 DOI 10.1002/cmdc.201200428.

Bhardwaj A, Scaria V, Raghava GP, Lynn AM, Chandra N, Banerjee S, Raghunandanan MV,
Pandey V, Taneja B, Yadav J, Dash D, Bhattacharya J, Misra A, Kumar A, Ramachandran S,
Thomas Z, Open Source Drug Discovery Consortium. 2011. Open source drug
discovery—a new paradigm of collaborative research in tuberculosis drug development.
Tuberculosis 91(5):479–486 DOI 10.1016/j.tube.2011.06.004.

Bombelles T, Coaker H. 2015. Neglected tropical disease research: rethinking the drug discovery
model. Future Medicinal Chemistry 7(6):693–700 DOI 10.4155/fmc.15.29.

Brabham DC. 2008. Crowdsourcing as a model for problem solving: an introduction and cases.
Convergence: The International Journal of Research into New Media Technologies 14(1):75–90
DOI 10.1177/1354856507084420.

Brabham DC, Ribisl KM, Kirchner TR, Bernhardt JM. 2014. Crowdsourcing applications
for public health. American Journal of Preventive Medicine 46(2):179–187
DOI 10.1016/j.amepre.2013.10.016.

Bradbury H. 2015. The SAGE handbook of action research/edited by Hilary Bradbury.
Los Angeles: SAGE Publications.

Cammarota J, Fine M. 2008. Revolutionizing education: youth participatory action research
in motion. New York: Routledge.

Chesbrough HW. 2003. Open innovation: the new imperative for creating and profiting from
technology. Boston: Harvard Business School Press.

Tucker et al. (2019), PeerJ, DOI 10.7717/peerj.6762 11/17

http://dx.doi.org/10.1016/j.jalz.2016.02.006
http://dx.doi.org/10.1371/journal.pntd.0001827
http://dx.doi.org/10.1371/journal.pone.0117150
http://dx.doi.org/10.1517/17460441.2016.1144587
http://dx.doi.org/10.2307/2082796
http://dx.doi.org/10.1126/science.335.6071.909
http://dx.doi.org/10.1002/cmdc.201200428
http://dx.doi.org/10.1016/j.tube.2011.06.004
http://dx.doi.org/10.4155/fmc.15.29
http://dx.doi.org/10.1177/1354856507084420
http://dx.doi.org/10.1016/j.amepre.2013.10.016
http://dx.doi.org/10.7717/peerj.6762
https://peerj.com/


Cochrane Collaboration. 2019. Cochrane Crowd. Available at http://crowd.cochrane.org/index.
html.

Crequit P, Mansouri G, Benchoufi M, Vivot A, Ravaud P. 2018. Mapping of crowdsourcing
in health systematic review. Journal of Medical Internet Research 20(5):e187
DOI 10.2196/jmir.9330.

Dai JC, Lendvay TS, Sorensen MD. 2017. Crowdsourcing in surgical skills acquisition: a
developing technology in surgical education. Journal of Graduate Medical Education
9(6):697–705 DOI 10.4300/JGME-D-17-00322.1.

De Condorcet M. 1785. Essai sur l’application de l’analyse à la probabilité des décisions rendues à
la pluralité des voix. Available at http://gallica.bnf.fr/ark:/12148/bpt6k417181.

Desselle MR, Neale R, Hansford KA, Zuegg J, Elliott AG, Cooper MA, Blaskovich MA. 2017.
Institutional profile: community for open antimicrobial drug discovery—crowdsourcing
new antibiotics and antifungals. Future Science OA 3(2):FSO171
DOI 10.4155/fsoa-2016-0093.

Diamond IR, Grant RC, Feldman BM, Pencharz PB, Ling SC, Moore AM, Wales PW. 2014.
Defining consensus: a systematic review recommends methodologic criteria for reporting
of Delphi studies. Journal of Clinical Epidemiology 67(4):401–409
DOI 10.1016/j.jclinepi.2013.12.002.

DREAM Challenges. 2019. DREAM challenges website. Available at http://dreamchallenges.org/
about-dream/.

Ellis-Petersen H. 2016. Boaty McBoatface wins poll to name polar research vessel. Guardian.
Available at https://www.theguardian.com/environment/2016/apr/17/boaty-mcboatface-wins-
poll-to-name-polar-research-vessel (accessed 17 April 2016).

English PB, Richardson MJ, Garzón-Galvis C. 2018. From crowdsourcing to extreme
Citizen science: participatory research for environmental health. Annual Review of Public Health
39(1):335–350 DOI 10.1146/annurev-publhealth-040617-013702.

Fitzpatrick T, Zhou K, Cheng Y, Chan PL, Cui F, Tang W, Mollan KR, Guo W, Tucker JD.
2018. A crowdsourced intervention to promote hepatitis B and C testing among men who
have sex with men in China: study protocol for a nationwide online randomized controlled trial.
BMC Infectious Diseases 18(1):489 DOI 10.1186/s12879-018-3403-3.

Fu S, De Vreede G-J, Cheng X, Seeber I, Maier R, Weber B. 2017. Convergence of crowdsourcing
ideas: a cognitive load perspective. In: ICIS 2017 Proceedings Association for Information
Systems, Seoul, South Korea. Available at http://orbit.dtu.dk/files/140634594/Submission_
version_ICIS2017.pdf.

Geiger D, Rosemann M, Fielt E. 2011. Crowdsourcing information systems—a systems theory
perspective. In: Sydney, 22nd Australasian Conference on Information Systems.

Gottlieb K, Hussain F. 2015. Voting for image scoring and assessment (VISA)—theory and
application of a 2 + 1 reader algorithm to improve accuracy of imaging endpoints in clinical
trials. BMC Medical Imaging 15(1):6 DOI 10.1186/s12880-015-0049-0.

Grammer AC, Ryals MM, Heuer SE, Robl RD, Madamanchi S, Davis LS, Lauwerys B,
Catalina MD, Lipsky PE. 2016. Drug repositioning in SLE: crowd-sourcing, literature-mining
and big data analysis. Lupus 25(10):1150–1170 DOI 10.1177/0961203316657437.

Guinney J, Wang T, Laajala TD, Winner KK, Bare JC, Neto EC, Khan SA, Peddinti G, Airola A,
Pahikkala T, Mirtti T, Yu T, Bot BM, Shen L, Abdallah K, Norman T, Friend S,
Stolovitzky G, Soule H, Sweeney CJ, Ryan CJ, Scher HI, Sartor O, Xie Y, Aittokallio T,
Zhou FL, Costello JC, Abdallah K, Aittokallio T, Airola A, Anghe C, Azima H, Baertsch R,
Ballester PJ, Bare C, Bhandari V, Bot BM, Dang CC, Dunbar MB-N, Buchardt A-S,

Tucker et al. (2019), PeerJ, DOI 10.7717/peerj.6762 12/17

http://crowd.cochrane.org/index.html
http://crowd.cochrane.org/index.html
http://dx.doi.org/10.2196/jmir.9330
http://dx.doi.org/10.4300/JGME-D-17-00322.1
http://gallica.bnf.fr/ark:/12148/bpt6k417181
http://dx.doi.org/10.4155/fsoa-2016-0093
http://dx.doi.org/10.1016/j.jclinepi.2013.12.002
http://dreamchallenges.org/about-dream/
http://dreamchallenges.org/about-dream/
https://www.theguardian.com/environment/2016/apr/17/boaty-mcboatface-wins-poll-to-name-polar-research-vessel
https://www.theguardian.com/environment/2016/apr/17/boaty-mcboatface-wins-poll-to-name-polar-research-vessel
http://dx.doi.org/10.1146/annurev-publhealth-040617-013702
http://dx.doi.org/10.1186/s12879-018-3403-3
http://orbit.dtu.dk/files/140634594/Submission_version_ICIS2017.pdf
http://orbit.dtu.dk/files/140634594/Submission_version_ICIS2017.pdf
http://dx.doi.org/10.1186/s12880-015-0049-0
http://dx.doi.org/10.1177/0961203316657437
http://dx.doi.org/10.7717/peerj.6762
https://peerj.com/


Buturovic L, Cao D, Chalise P, Cho J, Chu T-M, Coley RY, Conjeti S, Correia S, Costello JC,
Dai Z, Dai J, Dargatz P, Delavarkhan S, Deng D, Dhanik A, Du Y, Elangovan A, Ellis S,
Elo LL, Espiritu SM, Fan F, Farshi AB, Freitas A, Fridley B, Friend S, Fuchs C, Gofer E,
Peddinti G, Graw S, Greiner R, Guan Y, Guinney J, Guo J, Gupta P, Guyer AI, Han J,
Hansen NR, Chang BHW, Hirvonen O, Huang B, Huang C, Hwang J, Ibrahim JG, Jayaswa V,
Jeon J, Ji Z, Juvvadi D, Jyrkkiö S, Kanigel-Winner K, Katouzian A, Kazanov MD,
Khan SA, Khayyer S, Kim D, Golinska AK, Koestler D, Kokowicz F, Kondofersky I,
Krautenbacher N, Krstajic D, Kumar L, Kurz C, Kyan M, Laajala TD, Laimighofer M,
Lee E, Lesinski W, Li M, Li Y, Lian Q, Liang X, Lim M, Lin H, Lin X, Lu J, Mahmoudian M,
Manshaei R, Meier R, Miljkovic D, Mirtti T, Mnich K, Navab N, Neto EC, Newton Y,
Norman T, Pahikkala T, Pal S, Park B, Patel J, Pathak S, Pattin A, Ankerst DP, Peng J,
Petersen AH, Philip R, Piccolo SR, Pölsterl S, Polewko-Klim A, Rao K, Ren X, Rocha M,
Rudnicki WR, Ryan CJ, Ryu H, Sartor O, Scherb H, Sehgal R, Seyednasrollah F,
Shang J, Shao B, Shen L, Sher H, Shiga M, Sokolov A, Söllner JF, Song L, Soule H,
Stolovitzky G, Stuart J, Sun R, Sweeney CJ, Tahmasebi N, Tan K-T, Tomaziu L, Usset J,
Vang YS, Vega R, Vieira V, Wang D, Wang D, Wang J, Wang L, Wang S, Wang T, Wang Y,
Wolfinger R, Wong C, Wu Z, Xiao J, Xie X, Xie Y, Xin D, Yang H, Yu N, Yu T, Yu X,
Zahedi S, Zanin M, Zhang C, Zhang J, Zhang S, Zhang Y, Zhou FL, Zhu H, Zhu S, Zhu Y.
2017. Prediction of overall survival for patients with metastatic castration-resistant prostate
cancer: development of a prognostic model through a crowdsourced challenge with open
clinical trial data. Lancet Oncology 18(1):132–142 DOI 10.1016/S1470-2045(16)30560-5.

Han L, Chen A, Wei S, Ong JJ, Iwelunmor J, Tucker JD. 2018. Crowdsourcing contests
in health and health research: a practical guide. Geneva: World Health Organization.

Hautz WE, Kämmer JE, Schauber SK, Spies CD, Gaissmaier W. 2015. Diagnostic
performance by medical students working individually or in teams. JAMA 313(3):303–304
DOI 10.1001/jama.2014.15770.

Howe J. 2006. The rise of crowdsourcing. New York: Wired. Available at https://www.wired.com/
2006/06/crowds/.

ITEST. 2018. ITEST: Innovative tools to expand youth-friendly HIV self-testing. Available at
https://projectreporter.nih.gov/project_info_description.cfm?aid=9618360&icde=
43845939&ddparam=&ddvalue=&ddsub=&cr=1&csb=default&cs=ASC&pball=.

Janis IL. 1972. Victims of groupthink; a psychological study of foreign-policy decisions and fiascoes.
Boston: Houghton.

Jones RB, Goldsmith L, Hewson P, Williams CJ. 2013. Recruitment to online therapies for
depression: pilot cluster randomized controlled trial. Journal of Medical Internet Research
15(3):e45 DOI 10.2196/jmir.2367.

Kämmer JE, Hautz WE, Herzog SM, Kunina-Habenicht O, Kurvers R. 2017. The potential of
collective intelligence in emergency medicine: pooling medical students’ independent decisions
improves diagnostic performance. Medical Decision Making 37(6):715–724
DOI 10.1177/0272989X17696998.

Kirshner B. 2010. Productive tensions in youth participatory action research. Yearbook of the
National Society for the Study of Education 109:238–251.

Koch T, Ridgley M. 2000. The condorcet’s jury theorem in a bioethical context: the dynamics
of group decision making. Group Decision and Negotiation 9(5):379–392
DOI 10.1023/A:1008712331820.

Kurvers RH, Herzog SM, Hertwig R, Krause J, Carney PA, Bogart A, Argenziano G, Zalaudek I,
Wolf M. 2016. Boosting medical diagnostics by pooling independent judgments. Proceedings of

Tucker et al. (2019), PeerJ, DOI 10.7717/peerj.6762 13/17

http://dx.doi.org/10.1016/S1470-2045(16)30560-5
http://dx.doi.org/10.1001/jama.2014.15770
https://www.wired.com/2006/06/crowds/
https://www.wired.com/2006/06/crowds/
https://projectreporter.nih.gov/project_info_description.cfm?aid=9618360&icde=43845939&ddparam=&ddvalue=&ddsub=&cr=1&csb=default&cs=ASC&pball=
https://projectreporter.nih.gov/project_info_description.cfm?aid=9618360&icde=43845939&ddparam=&ddvalue=&ddsub=&cr=1&csb=default&cs=ASC&pball=
http://dx.doi.org/10.2196/jmir.2367
http://dx.doi.org/10.1177/0272989X17696998
http://dx.doi.org/10.1023/A:1008712331820
http://dx.doi.org/10.7717/peerj.6762
https://peerj.com/


the National Academy of Sciences of the United States of America 113(31):8777–8782
DOI 10.1073/pnas.1601827113.

Ladha KK. 1992. The condorcet jury theorem, free speech, and correlated votes. American Journal
of Political Science 36(3):617–634 DOI 10.2307/2111584.

Larson HJ, Smith DM, Paterson P, Cumming M, Eckersberger E, Freifeld CC, Ghinai I,
Jarrett C, Paushter L, Brownstein JS, Madoff LC. 2013.Measuring vaccine confidence: analysis
of data obtained by a media surveillance system used to analyse public concerns about vaccines.
Lancet Infectious Diseases 13(7):606–613 DOI 10.1016/S1473-3099(13)70108-7.

Lavorgna L, Lanzillo R, Brescia Morra V, Abbadessa G, Tedeschi G, Bonavita S. 2017.
Social media and multiple sclerosis in the posttruth age. Interactive Journal of Medical Research
6(2):e18 DOI 10.2196/ijmr.7879.

Leiter A, Sablinski T, Diefenbach M, Foster M, Greenberg A, Holland J, Oh WK, Galsky MD.
2014. Use of crowdsourcing for cancer clinical trial development. JNCI: Journal of the
National Cancer Institute 106(10):dju258 DOI 10.1093/jnci/dju258.

Lévy P. 1997. Collective intelligence: mankind’s emerging world in cyberspace. New York:
Plenum Trade.

Lim W, Melse Y, Konings M, Phat Duong H, Eadie K, Laleu B, Perry B, Todd MH, Ioset J-R,
Van De Sande WWJ. 2018. Addressing the most neglected diseases through an open
research model: the discovery of fenarimols as novel drug candidates for eumycetoma.
PLOS Neglected Tropical Diseases 12(4):e0006437 DOI 10.1371/journal.pntd.0006437.

Losina E, Michl GL, Smith KC, Katz JN. 2017. Randomized controlled trial of an educational
intervention using an online risk calculator for knee osteoarthritis: effect on risk perception.
Arthritis Care & Research 69(8):1164–1170 DOI 10.1002/acr.23136.

Mackay C. 1852. Memoirs of extraordinary popular delusions and the madness of crowds.
London: Office of the National Illustrated Library.

Manstead ASR, Hewstone M. 1995. The Blackwell encyclopedia of social psychology. Oxford,
Cambridge: Blackwell.

Mathews A, Farley S, Blumberg M, Knight K, Hightow-Weidman L, Muessig K, Rennie S,
Tucker J. 2017. HIV cure research community engagement in North Carolina: a
mixed-methods evaluation of a crowdsourcing contest. Journal of Virus Eradication
3:223–228.

Mathews A, Farley S, Hightow-Weidman L, Muessig K, Rennie S, Tucker JD. 2018.
Crowdsourcing and community engagement: a qualitative analysis of the 2BeatHIV contest.
Journal of Virus Eradication 4:30–36.

McElfish PA, Kohler P, Smith C, Warmack S, Buron B, Hudson J, Bridges M, Purvis R,
Rubon-Chutaro J. 2015. Community-driven research agenda to reduce health disparities.
Clinical and Translational Science 8(6):690–695 DOI 10.1111/cts.12350.

McKinsey. 2009. And the winner is: capturing the promise of philanthropic prizes. New York.
Available at https://www.mckinsey.com/~/media/mckinsey/industries/social%20sector/our%
20insights/and%20the%20winner%20is%20philanthropists%20and%20governments%20make%
20prizes%20count/and-the-winner-is-philanthropists-and-governments-make-prizes-count.ashx.

McPhail C. 1991. The Myth of the Madding Crowd. New York: Routledge.

Minkler M, Wallerstein N. 2003. Community based participatory research for health. San
Francisco: Jossey-Bass.

Mortensen ML, Adam GP, Trikalinos TA, Kraska T, Wallace BC. 2017. An exploration of
crowdsourcing citation screening for systematic reviews. Research Synthesis Methods
8(3):366–386 DOI 10.1002/jrsm.1252.

Tucker et al. (2019), PeerJ, DOI 10.7717/peerj.6762 14/17

http://dx.doi.org/10.1073/pnas.1601827113
http://dx.doi.org/10.2307/2111584
http://dx.doi.org/10.1016/S1473-3099(13)70108-7
http://dx.doi.org/10.2196/ijmr.7879
http://dx.doi.org/10.1093/jnci/dju258
http://dx.doi.org/10.1371/journal.pntd.0006437
http://dx.doi.org/10.1002/acr.23136
http://dx.doi.org/10.1111/cts.12350
https://www.mckinsey.com/~/media/mckinsey/industries/social%20sector/our%20insights/and%20the%20winner%20is%20philanthropists%20and%20governments%20make%20prizes%20count/and-the-winner-is-philanthropists-and-governments-make-prizes-count.ashx
https://www.mckinsey.com/~/media/mckinsey/industries/social%20sector/our%20insights/and%20the%20winner%20is%20philanthropists%20and%20governments%20make%20prizes%20count/and-the-winner-is-philanthropists-and-governments-make-prizes-count.ashx
https://www.mckinsey.com/~/media/mckinsey/industries/social%20sector/our%20insights/and%20the%20winner%20is%20philanthropists%20and%20governments%20make%20prizes%20count/and-the-winner-is-philanthropists-and-governments-make-prizes-count.ashx
http://dx.doi.org/10.1002/jrsm.1252
http://dx.doi.org/10.7717/peerj.6762
https://peerj.com/


Mudie LI, Wang X, Friedman DS, Brady CJ. 2017. Crowdsourcing and automated retinal
image analysis for diabetic retinopathy. Current Diabetes Reports 17(11):106
DOI 10.1007/s11892-017-0940-x.

Munos B. 2006. Can open-source R and D reinvigorate drug research? Nature Reviews Drug
Discovery 5(9):723–729 DOI 10.1038/nrd2131.

Munos B. 2010. Can open-source drug R and D repower pharmaceutical innovation? Clinical
Pharmacology & Therapeutics 87(5):534–536 DOI 10.1038/clpt.2010.26.

Noren DP, Long BL, Norel R, Rrhissorrakrai K, Hess K, Hu CW, Bisberg AJ, Schultz A,
Engquist E, Liu L, Lin X, Chen GM, Xie H, Hunter GA, Boutros PC, Stepanov O,
Consortium DA-O, Norman T, Friend SH, Stolovitzky G, Kornblau S, Qutub AA. 2016.
A crowdsourcing approach to developing and assessing prediction algorithms for AML
prognosis. PLOS Computational Biology 12(6):e1004890 DOI 10.1371/journal.pcbi.1004890.

Orionzi DE, Mink PJ, Azzahir A, Yusuf AA, Jernigan MJ, Dahlem JL, Anderson MJ, Trahan L,
Rosenberg-Carlson E. 2016. Implementing a community-driven research partnership: the
backyard initiative community health survey methods and approach. Progress in Community
Health Partnerships: Research, Education, and Action 10(4):493–503
DOI 10.1353/cpr.2016.0057.

Oxford English Dictionary. 2019. “Medicine”. Oxford: Oxford University Press. Available at
http://www.oed.com/.

Ozer EJ. 2016. Chapter seven-youth-led participatory action research: developmental and
equity perspectives. Advances in Child Development and Behavior 50:189–207.

Ozer EJ, Piatt AA, Holsen I, Larsen T, Lester J, Ozer EM. 2016. Innovative approaches to
promoting positive youth development in diverse contexts. In: Petersen AC, Koller SH,
Motti-Stefanidi F, Verma S, eds. Positive Youth Development in Global Contexts of Social and
Economic Change. Vol. 12. New York: Routledge.

Pan SW, Stein G, Bayus B, Mathews A, Wang C, Wei C, Tucker JD. 2017. Systematic review of
design contests for health: spurring innovation and mass engagement. BMJ Innovations
3(4):227–237 DOI 10.1136/bmjinnov-2017-000203.

Powell GA, Zinszer K, Verma A, Bahk C, Madoff L, Brownstein J, Buckeridge D. 2016.
Media content about vaccines in the United States and Canada, 2012–2014: an analysis
using data from the vaccine sentimeter. Vaccine 34(50):6229–6235
DOI 10.1016/j.vaccine.2016.10.067.

Ranard BL, Ha YP, Meisel ZF, Asch DA, Hill SS, Becker LB, Seymour AK, Merchant RM. 2014.
Crowdsourcing—harnessing the masses to advance health and medicine, a systematic review.
Journal of General Internal Medicine 29(1):187–203 DOI 10.1007/s11606-013-2536-8.

Rice S, Robinson J, Bendall S, Hetrick S, Cox G, Bailey E, Gleeson J, Alvarez-Jimenez M. 2016.
Online and social media suicide prevention interventions for young people: a focus on
implementation and moderation. Journal of the Canadian Academy of Child and Adolescent
Psychiatry 25(2):80–86.

Ringh M, Rosenqvist M, Hollenberg J, Jonsson M, Fredman D, Nordberg P, Järnbert-
Pettersson H, Hasselqvist-Ax I, Riva G, Svensson L. 2015. Mobile-phone dispatch of
laypersons for CPR in out-of-hospital cardiac arrest. New England Journal of Medicine
372(24):2316–2325 DOI 10.1056/NEJMoa1406038.

Rohde H, Qin J, Cui Y, Li D, Loman NJ, Hentschke M, Chen W, Pu F, Peng Y, Li J, Xi F, Li S, Li
Y, Zhang Z, Yang X, Zhao M, Wang P, Guan Y, Cen Z, Zhao X, Christner M, Kobbe R,
Loos S, Oh J, Yang L, Danchin A, Gao GF, Song Y, Li Y, Yang H, Wang J, Xu J, Pallen MJ,
Wang J, Aepfelbacher M, Yang R, EcOHGAC-S Consortium. 2011. Open-source genomic

Tucker et al. (2019), PeerJ, DOI 10.7717/peerj.6762 15/17

http://dx.doi.org/10.1007/s11892-017-0940-x
http://dx.doi.org/10.1038/nrd2131
http://dx.doi.org/10.1038/clpt.2010.26
http://dx.doi.org/10.1371/journal.pcbi.1004890
http://dx.doi.org/10.1353/cpr.2016.0057
http://www.oed.com/
http://dx.doi.org/10.1136/bmjinnov-2017-000203
http://dx.doi.org/10.1016/j.vaccine.2016.10.067
http://dx.doi.org/10.1007/s11606-013-2536-8
http://dx.doi.org/10.1056/NEJMoa1406038
http://dx.doi.org/10.7717/peerj.6762
https://peerj.com/


analysis of Shiga-toxin-producing E. coli O104: H4. New England Journal of Medicine
365(8):718–724 DOI 10.1056/NEJMoa1107643.

Saez-Rodriguez J, Costello JC, Friend SH, Kellen MR, Mangravite L, Meyer P, Norman T,
Stolovitzky G. 2016. Crowdsourcing biomedical research: leveraging communities as
innovation engines. Nature Reviews Genetics 17(8):470–486 DOI 10.1038/nrg.2016.69.

Scott AR. 2016.Chemical probes: a shared toolbox.Nature 533(7602):S60–S61 DOI 10.1038/533S60a.

Shaw DL. 2017. Is open science the future of drug development? Yale Journal of Biology and
Medicine 90:147–151.

Siefert AL, Cartiera MS, Khalid AN, Nantel MC, Loose CR, Schulam PG, Saltzman WM,
Dempsey MK. 2018. The yale center for biomedical innovation and technology (CBIT): one
model to accelerate impact from academic health care innovation. Epub ahead of print.
Academic Medicine 1 DOI 10.1097/ACM.0000000000002542.

So AD, Gupta N, Brahmachari SK, Chopra I, Munos B, Nathan C, Outterson K, Paccaud JP,
Payne DJ, Peeling RW, Spigelman M, Weigelt J. 2011. Towards new business models
for R and D for novel antibiotics. Drug Resistance Updates 14(2):88–94
DOI 10.1016/j.drup.2011.01.006.

Spangenberg T, Burrows JN, Kowalczyk P, McDonald S, Wells TN, Willis P. 2013. The open
access malaria box: a drug discovery catalyst for neglected diseases. PLOS ONE 8(6):e62906
DOI 10.1371/journal.pone.0062906.

Surowiecki J. 2004. The wisdom of crowds: why the many are smarter than the few and how
collective wisdom shapes business, economies, societies, and nations. New York: Doubleday.

Tang W, Han L, Best J, Zhang Y, K. M, Kim J, Liu F, Hudgens M, Bayus B, Terris-Prestholt F,
Galler S, Yang L, Peeling R, Volberding P, Ma B, Xu H, Yang B, Huang S, Fenton K, Wei C,
Tucker JD. 2016a. Crowdsourcing HIV testing: a pragmatic, non-inferiority randomized
controlled trial in China. Clinical Infectious Diseases 62(11):1436–1442
DOI 10.1093/cid/ciw171.

Tang W, Mao J, Liu C, Mollan K, Li H, Wong T, Zhang Y, Tang S, Hudgens M, Qin Y, Ma B,
Liao M, Yang B, Ma W, Kang D, Wei C, Tucker JD. 2016b. Crowdsourcing health
communication about condom use in men who have sex with men in China: a randomised
controlled trial. Lancet 388(Suppl 1):S73 DOI 10.1016/S0140-6736(16)32000-1.

TangW, Mao J, Liu C, Mollan K, Li H, Wong T, Zhang Y, Tucker JD. 2016c. Reimagining health
communication: a non-inferiority randomized controlled trial of crowdsourcing in China.
Sexually Transmitted Diseases 46:172–178.

Tang W, Wei C, Cao B, Wu D, Li KT, Lu H, Ma W, Kang D, Li H, Liao M, Mollan KR,
Hudgens MG, Liu C, Huang W, Liu A, Zhang Y, Smith MK, Mitchell KM, Ong JJ, Fu H,
Vickerman P, Yang L, Wang C, Zheng H, Yang B, Tucker JD. 2018. Crowdsourcing to expand
HIV testing among men who have sex with men in China: A closed cohort stepped wedge
cluster randomized controlled trial. PLOS Medicine 15(8):e1002645
DOI 10.1371/journal.pmed.1002645.

Tucker JD, Pan SW, Mathews A, Stein G, Bayus B, Rennie S. 2018. Crowdsourcing contests: a
scoping review on ethical concerns and risk mitigation strategies. Journal of Medical Internet
Research 20:e75 DOI 10.2196/jmir.8226.

Tufféry P. 2015.Accessing external innovation in drug discovery and development. Expert Opinion
on Drug Discovery 10(6):579–589 DOI 10.1517/17460441.2015.1040759.

Van Ess H. 2010. Crowdsourcing: how to find a crowd. Available at https://www.slideshare.net/
searchbistro/harvesting-knowledge-how-to-crowdsource-in-2010.

Tucker et al. (2019), PeerJ, DOI 10.7717/peerj.6762 16/17

http://dx.doi.org/10.1056/NEJMoa1107643
http://dx.doi.org/10.1038/nrg.2016.69
http://dx.doi.org/10.1038/533S60a
http://dx.doi.org/10.1097/ACM.0000000000002542
http://dx.doi.org/10.1016/j.drup.2011.01.006
http://dx.doi.org/10.1371/journal.pone.0062906
http://dx.doi.org/10.1093/cid/ciw171
http://dx.doi.org/10.1016/S0140-6736(16)32000-1
http://dx.doi.org/10.1371/journal.pmed.1002645
http://dx.doi.org/10.2196/jmir.8226
http://dx.doi.org/10.1517/17460441.2015.1040759
https://www.slideshare.net/searchbistro/harvesting-knowledge-how-to-crowdsource-in-2010
https://www.slideshare.net/searchbistro/harvesting-knowledge-how-to-crowdsource-in-2010
http://dx.doi.org/10.7717/peerj.6762
https://peerj.com/


Von Hippel E, Von Krogh G. 2003. Open source software and the “Private-Collective”
innovation model: issues for organization science. Organization Science 14(2):209–223
DOI 10.1287/orsc.14.2.209.14992.

Wang C, Han L, Stein G, Day S, Bien-Gund C, Mathews A, Ong JJ, Zhao P, Wei S, Walker J,
Chou R, Lee A, Chen A, Bayus B, Tucker JD. 2018a. Crowdsourcing in health and medical
research: a systematic review. London: LSHTM Evaluation Series.

Wang C, Mollan KR, Hudgens MG, Tucker JD, Zheng H, Tang W, Ling L. 2018b.
Generalisability of an online randomised controlled trial: an empirical analysis. Journal of
Epidemiology and Community Health 72(2):173–178 DOI 10.1136/jech-2017-209976.

Wazny K. 2017. Crowdsourcing’s ten years in: a review. Journal of Global Health 7(2):020602
DOI 10.7189/jogh.07.020601.

Wells HG. 1938. World brain. Garden City: Doubleday, Doran and Co., Inc.

Wilhelm M. 2017. Big pharma buys into crowdsourcing for drug discovery. New York: Wired.
Available at https://www.wired.com/story/big-pharma-buys-into-crowdsourcing-for-drug-
discovery/.

Wolf M, Krause J, Carney PA, Bogart A, Kurvers RH. 2015. Collective intelligence meets medical
decision-making: the collective outperforms the best radiologist. PLOS ONE 10(8):e0134269
DOI 10.1371/journal.pone.0134269.

Woolley AW, Chabris CF, Pentland A, Hashmi N, Malone TW. 2010. Evidence for a collective
intelligence factor in the performance of human groups. Science 330(6004):686–688
DOI 10.1126/science.1193147.

Wu D, Best LL, Stein G, Tang W, Tucker JD, Healthy Cities Contest Team. 2018.
Community participation in a Lancet healthy cities in China commission. Lancet Planetary
Health 2(6):e241e242 DOI 10.1016/S2542-5196(18)30083-4.

Zhang Y, Kim J, Liu F, Tso L, Tang W, Wei C, Bayus B, Tucker JD. 2015. Creative contributory
contests (CCC) to spur innovation in sexual health: two cases and a guide for implementation.
Sexually Transmitted Diseases 42(11):625–628 DOI 10.1097/OLQ.0000000000000349.

Zhang A, Pan X, Wu F, Zhao Y, Hu F, Li L, Cai W, Tucker JD. 2017a. What would an hiv cure
mean to you: qualitative analysis from a crowdsourcing contest in Guangzhou. Vol. 34. China:
AIDS Res Hum Retroviruses, 80–84.

ZhangW, Schaffer D, Tso LS, Tang S, Tang W, Huang S, Yang B, Tucker JD. 2017b. Innovation
contests to promote sexual health in China: a qualitative evaluation. BMC Public Health 17(1):78
DOI 10.1186/s12889-016-4006-9.

Tucker et al. (2019), PeerJ, DOI 10.7717/peerj.6762 17/17

http://dx.doi.org/10.1287/orsc.14.2.209.14992
http://dx.doi.org/10.1136/jech-2017-209976
http://dx.doi.org/10.7189/jogh.07.020601
https://www.wired.com/story/big-pharma-buys-into-crowdsourcing-for-drug-discovery/
https://www.wired.com/story/big-pharma-buys-into-crowdsourcing-for-drug-discovery/
http://dx.doi.org/10.1371/journal.pone.0134269
http://dx.doi.org/10.1126/science.1193147
http://dx.doi.org/10.1016/S2542-5196(18)30083-4
http://dx.doi.org/10.1097/OLQ.0000000000000349
http://dx.doi.org/10.1186/s12889-016-4006-9
http://dx.doi.org/10.7717/peerj.6762
https://peerj.com/

	Crowdsourcing in medical research: concepts and applications
	Introduction
	Conclusion
	References


