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The field of crowdsourcing for medicine has substantially expanded. We define
crowdsourcing as an organization having a large group attempt to solve community
problem, then share the solution with the broader public. Large groups of individuals can
participate in medical research through open contests, hackathons, and related activities.
The purpose of this literature review is to examine the definition, theory, and practice of
crowdsourcing in medicine in order to facilitate crowdsourcing research. This multi-
disciplinary review defines crowdsourcing for health, identifies theoretical 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 experts and non-experts, propose potential solutions; (2) sharing
solutions with the public through implementation or open access materials. The public can
be a central force in framing a common problem and developing feasible and compelling
solutions. Crowdsourcing is related to, but distinct from other participatory research
approaches. Crowdsourcing can be a useful for informing medical research, programs, and
policy. A growing evidence base suggests that crowdsourcing in medicine can result in
high-quality outcomes, broad community engagement, and more open science.
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Abstract

The field of crowdsourcing for medicine has substantially expanded. We define crowdsourcing
as an approach to problem solving which involves an organization having a large group attempt
to solve a community problem, then sharing the solution with the broader public. Crowdsourcing
allows large groups of individuals to participate in medical research through open contests,
hackathons, and related activities. The purpose of this literature review is to examine the
definition, theory, and practice of crowdsourcing in medicine in order to facilitate crowdsourcing
research. This multi-disciplinary review defines crowdsourcing for health, identifies theoretical
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 experts and non-experts, propose potential solutions; (2) sharing solutions
with the public through implementation or open access materials. The public can be a central
force in framing a common problem and developing feasible and compelling solutions.
Crowdsourcing is related to, but distinct from other participatory research approaches.
Crowdsourcing can be a useful for informing medical research, programs, and policy. A growing
evidence base suggests that crowdsourcing in medicine can result in high-quality outcomes,

broad community engagement, and more open science.
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Introduction

Crowdsourcing is an approach to problem solving that has gained momentum in the past
decade.!?> Crowdsourcing involves having a group of non-experts and experts to propose
solutions to a problem, then sharing solutions with the broader public.? This concept has spurred
diverse health programs, including challenge contests (also called innovation contests,
inducement prize contests, and open contests), hackathons, online systems for collaboration, and
other activities (Table 1). Many crowdsourcing programs focus on medicine.'*> However, to
date descriptions of crowdsourcing for medicine have neglected the theoretical foundations of

this approach.

The diversity of crowdsourcing approaches complicates attempts to achieve a single overarching
theory.®” Some have suggested that the bottom-up nature of engaging the public is antithetical to
theory-driven interventions. Others argue that the relatively brief history of crowdsourcing
makes it premature to develop a robust theory.® However, the conceptual basis of crowdsourcing
reaches well beyond the first use of the term. This history alongside more recent data on

collective intelligence and open-source models pave the way for a crowdsourcing theory.

Survey Methodology

This literature review examined the peer-reviewed and gray literature on crowdsourcing

approaches related to health. We searched PubMed and Google Scholar to identify potential
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studies for inclusion. This manuscript defines crowdsourcing for health, identifies theoretical

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.°
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 fails to capture the subsequent obligation to share the solution
with the public. Henk van Ess suggested that crowdsourcing involves experts and non-experts
attempt to solve a problem, then freely sharing the solutions with the public.? This definition is
more relevant to medical applications and provides a clearer outline of the essential aspects of

crowdsourcing — group participation in problem solving and sharing solutions widely.

First, an organization has a group (including experts and non-experts) 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 expert 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
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interventions that would be feasible and relevant in the local community. The group participation
component of 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.!”

The second key component of crowdsourcing involves sharing the solution with the public. This
could be accomplished through implementing the solution in a local community!! or creating
open access materials for public use.!? For example, the rights to an exceptional crowdsourced
image would not be held by the crowdsourcing organizers, but would instead be made widely
available through creative commons attribution. Additionally, given that crowdsourcing takes a
solution from a group, there is an ethical responsibility to share the solution with the public.!?
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;'? widely distributing images through social media;'# evaluating the
effectiveness of the crowdsourced output through a trial;”>!!:!> holding a series of in-person

workshops to communicate crowdsourced findings with key stakeholders. !
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These two crowdsourcing components — group participation and sharing of solutions — are each
indebted to earlier multidisciplinary theory 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.!” 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.'®!® Within a health context, Condorcet’s theorem has been used

in clinical diagnostic imaging? and reviewing organ transplant eligibility.?!

Philosophers and others have contributed to the development of a collective intelligence concept.
The French philosopher Pierre Lévy 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
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principle. H. G. Wells described a “World Brain” concept that 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.?* The crowdsourced encyclopedia, Wikipedia, echoes

some of the structures and functions of Wells’ original world brain concept.

Empirical evidence from humans suggests that there is a convergent collective intelligence factor
that explains a group’s performance on several tasks.?* Further empirical evidence supporting
collective intelligence is summarized in James Surowiecki’s 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.?¢

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.?’-*® Similar approaches have been

evaluated in the context of physician diagnosis of skin cancer?® and breast cancer.*°

Open Source Model
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Open source models can inform the second important component of crowdsourcing — sharing the
solution with the public. 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.3! 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.3?-3* A project called Open Source Drug
Discovery focuses developing drugs for neglected tropical diseases through open source
methods.?® Thousands of volunteers from over 100 countries have helped with micro-tasks to

develop more effective drugs for tuberculosis, schistosomiasis, and other infectious diseases.?®
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The open source platform has resulted in high-quality research, including advances related to the
development of schistosomiasis drugs.3” Other open source models for drug discovery have been

developed for Huntington’s disease,’® malaria,?® and other diseases.>’

Open source models have also been used within genomics. A Shiga-toxin producing E. coli
outbreak occurred in Germany in 2011, infecting 3000 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 two weeks of receiving the DNA samples.#? In addition, the DREAMS
Challenge team has organized many open source challenge contests.*! 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.*>*** 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 theoretical framework, methods, and assumptions. At the same time, each of

these three approaches can be used to inform crowdsourcing research and programs.
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Community-based participatory research actively engages the community in all stages of the
research process, contributing to shared decision making and community ownership.*> 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.4¢

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.*’ 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.*¥-3! The participatory action approach considers youth as potential
experts and co-creators of knowledge.’? Shared elements of crowdsourcing and participatory
research approaches include the emphasis on participation, local community partnerships, and
empowerment of non-experts. Participatory action research has been used to complement
crowdsourcing projects related to environmental health> and to design crowdsourcing

approaches for HIV self-testing.>*
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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.3> 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.’® All three of these approaches have been used in health

research. We now turn to examine crowdsourcing specifically in the context of health.

Crowdsource-able Challenges in Health

There is evidence demonstrating that some health challenges are more likely to produce wise
groups that others. These specific settings are instances in which crowdsourcing would likely be
more useful and settings where it would be less useful.? Issues that are more amenable to
crowdsourcing approaches include specific behavioral or social issues (e.g., changing condom
use behaviors), topics that have champions and are timely, topics with robust ally networks, and
topics where the public has a responsibility to be engaged. Given the limited research literature
on crowdsourcing in health, the evidence should be interpreted with caution. At the same time,
lessons learned from previous examples of successful crowdsourcing for addressing health-
related challenges may help individuals or groups to develop additional applications for this
approach. We will now examine the four areas where crowdsourcing is more useful - specific
behavioral or social issues, topics that have champions and are timely, topics with robust ally

networks, and topics where the public has a responsibility to be engaged.
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First, behavioral and social science-related health challenges are more conducive to a
crowdsourcing approach compared to biomedical ones. Systematic reviews>>’ and a World
Health Organization practical guide on crowdsourcing in health and health research? suggest that
crowdsourcing is used more frequently in the context of behavioral science. Having input from
community groups may be particularly useful in cases where social relationships or related
behavioral issues are at stake. For example, a challenge related to promoting HIV testing
behaviors may be more feasible to crowdsource compared to a challenge related to developing
new clinical HIV drugs. More specifically, within the broad fields of behavioral and social
sciences, many crowdsourcing projects have asked groups to develop health communications

(e.g., images, videos) or marketing tools.!!-14.58

Second, topics that have champions and are sensitive to local communications trends are more
readily taken on by crowdsourcing. Here were refer to champions as individuals who represent a
cause and are willing to openly endorse a project. In the context of a social media challenge
contest, this is the extent to which the call for submissions is forwarded. For example, our
women leaders in global health call for suggestions on increasing women’s participation in a
WHO/TDR mid-career fellowship was highly forwarded. We speculate that this was related to
the increasing number of women champions of this cause and a favorable social media

environment. Ultimately the contest received 311 submissions from 65 countries.

Third, groups are more likely to be wise in the context of strong partnerships and networks. The

nature of crowdsourcing depends on a call for widespread participation to be circulated widely.
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These networks could be online or in-person, but the steering committee needs to be able to
activate the networks. Networks could include student groups, patient advocacy organizations,
professional associations, social media groups, or other groups. With broader networks and
stronger partnerships, a crowdsourcing contest is more likely to reach creative people who are

willing to contribute, resulting in more high-quality entries.

Fourth, crowdsourcing is particularly useful in settings where the public has a responsibility to
be engaged. The rationale for public engagement varies widely in research studies. Some studies
actively seek public input and opinion,*6-~° while others discourage it. Given the strong force of

the public in crowdsourcing, this is an important issue.

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.®® The nineteenth century journalist Charles
Mackay remarked, “Men, it has been said, think in herds; it will be seen that they go made in

herds, while they only recover their senses slowly, and one by one.” Psychologists have
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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 shipping vessel name that received the largest number of public
votes.%! 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. Clark McPhail
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.%* Within the context of medicine, unmoderated online platforms could help to
propagate myths or misunderstandings about a disease.®* Yet appropriate moderation of online
platforms in the context of health interventions decreases this risk.® Hence, the risk of mad

groups in health interventions appears limited.

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!. Having
non-experts 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,? including group judging
(having a group of non-experts evaluate),!! panel judging (having a diverse group of individuals

evaluate),'* and artificial intelligence.%%%7 Several systematic reviews of crowdsourcing in
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medicine suggest that crowdsourcing allows a broad range of quality, including both low and

high-quality submissions.>7-68

Finally, the problem of cognitive fixation on prior ideas has been described in crowdsourcing.5’
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.”® 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 contests focused on the same topic); and having a submission system in which

those who submit do not view other submissions.

Crowdsourcing Applications in Health

Crowdsourcing approaches have already been applied to health research, programs, and policy
(Table 2). From a research perspective, crowdsourcing approaches have recruited research
participants, contributed to systematic reviews, and informed clinical trials. Many studies have
used Amazon Turk or other platforms to recruit study participants into online randomized
controlled trials.”-”!-7> While such approaches are often rapid and save money, there are concerns
about generalizability.”* Crowdsourcing has been used to identify potentially relevant citations as
part of systematic reviews. This approach has been found reliable’ and is being piloted as part of
a Cochrane program.’ Finally, crowdsourcing has been used as a tool to inform clinical trials.

Several studies have used crowdsourcing to develop study names, logos, and related materials.>®
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Crowdsourcing has also helped to tailor health programs and make them more people-centered.
Crowdsourcing approaches may localize health program materials, increasing community uptake
and contributing to subsequent scale-up. Crowdsourcing has been used to develop locally
responsive health communication materials (e.g., images, videos, slogans).! Finally,
crowdsourcing has several potential applications for health policy. The open, transparent nature
of crowdsourcing contests could increase trust and facilitate community feedback on future
health policies. Open calls for community feedback have helped to inform youth HIV policy”’
and WHO hepatitis testing guidelines.”® More research and programs are needed to build out the

evidence base supporting crowdsourcing approaches.
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Table 1. Crowdsourcing activities used to improve health: structure and function

Crowdsourcing
activity

Structure

Function

Challenge contests

Open solicitation and
promotion to the public for
contest submissions;
evaluation, celebration, and
sharing of contest

Generate innovative ideas, logos, images,
or videos (e.g., images to increase HIV
testing,”-!47° strategies to promote
hepatitis testing’®)

submissions
Hackathons Short (often 3 days) event Design a technological solution or a
that brings together health service (e.g., design an HIV
individuals around a testing service®?)
common cause
Online Websites or portals that Solve micro-tasks for a small amount of
collaboration allow individuals to solve a | money (e.g., evaluation of surgical
systems problem skills®®)

Table 2. Crowdsourcing applications in health research, programs, and policy

Crowdsourcing Application

Purpose of Crowdsourcing

Examples

Designing health research
studies

Recruiting study participants;
undertaking formative
research for clinical trials

Online research studies;?!
assist with systematic
reviews;”’ solicit community
feedback on HIV cure
research*6-82

Developing health programs

Tailor health programs to be
more people-focused and
inclusive

Developing logos, taglines, or
videos for community health
programs'4

Informing health policy

Directing health policy
towards community-
identified needs

Soliciting youth input on HIV
policy;”” soliciting hepatitis
cases for global guidelines’®
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Table 1. Crowdsourcing activities used to improve health: structure and function

Crowdsourcing
activity

Structure

Function

Challenge contests

Open solicitation and
promotion to the public for
contest submissions;
evaluation, celebration, and
sharing of contest

Generate innovative ideas, logos, images,
or videos (e.g., images to increase HIV
testing,”-!47° strategies to promote
hepatitis testing’®)

submissions
Hackathons Short (often 3 days) event Design a technological solution or a
that brings together health service (e.g., design an HIV
individuals around a testing service®?)
common cause
Online Websites or portals that Solve micro-tasks for a small amount of
collaboration allow individuals to solve a | money (e.g., evaluation of surgical
systems problem skills®®)

Table 2. Crowdsourcing applications in health research, programs, and policy

Crowdsourcing Application

Purpose of Crowdsourcing

Examples

Designing health research
studies

Recruiting study participants;
undertaking formative
research for clinical trials

Online research studies;?!
assist with systematic
reviews;”’ solicit community
feedback on HIV cure
research*6-82

Developing health programs

Tailor health programs to be
more people-focused and
inclusive

Developing logos, taglines, or
videos for community health
programs'4

Informing health policy

Directing health policy
towards community-
identified needs

Soliciting youth input on HIV
policy;”” soliciting hepatitis
cases for global guidelines’®
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