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Background First coined by Howe in 2006, the field of crowd-
sourcing has grown exponentially. Despite its growth and its tran-
scendence across many fields, the definition of crowdsourcing has
still not been agreed upon, and examples are poorly indexed in
peer—reviewed literature. Many examples of crowdsourcing have
not been scaled—up past the pilot phase. In spite of this, crowd-
sourcing has great potential, especially in global health where re-
sources are lacking. This narrative review seeks to review both in-
dexed and grey crowdsourcing literature broadly in order to explore
the current state of the field.

Methods This is a review of reviews of crowdsourcing. Semantic
searches were conducted using Google Scholar rather than indexed
databases due to poor indexing of the topic. 996 articles were re-
trieved, of which 69 were initially identified as being reviews or
theoretically—based. 21 of these were found to be irrelevant and 48
articles were reviewed.

Results This narrative review focuses on defining crowdsourcing,
taxonomies of crowdsourcing, who constitutes the crowd, research
that is amenable to crowdsourcing, regulatory and ethical aspects
of crowdsourcing and some notable examples of crowdsourcing.

Conclusions Crowdsourcing has the potential to be hugely prom-
ising, especially in global health, due to its ability to collect infor-
mation rapidly, inexpensively and accurately. Rigorous ethical and
regulatory controls are needed to ensure data are collected and an-
alysed appropriately and crowdsourcing should be considered com-
plementary to traditional research methods.

“No one knows everything, everyone knows something [and] all knowl-
edge resides in humanity; digitalisation and communication technologies
must become central in this coordination of far flung genius” [1]. Al-
though examples of crowdsourcing and “wisdom of the crowds” have
been reported hundreds of years ago [2,3], the term “crowdsourcing” was
coined in 2006 by Howe in his Wired magazine article [4]. In the article,
Howe defines crowdsourcing as “the act of a company or institution tak-
ing a function once performed by employees and outsourcing it to an
undefined (and generally large) network of people in the form of an open
call” [4] and he adds that “crowdsourcing is the mechanism by which tal-
ent and knowledge is matched to those in need of it” to the definition in
a later article [5]. Since Howe5 article and partially due to the availability
of modern technology [6,7], use of crowdsourcing has skyrocketed [8].
Although research in this area has grown exponentially in the last decade,
many authors feel that the potential of crowdsourcing is still underutilised
and underexploited [5,9-11].

www.jogh.org ® doi: 10.7189/jogh.07.020601

1 DECEMBER 2017 ¢ VOL.7 NO. 2 « 020601




Wazny K.

As crowdsourcing requires, depending on the definition, ‘outsourcing’ a task or tasks to a large crowd
[12], advances in technology have facilitated the efficiency of this method [2,6,13—15]. Indeed, research
that was previously inconceivable due to the scale is now achievable through crowdsourcing [6]. Kama-
jian states that 35% of smart phone users check their phones prior to getting out of bed and, as of 2013,
over 5 billion people worldwide had access to mobile phones [14,16]. Prior to Howe’s Wired article, Lou-
is van Ahn introduced the idea of human computing, where humans are used to solve complex problems
that computers are not capable of [17]. While machine learning has made great strides, computers are
poor at perception; humans can conceptualise, discriminate and filter, learn, adapt using their background
knowledge and apply common sense and experience that machine are unable to do [18]. In addition to
humans actively crowdsourcing data, ubiquitous computing, where computers exist through the physi-
cal environment, are virtually invisible to the user, and act as passive sensors has great potential for gen-
erating large amounts of data [16,18]. Cell phones, for example, can collect photo, video, acoustic, gyro-
scopic, acccelerometric and proximal information and can also be used to add pairing devices to collect
additional information, such as pollution sensors [16]. Crowdsourced spatial analysis from GIS data can
be very useful, especially for providing resources in emergency situations, for delivering logistics and for
efficient targeting of interventions [19].

As individuals are biased towards the correct answer, Buecheler et al. estimate that if a million individu-
als were to contribute towards answering a problem via crowdsourcing, there would be a 97.7% likeli-
hood that the crowd would arrive at the correct answer [20]. While pilot studies have not reached sample
sizes close to that scale, many have had great success in achieving extremely promising results. For ex-
ample, crowdsourcing has been demonstrated to produce accurate results across a range of medical di-
agnostic studies, including malaria, grading images for glaucoma and diabetic retinopathy, skin self—ex-
amination for skin cancers, and images for cancer polyps [21-26].

Despite the interest in the area of crowdsourcing exploding in the past decade, many authors do not agree
on its definition or on what counts as crowdsourcing, with some academics considering Wikipedia a “clas-
sic” example of crowdsourcing, for example, while others insist it is not crowdsourcing [12]. Text and
data mining is another example that is on the fringe of crowdsourcing’s definition.

In addition to there being many definitions of crowdsourcing, many authors have offered different tax-
onomies of crowdsourcing, some focusing on types of crowdsourcing while others focus on its produc-
tion model. Furthermore, there are debates on who participates in crowdsourcing — whether it is layper-
sons, amateurs, professionals, experts, or a combination.

Although crowdsourcing has existed for decades, it is agreed upon that technology has facilitated its
growth. Platforms such as Amazon Mechanical Turk and Crowdflower enable companies to hire workers
to perform crowdsources exercises for extremely low prices. Other crowdsourcing platforms, such as In-
nocentive or Crowdmed, offer a competitive winner—takes—all model. Sensors in wearable technology
have also facilitated the ability to collect mass amounts of information.

Crowdsourcing can increase the accuracy of computer automated tasks, lower costs, increase the scale of
research, transcend boundaries and borders, produce novel discoveries and increase the speed of research
progression, among other benefits. However, there are concerns with the generalisability of the samples,
as the crowd is self—selected, security and data protection issues of sensitive data, and the possibility of
malicious workers. Some studies have added quality protection measures to weed out malicious workers,
such as adding cut—offs for scores on previous tasks and screening questions. Additional regulation is
needed for ethical issues, such as obtaining informed consent and data use policies.

Crowdsourcing has considerable benefits in research, as it has the potential to substantially lower costs
while massively increasing the sample size and researchers can receive the data in real-time [7,16,19,27—
29]. Because of these qualities, crowdsourcing has potential to improve global health research. Indeed,
crowdsourcing is used frequently to set research priorities in global health, most often in maternal, new-
born and child health, due to the popularity of the Child Health and Nutrition Research Initiative’s
(CHNRD method of research priority setting which uses collective opinion to identify and score research
priorities against a set list of criteria [30]. The CHNRI method is becoming the most frequently used re-
search priority setting method due to its transparent, systematic nature; it was designed to capitalise on
the principles of Surowiecki’s “Wisdom of the Crowd,” which will be described in the further in the pa-
per [31]. Furthermore, research in global health faces an even larger burden than research in high—income
countries with regards to funding, logistics, poor existing health care systems, health care workers to col-
lect data, equipment, and patient access to health care, especially in rural or conflict areas [21,32-37]. As
access to mobile phones in low— and middle—income countries is still increasing, crowdsourcing may
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provide a complementary route of data collection to traditional sources, capitalising on structures and
knowledge already in place in the countries [38].

METHODS

As previous authors had reported few search results in indexed journals [10,27,39] and crowdsourcing
is a new method, semantic searches in Google Scholar were used to retrieve both peer—reviewed and grey
literature published on crowdsourcing. “Crowdsourcing” as well as ‘crowdsourcing’ joint with health
terms, such as genetics, diagnosis, epidemiology, surveillance, public health and disease were searched in
August, 2015. Crowdsourcing and global health was searched initially, as well, but the results overlapped
entirely with crowdsourcing and health and crowdsourcing and public health. The titles of results were
scanned until it was clear that results appearing were no longer relevant. Full details of the searches, as
well as the number of pages of Google Scholar results scanned, can be found in Box 1. In total, 995 re-
sults were identified through the Google Scholar search, which is substantially more than any other re-
views have identified. 375 results were discarded as duplicates or irrelevant once abstracts were read.

PAPERS

Results were organised within Endnote into categories, including reviews, theory of crowdsourcing, health,
public planning, GPS-related, translation, robotics, visual perception, logistics of crowdsourcing, which
was broken down into motivations, quality, reliability, stability, and others. This review reports on the pa-
pers reporting on reviews and theory as well as a portion of the health—related papers, as there were 285
health papers and many of their interventions overlapped. Further reviews can be conducted with the
results of the search and organised Endnote library, but are outside the scope of the current review.

The reviews and theoretical papers generally covered the varying definitions of crowdsourcing, taxono-
mies of crowdsourcing, participants, modes of participation, when research is suitable for crowdsourcing,
benefits and concerns with crowdsourcing, recommendations for regulation and quality control, includ-
ing ethical regulations and examples of crowdsourcing,.

DISCUSSION

Defining crowdsourcing

The definition of crowdsourcing as well as some ‘traditional’ examples of crowdsourcing, such as Wiki-
pedia, are highly debated; this is likely due to both the relative newness of the term and the flexibility and
adaptability of the method [1,5,7,8,10-12,20,40-43]. To further complicate authors’ attempts to define
crowdsourcing, there are a variety of related concepts that have been used synonymously, including: cit-
izen science, health 2.0, wisdom of the crowds, peer production, open sourcing, expert sourcing, collec-
tive intelligence, human computation, community—based participatory research, participatory epidemi-
ology, outsourcing and open sourcing [1,3,7,12,43]. While some, like expert—sourcing, are easy to
understand as crowdsourcing with experts, the differences between crowdsourcing and others are more
nuanced.

Three terms, specifically, are used abundantly in literature and often interchangeably with crowdsourcing:
health 2.0, wisdom of the crowds, and citizen science. While applications of crowdsourcing are often a com-
bination of these, especially in the field of health, there are important distinctions between them [5,8,11].

Swan (2012) defines citizen science as non—professionals conducting science—related activities [8]. Non—
professionals can include scientists of professionals who are conducting activities outside their own fields
(so that they are amateurs in that field). All of the examples given by Swan include citizen science at a
mass—scale, and thus are all citizen—science activities that are also using crowds [8]. It may be possible to
imagine an activity in which citizens are acting as scientists, collecting data or participating in an experi-
ment that is not at a mass scale, however, such as if citizens provide feedback in the design of a study at
a small—scale. Therefore, not all citizen science must be crowdsourcing, but much of it will be.

Health 2.0 is defined, also by Swan, as active participation in one’s health care using web 2.0 technolo-
gies [8]. This could include using m—Health applications to track diet and exercise, for example. Using
these applications itself would not be considered crowdsourcing, as data are not necessarily collected and
there is no unified output. However, if data were collected, the act of collecting data from this could be
considered crowdsourcing. Thus, health 2.0 technology can contribute towards crowdsourcing but is not
necessarily crowdsourcing.

www.oghorg * doi: 10.7189/jogh.07.020601 3 DECEMBER 2017 * VOL.7 NO. 2 ¢« 020601



Wazny K.

“Wisdom of the crowds” is another related term. This refers to the use of knowledge of a large crowd of
people and also requires an intelligent crowd. This also differs, slightly, from the term crowdsourcing, as
not all crowdsourcing tasks require knowledge or intelligence. Unlike citizen science and health 2.0, all
‘wisdom of the crowds’ tasks are forms of crowdsourcing, but not all crowdsourcing are necessarily ap-
plications of a ‘wisdom of the crowds.” An example of a task requiring intelligence would be using a crowd
to diagnose malaria cells in blood smears. In this, each participant needs to use their knowledge or intel-
ligence to consider which blood smears contain or do not contain malaria parasites. Some, perhaps argu-
able, examples of crowdsourcing that would not be considered requiring knowledge could be RECAPT-
CHA, passive surveillance such as environmental surveillance using ubiquitous computing and mobile
phones, reporting systems, or text mining. In his book, Surowiecki lists four requirements for an intelli-
gent crowd that are particularly important for crowdsourcing tasks that require knowledge (ie, are ‘wis-
dom of the crowds’ tasks). They are: (i) diversity, which adds perspectives that would otherwise be absent;
(i) independence, limiting the influence of one person’s opinions on others; (iii) decentralisation, to de-
velop tacit, specialised knowledge; and (iv) aggregation, to combine the diverse, independent, knowl-
edgeable opinions of the crowd [31].

In addition to these three terms, crowdsourcing is often contrasted to open sourcing or outsourcing. Al-
though some authors believe that crowdsourcing is a special form of outsourcing [3], many authors con-
clude that the major difference between crowdsourcing and outsourcing is the presence of a contract [10].
In addition, in a crowdsourcing exercise, the organisation or crowdsourcing initiator has the rights to
whatever is produced and the crowd is aware of this [10]. Intellectual property rights are also one of the
major differences between crowdsourcing and open sourcing or peer—production, along with the hierar-
chical structure of crowdsourcing [1,10]. In open—sourcing or peer—production, the product that is being
worked on is free, will remain free and the crowd that is working on it volunteers their labour to make
the free product better. In crowdsourcing, the crowd is volunteering but, if they are contributing to a
product, it is unlikely to be available for free [1]. Furthermore, with open—sourced and peer—production
models, which are usually software, the software and its code are released and coders work and submit
bug fixers as they come up, with no hierarchy. With crowdsourcing, there is a clear call for work.

Crowdsourcing has other key features including a clear, open call for participants and a large crowd. Since
there are many different definitions, Estelles—Arolas et al. reviewed definitions of crowdsourcing and de-
veloped an integrative definition using Tatarkiewiczs approach, which is based on developing a global
definition of the concept of art. In their review, the authors found 8 key qualities of a crowdsourcing def-
inition, namely: a) who forms the crowd; b) what the crowd has to do; ¢) how the crowd is reimbursed,
d) who initiates the crowdsourcing process; e) what the product of crowdsourcing is; f) what type of pro-
cess is used; g) what type of call is used; and h) by what medium the call is made [12].

The integrative definition that the authors devise from their review is [12]:

“Crowdsourcing is a type of participative online activity in which an individual, and institution, a non—
profit organisation, or company proposes to a group of individuals of varying knowledge, heterogeneity,
and number, via a flexible open call, the voluntary undertaking of a task. The undertaking of the task, of
variable complexity and modularity, and in which the crowd should participate bringing their work, mon-
ey, knowledge and/or experience, always entails mutual benefit. The user will receive the satisfaction of
a given type of need, be it economic, social recognition, self—esteem, or the development of individual
skills, while the crowdsourcer will obtain and utilize to their advantage what the user has brought to the
venture, whose form will depend on the type of activity undertaken.”

Although he describes it as a taxonomy rather than a definition, the features of Geiger et al.5 description of
crowdsourcing is similar to Estelles—Arolas et al.s integrative definition. The key features Geiger describes
are: (i) pre—selection of contributors (how ‘open’ the call is, but usually the authors state there are no limits);
(i1) accessibility of peer contributors (whether they can access each other’s contributions); (iii) aggregation
(to what extent the input is used); and (iv) remuneration (fixed, success—based or none) [12,44].

Each feature of Estelles—Arolas et al.5 integrative definition and Geiger et al.’5 taxonomy is discussed below.

Estelles—Arolas et al.’s and Geiger et al.’s

Who forms the crowd (corresponds toGeiger et al.’s (i) pre—selection of contributors)

The majority of authors reviewed by Estelles—Arolas et al. did not provide a distinct definition for their
crowds, instead describing a crowd as a large group of people or individuals, consumers, or volunteers
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[12]. The authors found that the crowds size could vary from a few thousand to several hundred thou-
sand and their skill levels could also vary from being very unskilled, in the case of Amazon Mechanical
Turk (AMT) workers to extremely skilled InnoCentive submitters, who are often hold PhDs [12]. How-
ever, in a study in business management, ideas generated by professionals and laypeople through crowd-
sourcing were compared and those by laypeople were more novel and offered the customer more benefits;
however they were less feasible [14].

In contrast, Brabham specifically examined how authors refer to crowds and found that the majority of
articles refer to crowds as being composed of amateurs [7]. However, he argues that ‘amateurism’ in crowd-
sourcing is a myth, and blames this partially on Howe’s original definition of crowdsourcing. In Brabham’s
review, he found that most crowds were comprised of self-—selected professionals, such as InnoCentive’s
submitters being extremely well-educated, those who submitted advertisements for Doritos’ SuperBowl
advertisement contest were mostly film school students and the majority of iStock Photos’ submitters are
professional photographers [7]. Is amateurism not being paid or lacking access to tools? Brabham cites
Stebbins’ definition of amateurs: “amateurs are guided by standards of excellence set by professionals and
not necessarily inferior, feel an obligation to their pursuit, restrain professions from over—emphasising
technique and from stressing superficialities instead of meaningful or profound work or products” [7].
He contrasts this definition with a definition of amateurs as “one lacking experience” and further argues
that professionalism is a class about status and linked to capitalism. Crowdsourcing, then, represents the
‘race to the bottom’ to allow greater profit margins by falsely positioning who should be described as pro-
fessionals as amateurs and underpaying them for their work [7].

PAPERS

With regards to the demographics of the crowd, Ranard et al.s review found that few articles reported on
demographics and for those that did, the level of demographics reported varied [27]. However, Khare et
al. state that the crowd should be poorly defined and diverse [3]. Brabham believes that there are three
types of diversity necessary: (i) identity; (ii) skills; and (iii) political investment. However, his vision of
identity includes national, sex, gender, race, economic class, disability, religion, among other things [7].
As Surowiecki stated, diversity is important to having a wise crowd [14,31]. Kamajian found that techni-
cal and ‘social marginality’ were beneficial for success in InnoCentive submissions; social marginality was
defined as being female [14].

Geiger et al. aim to classify different types of crowdsourcing processes, and in doing so describe the ‘open-
ness’ of their calls. The authors found that most crowdsourcing processes have a completely open call but
some restrict contributions from participants by using either qualification—based (ie, the contributors need
to have demonstrated a certain level of qualification or skills prior to participating) or context—based (ie,
the participants need to be in a certain demographic) limitations [44].

What the crowd has to do

Estelles—Arolas et al.s review came across a dichotomy regarding the purpose of the crowd; one group of
authors believed that the purpose of the crowd was to complete tasks and the other, to solve problems
[12]. Some authors believe that tasks must be divisible into lower—level tasks in order to be suitable for
crowdsourcing [5,12,28]. Estelles—Arolas et al. conclude that “any non—trivial problem can benefit from
crowdsourcing” [12].

In this review, various authors attempted to make classifications of what crowdsourcing should aim to do.
These are found in Table 1. As one can see, some authors disagree that open innovation and peer pro-
duction fall outside the realm of crowdsourcing. The authors also differ with regards to the level of detail
of their classifications, ranging from a dichotomous classification of microtasks and megatasks [3] to Gei-
ger et al.5 and Saxton et al.5 more detailed classifications of types of crowdsourcing processes [11,44].
However, at its heart, many of the classifications can be conflated to combination of Geiger et al.’s second
and Aitamurto et al.’s classifications: crowd creation; crowd voting (including prediction markets); crowd
processing; crowd rating; crowd solving; and crowd funding. However, crowd funding is the mobilisa-
tion of monetary funds for a common goal and thus is not covered by this review [44,45].

How the crowd is reimbursed (corresponds to Geiger et al.’s remuneration)

Many of the authors in Estelles—Arola et al.’s review identified reimbursement as monetary reimburse-
ment. The range of monetary reimbursement is large, varying from US$ 0.01 for each human intelligence
task (HIT) performed on the AMT platform to millions of dollars for the successful solution chosen from
InnoCentive’s competitions [12]. Geiger et al. look at whether reimbursement is fixed, varied or volun-
tary as a means to classify crowdsourcing projects. AMT projects would have fixed reimbursements, where
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Tahle 1. Classifications of what crowdsourcing should aim to do

Prpic [39] Public health; health promotion; health maintenance; and health research
Kamajian [14] Collection; collaboration; individual decisions; and group decisions
Brabham et al. [9] Knowledge discovery and management (gathering, organising and reporting); distributed human intelligence

tasking problems (ie, AMT); broadcast search (ie, locating a needle in a haystack, Innocentive); and, peer—
vetted creative problem production (ie, Threadless)

Aitamurto et al. [45] (citing Howe) Crowd wisdom; crowd creation; crowd voting (including prediction markets); and crowd funding

Saxton et al. [11] Intermediate (find, finish and earn through the web, ie, AMT); citizen media production; collaborative
software development; digital goods sales (ie, iStock Photo); peer—to—peer social financing (ie, Kickstart-
er); product design (ie, Threadless); consumer reporting; knowledge base building; collaborative science

projects
Khare et al. [3] Microtasks (disseggregated then joined); and mega—tasks (“open innovation”)
Parvanta et al. [46] Crowdfunding; crowd labour; and crowd research
Pedersen et al. [47] Co—creation; crowd creation; crowd voting; crowd wisdom; and crowd funding
Yuen et al. [17] Voting systems; information sharing; games; and creative
Gaiger et al. (a) [44] Integrative sourcing without remuneration (ie, Wikis); selective sourcing without crowd assessment (ie, pri-

vate contributors, public design or innovation contests); selective sourcing with crowd assessment (contests
where the public assesses contributions); integrative sourcing with success—based remuneration (ie, iStock
Photo); and integrative sourcing with fixed remuneration

Geiger et al. (b) [44] Crowd processing (ie, GalaxyZoo); crowd rating (ie, Trip Advisor); crowd solving (ie, FoldIt); and crowd
creation (ie, Threadless)

all members of the crowd are remunerated the same amount for their participation, whereas InnoCentive
employs a success—based remuneration plan [44]. However, both Estelles—Arolas et al. and Geiger et al.
acknowledge that not all crowdsourcing projects pay monetarily, and that monetary remuneration is not
necessarily the primary motivation for the participants. Estelles—Arolas et al.’s review suggests that partici-
pant motivations mirror Maslow’s hierarchy of individual needs: economic reward, social recognition, self—
esteem and development of individual skills. In addition to or in lieu of financial rewards, individuals par-
ticipating in crowdsourcing are able to develop their skills through freelancing, contribute to their
community, have fun, share knowledge and be recognised through their contributions, Parvanta et al. de-
scribe the motivations as the ‘four ;" fun, fulfilment, fame, and fortune [46]. In addition to these, crowd-
sourcing activities such as RECAPTCHA have capitalised on task being integral to another task the user is
trying to access and have been wildly successful [6]. An additional, similar, motivation that Swan identifies
is biocitizenry, in which the crowd participates in order to gain access to studies [8]. Doan and colleagues
suggest that, in addition to those listed above, making users pay for a service, providing ownership situa-
tions or requiring contribution to crowdsourcing through their employment, having instant gratification
or providing an enjoyable experience of a necessary service will motivate a crowd [43]. In their review,
Zhao and Zhu found that only 2/55 studies used motivational theories in designing their interventions
[10]. Zhao and Zhu, Kostkova, and Kittur call for further research into crowd motivation, specifically the
use of serious gaming, auction bidding and understanding crowd behaviour in task selection [10,38,48].

Some authors reviewed mentioned inequities regarding crowd contributions. Parvanta et al. describe a
90%/9%/1% rule for participation, in which 90% of the crowd observes, 9% participates from time—to—
time and 1% participates regularly [46]. This breakdown would be more amenable to a service such as
YouTube or Wikipedia, where observing or viewing a product is an option. Zhao and Zhu, describe super
contributors, contributors and outliers but do not give a percentage of contributions between the three
categories [10]. Holley states that the majority of work is completed by 10% of the crowd and these su-
per contributors are often retirees or young, dynamic professionals [49].

Who initiates the crowdsourcing process

Generally, an institution or organisation initiates the crowdsourcing process with an open call [12]. How-
ever, there have also been instances where the crowdsourcer has been a governmental department, such
as in Iceland [42].

What the product of crowdsourcing is

Many authors reviewed by Estelles—Arolas et al. felt that the initiator receives the result sought for the task
advertised, which was usually the result for a given problem. Others believed the product was either
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knowledge, ideas, or some type of added value [12]. The exact type product of crowdsourcing can be
very diverse and has not been agreed upon, but generally is some type of result that is requested by and
has value to the initiator.

What type of process is used

Estelles—Arolas et al.’s review found many authors who identified crowdsourcing as an outsourcing pro-
cess, specifically referring to AMT while others referred to it as a problem—solving process or a produc-
tion model [12]. As described previously, crowdsourcing differs from open sourcing, outsourcing and
peer—production. Many articles reviewed in this review specifically mentioned the use of online, outsourc-
ing—like mediums, such as AMT [3,6,48] and CrowdFlower [6]. In AMT and CrowdFlower, the initiator
(or crowdsourcer) posts a task and the ‘crowd’ responds and are paid in small quantities for completing
small HITs. Other online platforms use distributed online processes to compete for the best solution, such
as InnoCentive or CrowdMed [27,32]. Advances in mHealth, such as wearable technologies and sensors,

PAPERS

could enable real-time data collection and monitoring from mass amounts of people [38]. Kostkova es-
timates that 75 million wearable technological devices will have been shipped by 2018 and calls for be-
havioural research using these devices [38]. The data from these devices could be considered crowdsourc-
ing if there is a specific call for data. Gamification has also been used to enhance the crowd’s experience
while crowdsourcing and encourage participation [21,50,51]. Finally, another debatable form of crowd-
sourcing could be data mining, using Twitter posts or Google Flu Trends [32,52,53]. However, according
to the definitions of crowdsourcing by both Estelles—Arolas et al. and Geiger et al., data mining would not
be in the realm of crowdsourcing.

What type of call is used

The majority of authors reviewed by Estelles—Arolas et al. refer to an open call as the form of call that
must be made in order to satisfy a crowdsourcing criterion. However, Estelles—Arolas et al. disagree and
use the term ‘flexible open call’ meaning that participation is non—discriminatory but the call is tailored
to the specific initiative and thus, can be limited to a community where there is specific knowledge or
expertise (but anyone in this community can answer) [12].

By what medium the call is made

Estelles—Arolas et al.'s state that of the authors they reviewed, the medium the call was made through was
unanimously agreed upon to be the Internet and Estelles—Arolas et al. agreed [12]. However, as stated
previously, crowdsourcing has existed prior to the Internet, as has wisdom of the crowds. Thus, while the
Internet has enabled crowdsourcing to be used much more effectively and efficiently, it is not necessarily
reliant on the Internet as a medium and could be used over a different medium, though this would be
less efficient.

Box 1. Crowdsourcing Semantic Searches B ) -
Conducted in Google Scholar Geiger et al.’s taxonomy/features of crowdsourcing

1. “Crowdsourcing” Accessibility of peer contributors
a. Up to 25 pages

2. “Crowdsourcing” and “Health” Geiger et al. discuss the degree of which the crowd is able to access each

a. Up to 15 pages other’s contributions to the product as a feature of the crowdsourcing pro-
3. “Crowdsourcing” and “Immunology” cess and have four categories: none, view, assess or modify [44]. In some
a. Up to 5 pages crowdsourcing activities, members of the crowd cannot view each other’s
4. “Crowdsourcing” and “Genetics” contributions at all, while others use a crowd not only to for submissions
a. Up to 9 pages but also to judge which submissions are the best (ie, Threadless). In other
5. “Crowdsourcing” and “Public Health” crowdsourcing exercises, participants can modify each other’s submissions.

2 LD 10 20 PRI For example, Kittur posted a Spanish poem for translation through crowd-

sourcing and the crowd was able to interact with each other, discuss pos-
sible translations and together, the crowd submitted a final, translated

6. “Crowdsourcing” and “Disease”
a. Up to 25 pages

7. “Crowdsourcing” and “Surveillance”

o T 20 e poem. The authors found this translation to be better than the commonly

« - g . accepted English translation [48]. Finally, Geiger et al. found that some
8. “Crowdsourcing” and “Diagnosis i ) ) o ]

a. Up to page 14 crowdsourcing projects allow the crowd to view other submissions prior
to submitting their own [44].
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Aggregation

Aggregation refers to how the responses of the crowd are used by the crowdsourcer. The two major ways
the responses can be used are to be combined or to be selected [44]. InnoCentive, Threadless, and Crowd-
Med, for example, are selective crowdsourcing companies, which choose the best solution or design to a
particular problem. Crowdsourcing projects run on AMT often aggregate or combine solutions from the
crowd as a whole.

The definition from Estelles—Arolas et al. excludes Wikipedia, YouTube and Flickr. Wikipedia is excluded
on the grounds that there is no initiator (crowdsourcing organisation), that the authors do not feel that
the initiator receives benefit, and that there is no open call. YouTube is excluded on the grounds that there
is no clear goal, that the crowdsourcers benefit is not clear, which is arguable as YouTube ‘stars’ receive
compensation for views, that there is no clear initiator, the initiator’s benefit is not clearly defined, the
crowdsourcing process is not participative and there is no open call. Finally, Flickr, which is a photo shar-
ing website, also fails due to lack of a clear goal, lack of clear benefit to the crowd, lack of clear benefit to
the initiator, not being participative and not using an open call [12].

Despite Estelles—Arola et al.s integrative definition, some authors strongly believe websites such as Wiki-
pedia are not only examples of crowdsourcing, but are the classic examples of crowdsourcing [10]. Indeed,
Howe, who ‘coined’ crowdsourcing considers Wikipedia as a classic crowdsourcing example, as do oth-
ers [4,10,20]. Osellas review found that some authors’ definitions of crowdsourcing are so expansive that
they consider the entire Internet a form of ‘crowdsourcing,’” citing O’Reilly and Batelle: “the Web as a whole
is a marvel of crowdsourcing, as are marketplaces such as those on eBay and Craigslist, mixed media col-
lections such as YouTube and Flickr, and the cast personal lifestream collections on Twitter, MySpace, and
Facebook” [5].

When to use crowdsourcing

Many authors reviewed discussed situations that were amenable to crowdsourcing (see Box 2). First,
crowdsourcing should be used in tasks that require humans, ie, where technology either cannot complete
the task or where people can do it better [3,6] and where crowds are better than individuals or experts [6].
But, what specific features would a task need to have to satisfy these broad conditions? Authors have sug-
gested a wide range of conditions which are laid out in Box 2. These features are a combination of theoret-
ical and application—based conditions and are, at times, conflicting. Kamajian reviewed crowdsourcing in
medicine and his suggestions mirror Surowieckis wisdom of the crowds conditions — he believes that the
crowd must have tacit knowledge, be diverse but the problem itself must not be tacit, that the firm must not
have the knowledge (otherwise why is it seeking the crowd?), and he focuses on the likelihood of the crowds
expertise and its diversity [14]. In comparison, Kittur describes applications of crowdsourcing, describing

those typically conducted through AMT, that are ver-

Box 2. Conditions for when to use Crowdsourcing found in review. ifiable, have an objectifiably ‘right’ answer, low cog-
nitive load, and require little expertise are most con-

e Tasks that require humans (i.e. where technology either cannot ducive to crowdsourcing [48]. Kamajian’s and Kittur’s
complete the task or where people can do it better) [3,6] images of ideal crowdsourcing are in direct opposi-

» Crowds are better than individuals or experts [6]

e Firm expertise is low [14]

e Likelihood of crowd expertise is high [14]

e Firm expertise is distant from solution [14]

 Problem is not tacit, immobile, unique or complex [14]

* Relevant experience is diverse [14] As opposed to focusing on characteristics of proj-

- Prolsllem s medhila L) _ _ ects amenable to crowdsourcing, Buecheler and col-
7 IEpEilies i tacit, immobile, unique or diverse [14] leagues describe the characteristics of a principal
« IP for problem is protect, problem is not legally protected [14,45] investigator who would be amenable to taking on a
* No problems with ownership or usage of solution [48] . i

crowdsourcing project. They state that the career

e Problem does not contain sensitive information [5] b Sfacti i |
 Problem divisible into lower—level tasks [5,48] age, Job satislaction, cosmopolitan scale, tenure,

tion to one another. One feature of ‘when to use
crowdsourcing’ that has some agreement is that the
task is divisible into lower—level tasks, though this is
not a necessary condition [5,48].

« Low cognitive load [48] funding, apparatus and time must be considered;
« Problem is fast to complete [48] however, the authors do not give an estimate of
* Task requires little expertise [48] which features within these characteristics are ideal
« Solution is objective and verifiable [48] for crowdsourcing [20].

e Low barriers to entry [48,49]

o oo et waapstiad [5] Other authors gave specific tasks that they felt

crowdsourcing was most suitable for, such as solv-
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ing problems, completing tasks, being creative, developing products or ideas [5]. Castillo believed that
crowdsourcing was ideal for medical imaging research, in particular, while Thawrani and colleagues sug-
gested that researchers should use crowdsourcing to capitalise off medical data to find more specific causes
of illnesses and also to bring processes up—to—date, such as handwritten medical records in India [13,32].

Finally, some authors reviewed gave tips for using crowdsourcing in research. Most importantly, selecting
a clear and appropriate research question was emphasised [2,45,49]. Having a big challenge, and clear,
measurable goals that are communicated to participants was seen as important as this helps motivate the
participants, along with as providing options regarding levels and modes of participation [49]. Finally,
the importance of acknowledging participation was highlighted [49].

Benefits of using crowdsourcing

PAPERS

Benefits identified in the literature review are divided into process—based benefits and results—based ben-
efits, and are displayed in Table 2. Several of these benefits could have fit into both categories. Benefits
include the speed of research progression, low cost, increased accuracy of results, ability to coordinate
with machine—learning and improve algorithms, act as a public advocacy tool, work in emergency situ-
ations, and transcend boundaries and borders. Crowdsourcing is a powerful, flexible tool that can be used
in many situations as a supplement to traditional research. Its mobility and low cost make it ideal for
global health, where barriers such as lack of human resources, funding, conflict areas and baseline epi-
demiological data can create barriers to targeting interventions.

Concerns with crowdsourcing

In spite of its benefits, crowdsourcing is still subject to numerous challenges, regulatory, and ethical is-
sues that need to be addressed, considered, and anticipated prior to designing a crowdsourcing study or
intervention.

Quality assurance issues were the most commonly identified by the articles reviewed. In instances where
a crowd is asked to answer questions where there is no ‘right’ answer, it becomes difficult to verify if re-
sponses are true and not malicious [32,48]. Additionally, there is a debate regarding having untrained
laypersons complete scientific activities that are normally reserved for experts; experts may protest these
activities [8,32]. Finally, concerns were voiced regarding a potential so—called “Hawthorne observer—ex-
pected effect,” wherein which members of the ‘crowd’ acts in a way they feel the researcher may want
them to [56]. Possible solutions for these issues were proposed, including having multi—level reviews.
Here, there are multiple stages to each crowdsourcing task and each task is reviewed multiple times and
aggregated [6] having objectifiable tasks to ‘weed out’ malicious workers or having standards by which

Tahle 2. Benefits of crowdsourcing listed by articles reviewed, divided into process—based benefits and results—based benefits

Process—based benefits * Low—cost alternative to traditional behavioural, epidemiological and sensory research [7,19,27,41,48]

« Large potential scale of participants involved [27]

* Large scale of coverage of potential intervention [16]

* Can raise public awareness [27,32,54,55]

¢ Transcends borders and boundaries [13]

e Can be democratic [7]

 High social robustness [29]
» High mobility [16]
e Able to ‘tap into’ untapped expertise [27]

« Ability to cover unpredictable events [16]

* Widespread software available to enable feasibility [16]

» Some benefits difficult to quantify, such as “value of enthusiastic user” [45]

Results—based benefits * Increased accuracy over or when results combined with machine learning tasks [27]

* Enables high speed of research progression [27,29,48]
* Novel discoveries [7,27,29,32,48]
* Data produced previously unattainable [19]

» Can complete tasks otherwise not possible, including digitizes medical artefacts or notes [32]

* Rewards may accrue more directly [8]

* Possible to detect and respond to disease outbreaks earlier [19]

 Result accuracy has been shown to be equal to or more accurate than traditional research [8,47]

* Results can improve users’ lives [16]

www.oghorg * doi: 10.7189/jogh.07.020601 9 DECEMBER 2017 * VOL.7 NO. 2 ¢« 020601



Wazny K.

workers must fulfil prior to be considered for the task [6,27]. For example, in AMT, workers may have
obtained certain scores in previous tasks.

Regarding sampling, the denominator is rarely known in crowdsourcing tasks and this can pose problems
for analysis [56]. Sampling bias can occur due to inverted sampling [6,8,56] and due to self-reported
data [8]. Luan and Law reported cultural and geographical biases in GIS data reviewed [19]. Addition-
ally, there is likely to be biased samples in comparison to the general population with regards to income,
literacy, age, access to technology and values [19,56].

Other authors cited concerns for security, citing potential loss of data due to a rise of cyber—attacks [38]
or mishandling of sensitive information [32]. Logistical issues cited were specific to platforms or types of
crowdsourcing and included troubles with languages and file formats when data mining, trouble with
battery life usage, competing with prioritisation of other application on mobile devices, and privacy for
ubiquitous computing (sensors in mobile devices) [19] and for AMT, not having proof of payment for
work completed and institutional issues gaining approval [3]. In addition, funding being non—tradition-
al was identified as a barrier for all crowdsourcing research [8].

Regulatory and ethical issues

Despite Thawrani et al.s and other’s concerns that crowdsourcing could compromise anonymity, other
authors were concerned that the anonymity of crowdsourcing could raise ethical concerns [6]. Williams
identified instances in which crowdsourcing may have resulted in the deaths of bloggers and could be
used to falsely identify (or fail to identify) weapons of mass destruction (WMD) in Iran [6]. As crowd-
sourcing is a nascent field, there is no Review Ethics Board (REB) or Institutional Review Board (IRB) pro-
cess specific to it, to the author’s knowledge, despite it being quite different from other methodologies.
Exploitation of both the crowdsourcing worker and of the industries the crowdsourcing is taking place
in are possible, thus REB/IRB review is very important [7,9,29,56]. Informed consent procedures will dif-
fer from general research, as researchers will not have in—person interaction with the participants and will
not necessarily be aware of their levels of reading comprehension. The data use policies could represent
a unique challenge to informed consent if products are used commercially.

Brabham reports that, while currently it is difficult for crowds to organise themselves against unfair la-
bour practices, “crowdslapping” does happen [7]. This is when a crowd ‘Tebels’ against the competition
and is, essentially, a crowd of malicious workers, rallying against the project. A recent example of “crowd-
slapping” is a United Kingdom contest to name an RSS vessel, and the Natural Environment Research
Council intended the boat to be named after an inspiring figure. The winning name was “Boaty McBoat-
face,” which was ultimately rejected in favour of “David Attenborough.” However, a remote undersea ves-
sel was named “Boaty” in memory of the competition [57].

While not considered crowdsourcing by the working definition in this article, text/data mining has unique
ethical issues, especially regarding consent, anonymity and researchers planning to use this method must
consider this, through community engagement or other methods.

Notable (non-medical) examples of crowdsourcing

A second paper [58] will review health-related examples of crowdsourcing. Aside from health—-related
examples, there were over 50 examples of crowdsourcing named in the reviews, with purposes ranging
from public policy [42] to mapping isolationist states [6], assisting with or reporting on human rights is-
sues [6,18], mapping or reporting on the environment [6,27], designing t—shirts [1] or linking families
[49]. Some notable, interesting and successful examples of crowdsourcing in the non—scientific or med-
ical world are described below:

Guardian’s MP expenses

The UK newspaper, the Guardian, utilised crowdsourcing and freedom of information request to have
the crowd comb through Members of Parliaments (MP5) expense claims to look for fraudulent claims.
There were over 500000 expense claims uploaded and over 170000 documents were analysed within
80 hours alone [6]. As a result of this activity, British MPs were convicted of fraud, forced to resign or had
to issue apologies.

Ushahidi

Ushahidi is a SMS— and web—based platform that was created after the Kenyan election in 2007 to report
on election violence [6]. It is an open—sourced platform that combines GIS information with time, allow-
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ing the crowdsourcing initiator to filter by place and time, which makes it ideal in disaster situations [18].
It has been used for elections, violence, corruption and disasters, including reporting cholera after the
Haitian earthquake and in Kenya, Uganda, Nigeria, Haiti, Libya and Egypt [6,53].

GalaxyZoo

GalaxyZoo is a crowdsourcing project that uses volunteers from around the globe to classify galaxies vi-
sually. As of 2013, it had successfully classified nearly 900000 galaxies using hundreds of thousands of
volunteers [27].

Transcribe Bentham

Transcribe Bentham is a project which aims to transcribe works of Jeremy Bentham, a famous utilitarian

PAPERS

philosopher, in order for them to be available to all. There were over 12 000 un—transcribed manuscripts
and the project is based at University College London (UCL) [59].

RECAPTCHA

Captcha stands for “Completely Automated Public Turing test to tell Computers and Humans Apart.”
Louis van Ahn, the father of human computing, extended CAPTCHA, adding an additional word so peo-
ple would need to translate two words; the first was a known ‘anti—bot’ word but the second was from an
archive that needed to be digitalised [60]. In 2009, RECAPTCHA was able to digitalise 20 years of the
New York Times’ archives and 110 years of archives were projected to be completed by the end of 2010
[60].

CONCLUSION

Crowdsourcing is a field that is relatively nascent, yet blossoming. Because of its infancy, researchers have
not yet agreed on its definition or what does or does not constitute its practice. Despite this, several key
qualities have emerged. In order to be considered crowdsourcing, a task must be distributed by an organ-
isation via a flexible open call for the purpose of obtaining some knowledge, idea or added value, through
a medium that’s similar but not an outsourced model. Usually, crowdsourcing employs the Internet,
though this is not necessary. A crowd can be formed by both experts and amateurs, and the crowd can
be rewarded monetarily or through recognition or skill-development. Sometimes the results are aggre-
gated, but in other exercises, the best solution is chosen. In this way, applications of crowdsourcing are
themselves very diverse and it is not surprising that authors have struggled to provide an all-encompass-
ing definition.

Despite the difficulties defining it, crowdsourcing is beneficial both in the process and in the results. It is
often low—cost, rapid, and has the possibility to transcend fields, borders, can coordinate with machine—
learning, raise public awareness and produce novel discoveries. Crowdsourcing could be hugely promis-
ing in global health where resources are low and there is a paucity of data if a concerted effort is made to
bring it to scale, especially through marrying the global health community with crowdsourcing and com-
puter science researchers.

Acknowledgments: T would like to thank Igor Rudan for his support in writing this paper.
Funding: None.

Authorship contribution: KW conceived of the paper, conducted the searches, analysed the information and
drafted the manuscript.

Competing interests: The author has completed the Unified Competing Interest form at www.icmje.org/coi_
disclosure.pdf (available on request from the corresponding author), and declares no conflicts of interest.

www.jogh.org ® doi: 10.7189/jogh.07.020601 11 DECEMBER 2017 « VOL.7 NoO. 2 « 020601



Wazny K.

%9]
]
@]
Z
83|
o
S|
48
8|
(a4

1 Brabham DC. Crowdsourcing as a model for problem solving an introduction and cases. Convergence (London).
2008;14:75-90. doi:10.1177/1354856507084420

2 Nickoloff S. Capsule Commentary on Ranard et al., Crowdsourcing-harnessing the masses to advance health and med-
icine, a systematic review. J Gen Intern Med. 2014;29:186. Medline:24197628 doi:10.1007/s11606-013-2620-0

3 Khare R, Good BM, Leaman R, Su Al, Lu Z. Crowdsourcing in biomedicine: challenges and opportunities. Brief Bioin-
form. 2016;17:23-32. Medline:25888696 doi:10.1093/bib/bbv021

4 Howe J. The rise of crowdsourcing. Wired magazine. 2006;14:1-4.

5 Osella M. A Multi-dimensional approach for framing crowdsourcing archetypes. PORTO — Publications Open Reposi-
tory Torino, Politecnico di Torino; 2014. Available: http://porto.polito.it/2535900/. Accessed: 14 October 2017.

6 Williams C. Crowdsourcing research: A methodology for investigating state crime. State Crime Journal. 2013;2:30-51.
doi:10.13169/statecrime.2.1.0030

7 Brabham DC. THE MYTH OF AMATEUR CROWDS. A critical discourse analysis of crowdsourcing coverage. Inf Com-
mun Soc. 2012;15:394-410. doi:10.1080/1369118X.2011.641991

8 Swan M. Crowdsourced health research studies: an important emerging complement to clinical trials in the public health
research ecosystem. ] Med Internet Res. 2012;14:e46. Medline:22397809 doi:10.2196/jmir.1988

9 Brabham DC, Ribisl KM, Kirchner TR, Bernhardt JM. Crowdsourcing applications for public health. Am J Prev Med.
2014;46:179-87. Medline:24439353 doi:10.1016/j.amepre.2013.10.016

10 Zhao YX, Zhu QH. Evaluation on crowdsourcing research: Current status and future direction. Inf Syst Front. 2014;16:417-
34. doi:10.1007/s10796-012-9350-4

11 Saxton GD, Oh O, Kishore R. Rules of crowdsourcing: Models, issues, and systems of control. Inf Syst Manage. 2013;30:2-
20. doi:10.1080/10580530.2013.739883

12 Estellés-Arolas E, Gonzélez-Ladron-de-Guevara E Towards an integrated crowdsourcing definition. J Inf Sci. 2012;38:189-
200. doi:10.1177/0165551512437638

13 Castillo M. The wisdom of crowds. AJNR Am J Neuroradiol. 2013;34:1863-5. Medline:23292527 doi:10.3174/ajnr.A3417

14 Kamajian SD. How Crowdsourcing & Crowdfunding Are Fueling Health Care Innovation. Osteopathic Family Physi-
cian. 2015;7:26-30.

15 Wiggins A, Crowston K, editors. From conservation to crowdsourcing: A typology of citizen science. System Sciences
(HICSS), 2011 44th Hawaii international conference on; 2011: IEEE.

16 Kanhere SS. Participatory sensing: Crowdsourcing data from mobile smartphones in urban spaces. Distributed comput-
ing and internet technology: Springer; 2013. p. 19-26.

17 Yuen M-C, King I, Leung K-S, editors. A survey of crowdsourcing systems. Privacy, Security, Risk and Trust (PASSAT)
and 2011 IEEE Third Inernational Conference on Social Computing (SocialCom), 2011 IEEE Third International Con-
ference on; 2011: IEEE.

18 Boulos MNK, Resch B, Crowley DN, Breslin JG, Sohn G, Burtner R, et al. Crowdsourcing, citizen sensing and sensor web
technologies for public and environmental health surveillance and crisis management: trends, OGC standards and ap-
plication examples. Int J Health Geogr. 2011;10:67. Medline:22188675 doi:10.1186/1476-072X-10-67

19 Luan H, Law J. Web GIS-based public health surveillance systems: A systematic review. ISPRS Int J Geoinf. 2014;3:481-
506. doi:10.3390/ijgi3020481

20 Buecheler T, Sieg JH, Fuchslin RM, Pfeifer R, editors. Crowdsourcing, open innovation and collective intelligence in the
scientific method-a research agenda and operational framework. ALIFE; 2010.

21 Mavandadi S, Dimitrov S, Feng S, Yu E Sikora U, Yaglidere O, et al. Distributed medical image analysis and diagnosis
through crowd-sourced games: A malaria case study. PLoS One. 2012;7:e37245. Medline:22606353 doi:10.1371/jour-
nal.pone.0037245

22 Ozcan A. Educational games for malaria diagnosis. Sci Transl Med. 2014;6:233ed9. Medline:24760185 doi:10.1126/
scitranslmed.3009172

23 Mitry D, Peto T, Hayat S, Blows P, Morgan J, Khaw T, et al. Crowdsourcing as a screening tool to detect clinical features
of glaucomatous optic neuropathy from digital photography. PLoS One. 2015;10: e0117401. Medline:25692287
doi:10.1371/journal.pone.0117401

24 Brady CJ, Villanti AC, Pearson JL, Kirchner TR, Gupta OPF, Shah CP. Rapid grading of fundus photographs for diabetic
retinopathy using crowdsourcing. J Med Internet Res. 2014;16:175-84. Medline:25356929 doi:10.2196/jmir.3807

25 Gehl R, King AJ, Grossman D, Jensen JD. Crowdsourcing as an innovative communication strategy in early melanoma
detection. Available: https:/pdfs.semanticscholar.org/97e3/7¢c55a93a43774aa64c33a8e94edc6c9ef465.pdf . Accessed:
15 November 2017.

26 Chan C, Holosko MJ. An overview of the use of mechanical turk in behavioral sciences implications for social work. Res
Soc Work Pract. 2016;26:441-8. doi:10.1177/1049731515594024

27 Ranard BL, Ha YP, Meisel ZE Asch DA, Hill SS, Becker LB, et al. Crowdsourcing-harnessing the masses to advance health
and medicine, a systematic review. ] Gen Intern Med. 2014;29:187-203. Medline:23843021 doi:10.1007/s11606-013-
2536-8

28 Kittur A, Chi EH, Suh B, editors. Crowdsourcing user studies with Mechanical Turk. Proceedings of the SIGCHI confer-
ence on human factors in computing systems; 2008: ACM.

29 Prainsack B, Prainsack B, Werner-Felmayer G, Schicktanz S. Understanding participation: the ‘citizen science’ of genet-
ics. Genetics as Social Practice. 2014:147-64.

30 Rudan I, Yoshida S, Chan KY, Sridhar D, Wazny K, Nair H, et al. Setting health research priorities using the CHNRI
method: VII. A review of the first 50 applications of the CHNRI method. J Glob Health. 2017;7:011004. Medline: 28685049
d0i:10.7189/jogh.07.011004

DECEMBER 2017 « VOL.7 NO.2 ¢« 020601 12 www.jogh.org ® doi: 10.7189/jogh.07.020601


https://doi.org/10.1177/1354856507084420
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24197628&dopt=Abstract
https://doi.org/10.1007/s11606-013-2620-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25888696&dopt=Abstract
https://doi.org/10.1093/bib/bbv021
https://doi.org/10.13169/statecrime.2.1.0030
https://doi.org/10.1080/1369118X.2011.641991
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22397809&dopt=Abstract
https://doi.org/10.2196/jmir.1988
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24439353&dopt=Abstract
https://doi.org/10.1016/j.amepre.2013.10.016
https://doi.org/10.1007/s10796-012-9350-4
https://doi.org/10.1080/10580530.2013.739883
https://doi.org/10.1177/0165551512437638
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23292527&dopt=Abstract
https://doi.org/10.3174/ajnr.A3417
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22188675&dopt=Abstract
https://doi.org/10.1186/1476-072X-10-67
https://doi.org/10.3390/ijgi3020481
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22606353&dopt=Abstract
https://doi.org/10.1371/journal.pone.0037245
https://doi.org/10.1371/journal.pone.0037245
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24760185&dopt=Abstract
https://doi.org/10.1126/scitranslmed.3009172
https://doi.org/10.1126/scitranslmed.3009172
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25692287&dopt=Abstract
https://doi.org/10.1371/journal.pone.0117401
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25356929&dopt=Abstract
https://doi.org/10.2196/jmir.3807
https://doi.org/10.1177/1049731515594024
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23843021&dopt=Abstract
https://doi.org/10.1007/s11606-013-2536-8
https://doi.org/10.1007/s11606-013-2536-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28685049&dopt=Abstract
https://doi.org/10.7189/jogh.07.011004

Crowdsourcing

31 Surowiecki J. The wisdom of crowds. New York: Random House; 2004.

32 Thawrani V, Londhe ND, Singh R. Crowdsourcing of Medical Data. IETE Tech Rev. 2014;31:249-53. doi:10.1080/025
64602.2014.906971

33 Chunara R, Chhaya V, Bane S, Mekaru SR, Chan EH, Freifeld CC, et al. Online reporting for malaria surveillance using
micro-monetary incentives, in urban India 2010-2011. Malar J. 2012;11:43. Medline:22330227 doi:10.1186/1475-
2875-11-43

34 Chunara R, Smolinski MS, Brownstein JS. Why We Need Crowdsourced Data in Infectious Disease Surveillance. Curr
Infect Dis Rep. 2013;15:316-9. Medline:23689991 doi:10.1007/s11908-013-0341-5

35 Mutale W, Bond V, Mwanamwenge MT, Mlewa S, Balabanova D, Spicer N, et al. Systems thinking in practice: the cur-
rent status of the six WHO building blocks for health system strengthening in three BHOMA intervention districts of
Zambia: a baseline qualitative study. BMC Health Serv Res. 2013;13:291. Medline:23902601 doi:10.1186/1472-6963-
13-291

36 Leung NH, Chen A, Yadav P, Gallien J. The Impact of Inventory Management on Stock-Outs of Essential Drugs in Sub-Sa-
haran Africa: Secondary Analysis of a Field Experiment in Zambia. PLoS One. 2016;11:e0156026. Medline:27227412
doi:10.1371/journal.pone.0156026

37 Baker U, Peterson S, Marchant T, Mbaruku G, Temu S, Manzi E et al. Identifying implementation bottlenecks for mater-
nal and newborn health interventions in rural districts of the United Republic of Tanzania. Bull World Health Organ.
2015;93:380-9. Medline:26240459 doi:10.2471/BLT.14.141879

38 Kostkova P Grand challenges in digital health. Front Public Health. 2015;3:134. Medline:26000272 doi:10.3389/fpu-
bh.2015.00134

39 Prpic J. Health care crowds: Collective intelligence in public health. 2015. Available: https:/sites.lsa.umich.edu/collec-
tiveintelligence/wp-content/uploads/sites/176/2015/02/Prpic-CI-2015-Abstract.pdf. Accessed: 14 October 2017.

40 Brabham DC. Crowdsourcing the public participation process for planning projects. Plann Theory. 2009;8:242-62.
doi:10.1177/1473095209104824

41 Brabham DC. Motivations for participation in a crowdsourcing application to improve public engagement in transit plan-
ning. J Appl Commun Res. 2012;40:307-28. doi:10.1080/00909882.2012.693940

42 Aitamurto T. Crowdsourcing for democracy: A new era in policy-making. 2012. Available: https://cddrl.fsi.stanford.edw/
sites/default/files/Crowdsourcing_for_DemocracyF_www.pdf. Accessed: 1 July 2017.

43 Doan A, Ramakrishnan R, Halevy AY. Crowdsourcing systems on the World-Wide Web. Commun ACM. 2011;54:86-
96. doi:10.1145/1924421.1924442

44 Geiger D, Seedorf S, Schulze T, Nickerson RC, Schader M, editors. Managing the crowd: Towards a taxonomy of crowd-
sourcing processes. AMCIS; 2011.

45 Aitamurto T, Leiponen A, Tee R. The promise of idea crowdsourcing—benefits, contexts, limitations. Nokia Ideasproject
White Paper. 2011.

46 Parvanta C, Roth Y, Keller H. Crowdsourcing 101 a few basics to make you the leader of the pack. Health Promot Pract.
2013;14:163-7. Medline:23299912 do0i:10.1177/1524839912470654

47 Pedersen J, Kocsis D, Tripathi A, Tarrell A, Weerakoon A, Tahmasbi N, et al, editors. Conceptual foundations of crowd-
sourcing: a review of IS research. System Sciences (HICSS), 2013 46th Hawaii International Conference on; 2013: IEEE.

48 Kittur A. Crowdsourcing, collaboration and creativity. ACM Crossroads. 2010;17:22-6. doi:10.1145/1869086.1869096

49 Holley R. Crowdsourcing: How and why should libraries do it? D-Lib. 2010;16:1-21. doi:10.1045/march2010-holley

50 Susumpow P, Pansuwan P, Sajda N, Crawley AW, editors. Participatory disease detection through digital volunteerism:
how the doctorme application aims to capture data for faster disease detection in Thailand. Proceedings of the compan-
ion publication of the 23rd international conference on World wide web companion; 2014: International World Wide
Web Conferences Steering Committee.

51 Freeman MK. The use of crowdsourcing and the role of game mechanics in identifying erroneous disease burden esti-
mates: University of Washington; 2013.

52 Chunara R, Aman S, Smolinski M, Brownstein JS. Flu near you: an online self-reported influenza surveillance system in
the USA. Online J Public Health Inform. 2013. doi:10.5210/0jphi.v5i1.4456

53 Freifeld CC, Chunara R, Mekaru SR, Chan EH, Kass-Hout T, Tacucci AA, et al. Participatory epidemiology: Use of mo-
bile phones for community-based health reporting. PLoS Med. 2010;7:e1000376. Medline:21151888 doi:10.1371/jour-
nal.pmed.1000376

54 Merchant RM, Asch DA, Hershey JC, Griffis H, Hill S, Saynisch O, et al. Abstract 57: A crowdsourcing, mobile media,
challenge to locate automated external defibrillators. Circulation. 2012;126:A57.

55 Merchant RM, Asch DA, Hershey JC, Griffis HM, Hill S, Saynisch O, et al. A crowdsourcing innovation challenge to lo-
cate and map automated external defibrillators. Circ Cardiovasc Qual Outcomes. 2013;6:229-36. Medline:23481522
doi:10.1161/CIRCOUTCOMES.113.000140

56 Weiner M. The potential of crowdsourcing to improve patient-centered care. Patient. 2014;7:123-7. Medline: 24671920
doi:10.1007/540271-014-0051-6

57 Friedman U. The lessons of Boaty McBoatface. Atlantic. 2016. Available: https://www:.theatlantic.com/international/ar-
chive/2016/05/boaty-mcboatface-parliament-lessons/482046/. Accessed: 1 July 2017.

58 Wazny K. Applications of Crowdsourcing in Health: An Overview. J Glob Health. 2017 in press.

59 Oomen ], Aroyo L, editors. Crowdsourcing in the cultural heritage domain: opportunities and challenges. Proceedings
of the 5th International Conference on Communities and Technologies; 2011: ACM.

60 Schenk E, Guittard C, editors. Crowdsourcing: What can be Outsourced to the Crowd, and Why. Workshop on Open
Source Innovation, Strasbourg, France; 2009.

PAPERS

www.jogh.org ® doi: 10.7189/jogh.07.020601 13 DECEMBER 2017 « VOL.7 NoO. 2 « 020601


https://doi.org/10.1080/02564602.2014.906971
https://doi.org/10.1080/02564602.2014.906971
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22330227&dopt=Abstract
https://doi.org/10.1186/1475-2875-11-43
https://doi.org/10.1186/1475-2875-11-43
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23689991&dopt=Abstract
https://doi.org/10.1007/s11908-013-0341-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23902601&dopt=Abstract
https://doi.org/10.1186/1472-6963-13-291
https://doi.org/10.1186/1472-6963-13-291
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27227412&dopt=Abstract
https://doi.org/10.1371/journal.pone.0156026
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26240459&dopt=Abstract
https://doi.org/10.2471/BLT.14.141879
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26000272&dopt=Abstract
https://doi.org/10.3389/fpubh.2015.00134
https://doi.org/10.3389/fpubh.2015.00134
https://doi.org/10.1177/1473095209104824
https://doi.org/10.1080/00909882.2012.693940
https://doi.org/10.1145/1924421.1924442
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23299912&dopt=Abstract
https://doi.org/10.1177/1524839912470654
https://doi.org/10.1145/1869086.1869096
https://doi.org/10.1045/march2010-holley
https://doi.org/10.5210/ojphi.v5i1.4456
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21151888&dopt=Abstract
https://doi.org/10.1371/journal.pmed.1000376
https://doi.org/10.1371/journal.pmed.1000376
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23481522&dopt=Abstract
https://doi.org/10.1161/CIRCOUTCOMES.113.000140
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24671920&dopt=Abstract
https://doi.org/10.1007/s40271-014-0051-6

