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OBJECTIVE: Crowdsourcing research allows investiga-
tors to engage thousands of people to provide either data
or data analysis. However, prior work has not document-
ed the use of crowdsourcing in health and medical
research. We sought to systematically review the litera-
ture to describe the scope of crowdsourcing in health
research and to create a taxonomy to characterize past
uses of this methodology for health and medical research.
DATA SOURCES: PubMed, Embase, and CINAHL
through March 2013.

STUDY ELIGIBILITY CRITERIA: Primary peer-
reviewed literature that used crowdsourcing for health
research.

STUDY APPRAISAL AND SYNTHESIS METHODS: Two
authors independently screened studies and abstracted
data, including demographics of the crowd engaged and
approaches to crowdsourcing.

RESULTS: Twenty-one health-related studies utilizing
crowdsourcing met eligibility criteria. Four distinct types
of crowdsourcing tasks were identified: problem solving,
data processing, surveillance/monitoring, and surveying.
These studies collectively engaged a crowd of >136,395
people, yet few studies reported demographics of the
crowd. Only one (5 %) reported age, sex, and race
statistics, and seven (33 %) reported at least one of these
descriptors. Most reports included data on crowdsourcing
logistics such as the length of crowdsourcing (n=18, 86 %)
and time to complete crowdsourcing task (n=15, 71 %).
All articles (n=21, 100 %) reported employing some
method for validating or improving the quality of data
reported from the crowd.

LIMITATIONS: Gray literature not searched and only a
sample of online survey articles included.
CONCLUSIONS AND IMPLICATIONS OF KEY FINDINGS:
Utilizing crowdsourcing can improve the quality, cost, and
speed of a research project while engaging large segments
of the public and creating novel science. Standardized
guidelines are needed on crowdsourcing metrics that
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should be collected and reported to provide clarity and
comparability in methods.
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INTRODUCTION

Crowdsourcing is an approach to accomplishing a task by
opening up its completion to broad sections of the public.
Innovation tournaments, prizes for solving an engineering
problem, or paying online participants for categorizing
images are examples of crowdsourcing. What ties these
approaches together is that the task is outsourced with little
restriction on who might participate. Despite the potential of
crowdsourcing, little is known about the applications and
feasibility of this approach for collecting or analyzing
health and medical research data where the stakes are high
for data quality and validity.

One of the most celebrated crowdsourcing tasks was the
prize established in 1714 by Britain’s Parliament in the
Longitude Act, offered to anyone who could solve the problem
of identifying a ship’s longitudinal position.' The Audubon
Society’s Christmas Bird Count began in 1900 and continues to
this day as a way for “citizen scientists” to provide data that can
be used for studying bird population trends.” However, today
the world has 2.3 billion Internet users and 6 billion mobile
phone subscriptions,’ providing access that facilitates
crowdsourcing to a much greater extent than was available to
Britain’s Parliament and the Longitude Act. The Galaxy Zoo
project (galaxyzoo.org) successfully classified nearly 900,000
galaxies with the help of hundreds of thousands of online
volunteers. The simple visual classification was easily
performed by humans but not by computers.* Other examples
include Whale.fm (whale.fm), which has almost 16,000 whale

187



188 Ranard et al.: Crowdsourcing in Health and Medical Research JGIM

calls that volunteers are classifying® in order to help process
large data sets that have become unmanageable for researchers
alone to classify.® The online platform eBird (ebird.org)
collected more than 48 million bird observations from well
over 35,000 contributors.”®

While this prior work illustrates the promise of crowd-
sourcing as a research tool, little is known about the types of
questions crowdsourcing is best suited to answer and about the
limitations of its use. Health research in particular requires
high standards for data collection and processing, tasks
traditionally conducted by professionals and not the public.
Furthermore, human health research often requires protections
for privacy and against physical harm. To better understand
the potential of crowdsourcing methods in health research, we
conducted a systematic literature review to identify primary
peer-reviewed articles focused on health-related research that
used crowdsourcing of the public. Our aim was to characterize
the types of health research tasks crowdsourcing has been used
to address and the approaches used in order to define future
opportunities and challenges.

METHODOLOGY

Data Sources and Searches

Definitions. Crowdsourcing was defined as soliciting over
the Internet from a group of unselected people, services and
data that could not normally be provided solely by
automated sensors or computation lacking human input.
Crowdsourcing participants had to be actively engaged in
the crowdsourcing task and not simply passively have their
data mined without their knowledge.

Health research was defined as research that contrib-
utes to the World Health Organization’s definition of
health: “a state of complete physical, mental and social
well-being and not merely the absence of disease or
infirmity.””

Systematic Literature Search. A systematic literature search
was performed on March 24, 2013, by searching PubMed,
Embase, and CINAHL using the following Boolean search
string: crowdsourc* OR “crowd source” OR “crowd sourcing”
OR “crowd sourced” OR “citizen science” OR “citizen
scientist” OR “citizen scientists.” Articles underwent a
multistage screening process whereby results were pooled
and duplicates were removed. Two reviewers (BR and RM)
screened abstracts for relevance and then screened full-text
articles to confirm eligibility criteria. Two literature-informed
database searches were performed to identify additional
studies. Authors of published papers meeting eligibility
criteria are likely to be experts in their field. As a result,
PubMed was searched using the full names of first

authors of all papers meeting eligibility criteria. Two
common crowdsourcing platforms used by articles meeting
manuscript criteria were Amazon Mechanical Turk (AMT)
(mturk.com) and Foldit (fold.it). Therefore, a literature-
informed search of all three databases was performed by
including the terms “mechanical turk” and “foldit.” Reference
lists of articles meeting eligibility criteria were reviewed to
identify additional articles, as were relevant review articles that
were returned by the database search. Project websites that
were specifically cited by references were manually searched
for relevant publications.

Crowdsourced Literature Search. A crowdsourced search
for literature was performed by posting an open call for articles
on two free websites: Yahoo! Answers (answers.yahoo.com)
and Quora (quora.com). The title used in the question was:
“Crowdsourcing: published literature on crowdsourcing in
health/medicine?” and the body of the question was: “What
scientific research articles in health/medicine have been
published that use crowdsourcing in part or in whole to
achieve their research objectives?”” Results were collected after
seven days. Responders consented to allow use of provided
references.

Study Selection. Studies were included if they met the
following criteria: (1) primary peer-reviewed journal article
representing original health research; (2) methodology and
results provided; and (3) citizen crowdsourcing used by
scientists to obtain at least part of the results. Excluded were
studies soliciting opinions only from other experts (i.e.,
experts collaborating with each other), abstracts, editorials,
and wikis that existed simply to create content but not
to answer a specific research question with original data.
Also excluded were papers that used an Internet survey
that did not contain any of the original crowdsourcing
keywords from our Boolean search string in the title or
abstract of the paper. Behavioral research has been conducted
via the Internet through Internet surveys for over 15 years,'”
and therefore this is not a particularly novel research method.
We included the surveys returned by our database search to
provide a few examples from the field.

Data Extraction and Quality Assessment. Two reviewers
independently extracted data (BR and YH). The following
data were extracted from articles (including participant
data items recommended by the Cochrane Handbook
checklist'"): study background information (title, author,
publication year, research field, methodology type, study
objective, study outcome), demographic and other
characteristics of the crowd (size of the crowd, age,
gender, racial/ethnic background, geographic location,
occupation, education, relationship to the research problem,
referral source, stated conflict of interest, motivation), and the
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logistics of the crowdsourcing [length of time crowdsourcing
was conducted, use of a web platform and/or a mobile
platform, use of individuals compared to teams, intracrowd
sharing techniques (such as team wiki or forum), data
collected or processed, complexity of the task, time
given to do the task, advertisement of project, skill set
required, monetary incentives offered, and data validation
techniques]. Additional extracted data included the viewer-to-
participant ratio, reflecting how many people saw the task
(or website with the task) to how many people completed the
task.

Data Synthesis and Analysis. Summary statistics were used
to describe the number of studies reviewed and to
characterize the data extracted from these studies.

This study was approved by the University of Pennsylvania
Institutional Review Board.

RESULTS
Systematic Literature Search

There were 231 unique articles identified from the initial
database and crowdsourced search and 209 articles identified
in the literature-informed database search. Of the 440 articles,
76 articles underwent a full-text review. Sixteen of these
articles met eligibility criteria. Five additional articles were
identified from reference lists of eligible articles (Fig. 1). The
final article cohort consisted of 21 unique health research-
related primary peer-reviewed publications that used
crowdsourcing as a methodology'*>? (Table 1).

Study Characteristics

We identified four types of research tasks that articles in
our cohort employed crowdsourcing to accomplish:
problem solving, data processing, surveillance/monitor-
ing, and surveying (Appendix Fig. 2 and Appendix
Table 4).

Problem Solving

Seven of 21 articles (33 %) from the final cohort employed
crowdsourcing for problem solving. Six of these used
Foldit, an online game that allows users to manipulate the
three-dimensional structures of proteins in order to find the
most likely tertiary structure.'*'*!" 192! Also described
was the online game Phylo, where users moved colored
blocks representing different nucleotides of a gene promoter
sequence around on screen in order to make the most
parsimonious phylogenetic tree.”

Data Processing

Crowdsourcing was used to provide data processing in 7
of 21 articles (33 %). Three papers used AMT, a service
from Amazon.com that allows individuals to create
accounts and sign up to do an online task in exchange
for payment. AMT Knowledge Workers (KWs) classi-
fied polyps in computer tomography (CT) colonography
images®® and then were asked questions to gauge how
to optimize presentation of the polyps.”’” AMT was also
used to annotate public webcam images to determine
how the addition of a bike lane changed the mode of
transportation observed in the images.’’ Three manu-
scripts reported on two independent games that used
crowdsourcing to either identify red blood cells (RBCs)
infected with”>® or thick blood smears containing*
malaria parasites (Plasmodium falciparum). The final
paper in the data processing category attempted to use
the crowd to update the literature and evidence covered
by a systematic review.'¢

Surveillance/Monitoring

Surveillance/monitoring was employed in 3 of 21 (14 %)
studies. One of the papers used AMT to ask users about
their malaria symptoms in order to assess malaria preva-
lence in India.”® Another used a mobile phone application
that allowed users to report potential flu-like symptoms
along with GPS coordinates and other details, which
enabled researchers to chart incidence of flu symptoms that
matched relatively well with Centers for Disease Control
and Prevention data.'* The last paper created a map of
automated external defibrillators (AEDs) by having users of
a mobile phone application locate and take pictures of
AEDs.””

Surveying

Crowdsourcing to conduct surveys was reported in 4 of
21 (19 %) papers. All four used AMT to administer
surveys. One study allowed surveyors to include a more
diverse population than the typical university research
subject pool while maintaining reliability (as measured
by Cronbach’s coefficient alpha).'> A second study used
AMT to study the human decision-making process and
showed that AMT replicated previous laboratory find-
ings, indicating that it may be a good platform for
future decision-making studies.””> A third study used
AMT to administer surveys about health promotional
materials and solicit feedback.”” The last study used
KWs as subjects for cognitive behavioral tests adminis-
tered through AMT.*°
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Figure 1. Results of the systematic literature search for health-related crowdsourcing studies. This figure shows the results of the systematic
literature search for primary peer-reviewed articles that used crowdsourcing for health research.

Crowdsourcing Logistics

The length of the crowdsourcing study was mentioned in 18
of 21 (86 %) studies and varied from <2 hours to 10 months.
Teams were used in 6 of 21 (29 %) studies, and intracrowd
sharing was allowed in 7 of 21 (33 %) of studies. Monetary
incentives were offered in 9 of 21 (43 %) studies and
ranged from $0.01 USD to $2.50 USD per task, with many
studies offering bonuses for either good completion or
as a raffle/prize. The reported size of the crowd engaged
in studies ranged from 5 to >110,000 people, with
>136,395 people collectively engaged. Eleven of 21 studies
(52 %) reported what advertising was used to attract
participants.

All articles (100 %) reported employing some method for
validating or improving the quality of data reported from
the crowd. The types of validation techniques varied from
inserting random questions with known answers into the
task to screen for users who were incorrectly marking
answers to comparing responses among multiple users and
discarding outliers (Table 2).

Demographics of the Crowd

Reporting of the demographics of the crowd varied widely,
with studies reporting crowd size (16/21, 76 %), age (7/21,
33 %), gender (5/21, 24 %), race (1/21, 5 %), geographic
location (10/21, 48 %), occupation (4/21, 19 %), education
(3/21, 14 %), relationship to the research question (4/21,
19 %), referral source (2/21, 10 %), conflict of interest (2/
21, 10 %), reported motivation (3/21, 14 %), and viewer-to-
participant ratio (4/21, 19 %). One (5 %) study reported age,
sex, and race, and seven (33 %) studies reported at least one of
these three descriptors (Table 3).

DISCUSSION

This is the first study to identify the types of crowdsourcing
tasks used in primary peer-reviewed health research. This
study has three main findings. First, we identified only 21
articles reflecting the use of crowdsourcing for health-
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Table 1. Study Background Information

Reference Research field Methodology Objective Outcome
no. type
1 Molecular Observational ~ To evaluate whether players of the online protein Several protein structures submitted to the CASP8
biology folding game Foldit could find solutions to protein structure prediction competition ranked
protein structure prediction problems in the top 3 of all submitted entries, indicating
that “the game has been designed in such a way
that players can use it to solve scientific
problems”
2 Molecular Observational  To determine whether Foldit players could solve Foldit players were able to solve “challenging
biology complex protein structure prediction problems  [protein] structure refinement problems” and
outperform the Rosetta computer algorithm on
some problems
3 Epidemiology ~ Observational To track an influenza outbreak by using data Crowdsourced aggregated metric available in near
submitted by users of a mobile phone real time “correlated highly” with CDC
application influenza metrics available after a minimum 1
week lag following data collection
4 Psychology Survey To examine the feasibility of using AMT “Crowdsourcing respondents were older, were
respondents instead of the traditional more ethnically diverse, and had more work
undergraduate participant pool for survey experience” and “reliability of the data...was
research as good as or better than the corresponding
university sample”
5 Human Observational To determine whether a scoping systematic A total of 6 contributions were made to the wiki,
behavior review on asynchronous telehealth could be but “none of the contributions enhanced the
kept up to date through crowdsourcing evidence base of the scoping review”
6 Molecular Observational To evaluate the “potential of automation in a “Players take advantage of social mechanisms in
biology social context for propagating the expert skills the game to share, run, and modify recipes”
of top Foldit players and increasing the overall  indicating “potential for using automation tools
collective problem solving skills” to disseminate expert knowledge”
7 Molecular Observational ~ To determine whether Foldit players could solve Players of the online game Foldit were able to
biology the structure of a retroviral protease solve a retroviral protease structure that had
remained unsolved by automated methods
8 Molecular Observational To determine whether structured collaboration 5,400 different folding strategies were made by
biology among individual Foldit players could produce  the Foldit community. By sharing and
better folding algorithms recombining successful “recipes” two dominant
recipes emerged that outperformed previously
published methods and bore “striking similarity
to an unpublished algorithm developed by
scientists over the same period”
9 Epidemiology  Survey To use AMT to determine whether micro- “This methodology provides a cost-effective way
monetary incentives and online reporting could  of executing a field study that can act as a
be harnessed for public health surveillance of complement to traditional public health
malaria surveillance methods”
10 Molecular Observational To determine whether crowdsourcing could be  The Foldit community was able to “successfully
biology used to remodel a computationally designed guide large-scale protein design problems” and
enzyme produced an “insertion, that increased enzyme
activity >18-fold”
11 Human Survey To use AMT to study the relationship between ~AMT “findings were validated through the
behavior delay and probability discounting in human replication of a number of previously
decision-making processes established relations” and the present study
showed that “delay and probability discounting
may be related, but are not manifestations of a
single construct (e.g., impulsivity)”
12 Comparative Observational To determine whether players of the online game A complex scientific problem was successfully
genomics Phylo could improve the multiple sequence embedded into the “casual” online game Phylo
alignment of the promoters of disease-related (much of the science was “hidden” leaving just
genes a puzzle for users to work on). Players were
able to improve multiple sequence alignment
accuracy in “up to 70 % of the alignment blocks
considered”
13 Pathology/ Observational To determine whether players of the online game By combining player inputs, “nonexpert players
hematology MalariaSpot could accurately identify malaria achieved a parasite counting accuracy higher
parasites in digitized thick blood smears than 99 %”
14 Pathology/ Observational To determine whether players of an online game Crowdsourcing resulted in a “diagnosis of malaria
hematology could accurately identify RBCs infected with infected red blood cells with an accuracy that is
malaria parasites in digitized thin blood smears  within 1.25 % of the diagnostics decisions made
by a trained medical professional”
15 Pathology/ Observational To expand on a prior small scale experiment by 989 previously untrained gamers from 63
hematology determining whether players of a large-scale countries made more than 1 million cell

online game could identify RBCs infected with
malaria parasites

diagnoses with a “diagnostic accuracy level that
is comparable to those of expert medical
professionals”
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Table 1. (Continued)

Reference Research field Methodology Objective QOutcome

no. type

16 Radiology Observational To determine whether AMT could be used to “Numerous parallels between the expert
conduct observer performance studies to radiologist and the [knowledge workers]” were
optimize systems for medical imaging observed, pointing to the potential to cheaply test
applications and to find out if the results were  and optimize systems on the crowd before use
applicable to medical professionals with physicians

17 Radiology Observational  To determine whether AMT KWs with minimal “The performance of distributed human
training could correctly classify polyps on CT intelligence is not significantly different from
colonography images that of [computer-aided detection] for colonic

polyp classification”

18 Public health Survey To determine whether crowdsourcing could be  AMT provided an “effective method for recruiting
used to solicit feedback on oral health and gaining feedback from English-speaking
promotional materials and Spanish-speaking people” on health

promotional materials

19 Psychology Survey To determine whether classic behavioral “Data collected online using AMT closely resemble
cognitive experiments that require complex data collected in the lab under more controlled
multi-trial designs could be replicated using situations” for many of the experiments
AMT

20 Public health Observational ~ To determine whether crowdsourcing could be used “Publicly available web data feeds and crowd-
to annotate webcam images for analysis of sourcing have great potential for capturing
behavioral modifications in active transportation ~ behavioral change associated with built
following built-environment change environments”

21 Public health Observational To determine whether crowdsourcing could be  Crowdsourcing generated “the most

used to create a map of AED locations

comprehensive AED map within a large

metropolitan US region reported in the peer-
reviewed literature” with 1,429 AEDs identified

Reference number key

1- (Cooper et al., 2010)"?

2- (Cooper et al., 2010)"

3- (Freifeld et al., 2010)"

4- (Behrend et al., 2011)"

5- (Bender et al., 2011)"°

6- (Cooper et al., 2011)"7

7- (Khatib et al., 2011)"°

8- (Khatib et al., 2011)"°

9- (Chunara et al., 2012)°°
10- (Eiben et al., 2012)"

11- (Jarmolowicz et al., 2012 22
12- (Kawrykow et al., 2012)%
13- (Luengo-Oroz et al., 2012)**
14- (Mavandadi et al., 2012)%
15- (Mavandadi et al., 2012)°°
16- (McKenna et al., 2012)°7
17- (Nguyen et al., 2012)°%
18- (Turner et al., 2012)*°

19- (Crump et al., 2013)%°

20- (Hipp et al., 2013)*

21- (Merchant et al., 2013)%*

related research. Second, we found that these studies used
crowdsourcing for four different principal objectives and
that there are several advantages to utilizing crowdsourcing.
Third, we found considerable variability in how the
methods of crowdsourcing were reported.

While citizen science has been in existence for more than a
century and crowdsourcing has been used in science for at
least a decade, crowdsourcing has been utilized primarily by
non-medical fields, and little is known about its potential in
health research. Every health field from studying chronic
diseases to global health has a potential need for human
computing power that crowdsourcing could fill in order to
accelerate research. Prior work has heralded crowdsourcing as
a feasible method for data collection, but a clear roadmap for

the types of questions crowdsourcing could answer and the
ways it could be applied has been lacking. Understanding how
crowdsourcing has been used successfully in health research is
crucial to understanding where crowdsourcing fits in the
health care space, especially when there may be higher
standards or tighter regulations for data quality and validity
compared to the science fields that were early adopters.

The limited number of articles using crowdsourcing is
surprising given the potential benefits of this approach.
Although we identified 21 articles, most of which used
crowdsourcing successfully, crowdsourcing clearly is not
used pervasively in health research, and it is important to
understand the quality of data it provides. Even though the
use of crowdsourcing in health research is in its infancy, the
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papers we identified successfully used crowdsourcing to
solve protein structure problems,'® improve alignment of
promoter sequences,” track HIN1 influenza outbreaks in
near real time,'* classify colonic polyps,””*® and identify
RBCs infected with Plasmodium falciparum parasites.”*2°
Furthermore, as Mavandadi et al. point out, one way around
the problem of involving lay people in making a medical
diagnosis is to use crowdsourcing to distill the data for a
medical professional, who can then make the final
decision. For example, a pathologist must look at more
than 1,000 RBCs to rule a sample negative, but if
crowdsourcing identifies RBCs that are infected, all a
pathologist has to do is officially confirm the diagnosis
with a single image.”> This could be especially useful in
resource-poor areas.

Crowdsourcing used for health research has been
employed to accomplish one of four main categories of
tasks: problem solving, data processing, surveillance/mon-
itoring, and surveying. Data from existing studies show that
crowdsourcing has the potential to beneficially address the
following points: quality, cost, volume, speed, and novel
science. Crowdsourcing has been demonstrated to be a
viable way to increase the accuracy of computer recog-
nition of RBCs infected with malaria parasites® (qual-
ity), be a low cost alternative to more traditional
behavioral research and epidemiology studies'>2%*%°
(cost), engage over one hundred thousand people in a
research problem'* (volume), allow research to progress
much faster than if processed by investigators alone'*'>-2%22~
242632 (speed), and produce new scientific discover-
jes! 18192123 (hovel science).

Additionally, there is the advantage of an untapped
expertise of the crowd. Even though these crowdsourced
projects are not asking scientific experts to participate,
participants have been found to be experts at puzzles and
problem solving, which would make them specifically
adept at solving protein structures in Foldit'>!3:17-19:21
and solving multiple sequence alignment with Phylo.*?
Presumably, among members of the public one could find
experts at many different tasks, especially when the task is
presented as a game that benefits science. Finally,
crowdsourced projects raise public awareness about the project
and about science in general.

The papers identified in this study varied widely in the
amount and type of data that were reported about the crowd
and the experimental setup. Crowdsourcing articles rarely
reported data about the demographics of the crowd participat-
ing, including information standard to most clinical trials such
as the size of the cohort, age, gender, and geographic
location.'" These data and others such as motivation for
participation, education, and occupation are crucial for
understanding the people involved in the research. Ideally,
all papers that use crowdsourcing should include at a
minimum data regarding the demographics and logistics of

data collection (Appendix Table 5). If collected in the future,
these data would provide crucial information to help the
scientific community understand how the crowd works
and how to best maximize the use of crowdsourcing.
However, the crowdsourcing methodology for health
research is in an early phase of development, and there
is additional work to be done to develop these methods
and related reporting standards.

When thinking of conducting a crowdsourced study, it
may be difficult to choose or create the most appropriate
platform. In some cases researchers used their own
custom platforms and in others they employed AMT.
We examined studies that employed the crowd to perform
crowdsourced tasks; however, there are also platforms
that allow one to post a “challenge” and offer a monetary
reward for the best solution. Kaggle (kaggle.com) allows
scientists and others to post complex data analysis
problems along with monetary rewards for the best
solution,® and InnoCentive (innocentive.com) is a more
general platform that allows prizes to be posted for any
sort of research and development problem.** It is also
worth noting that crowdfunding websites have become
popular and may be a potential way to fund research
projects. Examples include RocketHub (rockethub.com)
and Petridish (petridish.org).*’

Although we conducted a review of references and
review articles in addition to a crowdsourced search for
literature, our results do not include all articles. Posting a
survey on the Internet (collecting research data about
Internet users themselves by having them answer ques-
tions or perform tasks) has been around for >15 years'®
and therefore is not a novel research method. Our review
only includes a sample of projects that used the Internet to
survey participants. This specific type of crowdsourcing
has been reviewed elsewhere.’® Additionally, there are
other types of research that are sometimes referred to as
crowdsourcing but do not meet our definition of
crowdsourcing. They involve investigators mining data
that have been generated by users, but generally not for
research purposes, such as estimating influenza activity by
analyzing Twitter (twitter.com) posts.”’ Other examples
reviewed elsewhere include investigators mining data or
surveying online communities such as PatientsLikeMe
(patientslikeme.com) and 23andMe (23andme.com).>® Our
search did not include gray literature or searching the
Internet using a search engine. The goal of the study,
however, was to characterize primary peer-reviewed
health research. While several projects may be featured
on the World Wide Web and science magazines, it is
imperative that projects are published in academic
journals so that the scientific community can validate
the methods and demonstrate the varied, interesting, and
successful uses of crowdsourcing in health and medical
research.
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CONCLUSION

Crowdsourcing has been used to help answer important
health-related research questions. Utilizing crowdsourcing
can improve the quality, cost, and speed of a research
project while engaging large segments of the public and
creating novel science. This methodology serves as an
alternative approach for studies that could benefit from
large amounts of manual data processing, surveillance
conducted by people around the world, specific skills
that members of the public may have, or diverse subject
pools that can be surveyed at low cost. In this
systematic review, we identified four types of research
needs that have been addressed by crowdsourcing and
specify criteria that future studies should meet in order
to help standardize the use of crowdsourcing in health
and medical research.
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Table 4. Category of Research Task Crowdsourcing was Utilized to Accomplish

Ref Title Category

no.

1 The challenge of designing scientific discovery games Problem solving

2 Predicting protein structures with a multiplayer online game Problem solving

3 Participatory epidemiology: use of mobile phones for community-based health reporting Surveillance/
monitoring

4 The viability of crowdsourcing for survey research Survey

5 Collaborative authoring: a case study of the use of a wiki as a tool to keep systematic reviews up to date Data processing

6 Analysis of social gameplay macros in the Foldit cookbook Problem solving

7 Crystal structure of a monomeric retroviral protease solved by protein folding game players Problem solving

8 Algorithm discovery by protein folding game players Problem solving

9 Online reporting for malaria surveillance using micro-monetary incentives, in urban India 2010-2011 Surveillance/
monitoring

10 Increased Diels-Alderase activity through backbone remodeling guided by Foldit players Problem solving

11 Using crowdsourcing to examine relations between delay and probability discounting Survey

12 Phylo: a citizen science approach for improving multiple sequence alignment Problem solving

13 Crowdsourcing malaria parasite quantification: an online game for analyzing images of infected thick blood smears Data processing

14 Distributed medical image analysis and diagnosis through crowd-sourced games: a malaria case study Data processing

15 Crowd-sourced BioGames: managing the big data problem for next generation lab-on-a-chip platforms Data processing

16 Strategies for improved interpretation of computer-aided detections for CT colonography utilizing distributed Data processing

human intelligence

17 Distributed human intelligence for colonic polyp classification in computer-aided detection for CT colonography Data processing

18 Using crowdsourcing technology for testing multilingual public health promotion materials Survey

19 Evaluating Amazon’s Mechanical Turk as a tool for experimental behavioral research Survey

20 Emerging technologies: webcams and crowd-sourcing to identify active transportation Data processing

21 A crowdsourcing innovation challenge to locate and map automated external defibrillators Surveillance/
monitoring

Reference Number Key

1- (Cooper et al., 2010)"?

2- (Cooper et al., 2010)"

3- (Freifeld et al., 2010)"*

4- (Behrend et al., 2011)"°

5- (Bender et al., 2011)"°

6- (Cooper et al., 2011)"7

7- (Khatib et al., 2011)"°

8- (Khatib et al., 2011)"°

9- (Chunara et al., 2012)*°
10- (Eiben et al., 2012)*’

11- (Jarmolowicz et al., 2013)22
12- (Kawrykow et al., 2012)%
13- (Luengo-Oroz et al., 201&24
14- (Mavandadi et al., 2012)”
15- (Mavandadi et al., 2012)*°
16- (McKenna et al., 2012)””
17- (Nguyen et al., 2012)°%
18- (Turner et al., 2012)%°

19- (Crump et al., 2013)*°

20- (Hipp et al., 2013)*"

21- (Merchant et al., 2013)**

Table 5. Potential Data to Report for Health Research Using

Crowdsourcing

Demographics of the

crowd

Logistics of the crowdsourcing

Size of crowd

Age
Gender

Racial/ethnic background
Geographic location
Occupation

Education

Relationship to the

Length of time crowdsourcing was
conducted

Web platform and the use of a mobile
platform

Use of individuals versus teams and
intracrowd sharing techniques

Data collected or processed

Complexity of the task

Time given to do the task

Advertisement of project

Skill set required

research question

Referral source
Conflicting interests

Incentives offered
Data validation techniques

Motivation
Viewer to participant ratio
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