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Context, aims and research 
approach
Citizen science – an approach whereby 
citizens actively contribute to the generation 
of knowledge about important research 
questions – is gaining increased attention in 
research and policy communities. Recent years 
have seen an expansion in the scale of citizen 
science activity globally, as well as an increase 
in the diversity of ways in which citizens can 
contribute to research endeavours.

A 2018 report by The Healthcare 
Improvement Studies (THIS) Institute and 
RAND Europe provided an overview of the 
use of citizen science and crowdsourcing in 
research. As a follow-up to that report, and 
given the fast pace of developments in the 
field, THIS Institute commissioned RAND 
Europe to conduct a scoping exercise to 
explore key areas of innovation and emerging 
and topical issues in citizen science. The 
scoping exercise was implemented a through 
literature review and expert interviews. In 
light of THIS Institute’s focus on healthcare, 
the report is primarily concerned with areas 
of innovation that are likely to be relevant to 
health and healthcare improvement research. 
Although the report is mainly focused on 
citizen science, it also considers learning 
from the practice of crowdsourcing more 
widely, in light of the blurred boundaries 
between the two concepts.

More specifically, the report explores 
innovation related to new areas of application 
of citizen science; novel methods of data 
gathering and analysis; innovative approaches 
to recruiting, retaining and enabling 
participation in citizen science projects; and 
building capacity for citizen science. The report 
also considers emerging themes and topical 
issues within the field and their implications.

Key areas of innovation
New areas of application 
of citizen science and 
crowdsourcing in healthcare 
and health research

• There is a growing interest in adopting 
citizen science in studies that involve 
personal health data. This has been 
accompanied by the emergence and 
maturation of platforms to facilitate the 
safe and secure collation, curation and 
accessibility of personal health data (e.g. 
Open Humans and the Open Research 
Exchange portal of PatientsLikeMe). 

• There has also been a growing interest 
in the potential of citizen science to 
inform epidemiological studies, and new 
citizen science platforms have been 
established to respond to some of the 
specific technological requirements for the 
collection of epidemiological data through 
citizen science approaches. This includes 

Summary



IV Emerging developments in citizen science

the need for integrating diverse types of 
data (e.g. physical health, emotional health, 
environment-related) and for prompting 
users to collect data in ‘real-time’ via app-
based interfaces. 

• Other innovative applications include 
using citizen science and crowdsourcing 
to identify areas for improvement in 
healthcare, to enable patient-led research, 
to develop computer models of disease 
and to assess surgical training. There is a 
related effort to enable citizen scientists 
to contribute in more diverse ways (i.e. 
beyond classification tasks). 

Innovative applications of 
citizen science in policymaking 
and in improving the research 
process more widely

• Citizen science is receiving increased 
attention in policymaking, as a model for 
conducting research on socially relevant 
issues and for informing policy decisions. 
Policymakers are showing a growing 
commitment to building capacity for citizen 
science in the research and innovation 
system (e.g. the Science with and for 
Society programme of Horizon 2020).

• Local communities are turning to citizen 
science for evidence-based advocacy on 
issues that matter to them (e.g. health-
related disparities, the environment).

• Citizen science is being adopted as a way 
to improve research quality, for example 
by complementing traditional research 
methods and the work of a core study 
team. This may serve to provide additional 
data or to approach a research issue from a 
different methodological or analytical angle. 

• There is also a growing interest in the 
use of crowdsourcing and citizen science 
methods to produce outputs for peer 
review and publication, as well as in using 

crowdsourcing approaches to secure 
research funding.

New methods  
of data collection  
and analysis

• Advances in smartphone capabilities and 
sensor technologies, together with new 
opportunities for integrating diverse data 
sources (e.g. diverse crowdsourced data, 
data from more traditional research studies 
and administrative data) are enabling new 
methods of data collection in citizen science 
projects. This has particular relevance 
for some areas of healthcare and health 
research. For example, in the area of public 
health, researchers are carrying out large-
scale studies on the impacts of lifestyle 
and environmental factors (e.g. activity 
levels, pollution) on health outcomes 
such as asthma (e.g. the PULSE project). 
In health services research, researchers 
are using data collected data from both 
questionnaires and from automated heart 
rate sensors in wristbands to understand 
stress and burnout in nurses.

• Advances in artificial intelligence (AI) and 
machine learning present opportunities for 
speed and efficiency gains in how citizen 
science data are analysed. However, the 
use of this technology also comes with the 
potential risk of disenfranchising human 
participants. This can happen if the use 
of AI reduces the scope for variety in the 
types of contributions citizen scientists can 
make or if citizen scientist contributions 
are reduced to either exceedingly simple 
or exceedingly complicated tasks. In any 
project, it is crucial to balance the needs 
of citizen scientist participants with those 
of the project. Citizen science projects can 
also be used to develop AI and machine 
learning capabilities, and a combination 
of machine learning and human-based 
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analysis can be applied to citizen science 
tasks – sometimes to different tasks 
but sometimes also to the same task to 
strengthen analytical rigour or the diversity 
of analytical lenses.

Innovation related to participant 
recruitment, retention and 
engagement

• As the field of citizen science evolves, 
we are seeing increasingly innovative 
approaches to recruiting and retaining 
participants and to enabling participation. 
These span: raising awareness about 
opportunities via large media organisations 
(e.g. the BBC); using gamification to 
encourage participation; developing and 
designing smartphone apps that remove 
barriers to underrepresented groups 
contributing to citizen science (e.g. the 
ExCiteS research group’s work, which 
overcomes barriers related to literacy and 
language by using icons to symbolise 
ideas, among other means); and using 
virtual peers (i.e. ‘bots’) to influence the 
levels of engagement from individual 
participants to minimise risks of data bias 
which can occur if some contributors 
complete tasks too many or too few times.

Innovative ways to build 
capacity for citizen science  
and crowdsourcing

• Interventions to build, spread and scale 
up citizen science capacity in the research 
system are also emerging. These include 
innovative resources and services to help 
researchers without deep programming 
knowledge to develop citizen science 
platforms and mobile applications, for 
example through training, stakeholder 
networking events and hands-on support 
in developing technological solutions (e.g. 
The Mobile Collective). 

• There are also new platforms and portals 
(e.g. CloudResearch.com, Quanti.us) that 
make citizen science more accessible to 
and feasible for researchers, by tapping 
into and connecting with the existing 
citizen science and crowdsourcing 
infrastructure (e.g. Mechanical Turk) 
rather than developing new technological 
interfaces or trying to identify potential 
participants afresh.

Topical and emerging areas of 
discussion in citizen science
As the field of citizen science evolves, 
opportunities are arising to increase its scope, 
scale and impact. However, new challenges 
to the management and governance of citizen 
science activity are also surfacing. Alongside 
the areas of innovation discussed above, key 
topics receiving the attention of scholars, 
policymakers and practitioners of citizen 
science include:

• Enabling diverse types of involvement. 
This includes more scope for citizen 
scientists to influence which research 
questions are being addressed and 
more scope for greater citizen scientist 
involvement across the research process 
(e.g. in research design, data collection, 
analysis, dissemination, etc.).

• Ensuring that citizen science research 
is of an appropriate quality. This is 
being pursued in diverse ways. Some 
examples include: the development of 
standards for data quality, integration 
and interoperability; the development of 
good-practice guidance by organisations 
such as the European Citizen Science 
Association, the Citizen Science 
Association in the US, and the Cooperation 
in Science & Technology (COST) 
Action citizen science group; review of 
contributions by citizen science peers 
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or by researchers; validation of citizen 
science data with a secondary source; and 
the use virtual peers or ‘bots’ to regulate 
risks of bias.

• Supporting diversity and the involvement 
of hard-to-reach populations. In addition 
to considering how technological solutions 
that enable the participation of hard-to-
reach populations can be established (e.g. 
projects that do not require constant signal 
coverage; use of icons and pictures for 
communities where language or literacy 
barriers exist), there is an increasing 
interest in how citizen science can be used 
to empower hard-to-reach populations.

• Effective governance and ethical practice. 
The governance of citizen science projects 
is evolving and includes both technical and 
social safeguards for data privacy, security 
and informed consent, as well as efforts to 
clarify data ownership practices. Examples 
that are being explored include: the role 
of blockchain technology in enabling 
secure data storage and the protection 
of participant privacy; software-based 
solutions to removing sensitive data (e.g. 
location data); and software platforms 
that can join data from diverse apps with 
secure data management systems. Social 
interventions are also receiving increasing 
attention, including data trusts (platforms 
that allow for decisions related to the 
use of patient data to be controlled by a 
trusted intermediary), data cooperatives 
(where decision-making authority resides 
with the patients themselves), and 
permission management systems that 
limit access to data to specified individuals. 
The management of ownership of data 
generated by citizen scientists is also a hot 
topic, with creative commons licensing and 
the setting up of not-for-profit organisations 

to manage any resulting discoveries being 
seen as promising approaches.

• Managing risks and mitigating unintended 
consequences. Increased attention is 
being paid to risks related to: citizen 
scientists being exposed to overwork, 
financial burden and vulnerability to 
harassment; the misuse of citizen science 
to access unpaid labour; the branding 
of marketing campaigns as citizen 
science activity to access participants; 
and risks associated with unequal power 
dynamics between the researcher and 
citizen scientist. Training and governance 
interventions are being considered as a 
way to prevent unintended consequences. 
There is also a need to clarify what 
constitutes citizen science in order to 
understand how it relates to other types of 
participatory approaches and to prevent its 
misuse. 

Conclusion
This report has highlighted how both 
technology-led developments and the 
evolution of governance approaches used 
in citizen science can support ambitions 
to increase the quality and relevance of 
research and to democratise the research and 
innovation landscape. However, our analysis 
also shows that new risks have emerged as 
the field evolves. Citizen science is a field ripe 
for evaluation of past and ongoing practices 
to better understand what has worked well, 
where the priorities for improvement lie, and 
how emerging risks can be mitigated and 
managed. We hope that the horizon-scanning 
lens of this report and the insights shared can 
help inform the types of issues that future 
evaluations need to consider, as well as wider 
stakeholder practice.
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Research context and aims

1.1. There is a growing recourse 
to citizen science in research
The participation of citizens is gaining 
prominence in scientific research, with 
this participation argued to bring an 
array of benefits such as more socially 
relevant research [1] and more empowered 
communities [2]. When citizens actively 
participate in the generation of knowledge 
as part of an effort to address a research 
question, they are engaging in citizen science 
[3]. A particularly common form of citizen 
science is to have the public assist with 
data collection tasks or basic analysis such 
as classifying images into categories [4]. 
However, citizens may participate in any aspect 
of research including by helping generate 
research ideas, contributing to research design, 
collecting data, helping with data analysis and 
assisting with manuscript preparation or the 
dissemination of findings [5].

Crowdsourcing, a closely related concept, also 
considers the potential for citizens to contribute 
to research, but unlike citizen science, it is not 
primarily nor exclusively confined to research 
contributions [4]. For example, crowdsourcing 
can be used to generate ideas or solutions for 
business and government decision-making, to 
identify consumer preferences, raise funds, or 
source labour for a wide variety of tasks. Some 
researchers also differentiate citizen science 
from crowdsourcing on the premise that the 

former tends to allow for a wider range of ways 
in which citizens can contribute to research, 
whereas in the latter, the involvement of citizens 
is often confined to data collection tasks [1]. 
However, the boundaries between citizen 
science and crowdsourcing, when considered in 
a research context, are blurred [4].

Global interest in using citizen science for 
research is expanding [5, 6]. Recent years have 
seen a growth in the number of organisations 
and associations involved with citizen science 
and an expansion in the activities they 
undertake [6]. This is facilitating a greater 
uptake of citizen science methods, which has 
escalated efforts to establish standards for 
the field as it has evolved [6]. A 2018 report by 
The Healthcare Improvement Studies (THIS) 
Institute and RAND Europe set out to provide 
an overview of the use of citizen science 
and crowdsourcing for research and to offer 
practical tips for researchers seeking to employ 
these approaches in their work [4]. The report 
considered a wide variety of applications of 
citizen science and crowdsourcing as they 
relate to data collection and classification, 
problem solving, shaping research priorities, 
idea generation and consensus building in 
research initiatives.

Following up on the research presented in 
that report, and given the growing recourse to 
citizen science and developments in the field, 
THIS Institute commissioned RAND Europe 

1
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to conduct a scoping exercise to explore 
key areas of innovation in citizen science. 
THIS Institute is developing a citizen science 
platform – Thiscovery – to help support its 
portfolio of research aimed at strengthening 
the evidence base on how to improve 
healthcare. The findings presented in this 
report are likely to be helpful for informing the 
development and function of Thiscovery. We 
also hope they will be useful for scholars and 
practitioners of citizen science more widely.

While the primary focus of this work is on 
citizen science, we also consider innovation 
within the field of crowdsourcing more broadly 
due to the many features it shares with citizen 
science and the likelihood of transferrable 
insights.

1.2. This report explores areas of 
innovation in citizen science
The core aim of this report is to scope areas of 
innovation within the citizen science field, and to 
understand emerging developments and topical 
issues. The work aims to provide an overview 
of the state of innovation within citizen science, 
with a particular focus on developments since 
the publication of the earlier (2018) report by 
THIS Institute and RAND Europe [4]. Given the 
focus of THIS Institute, the report is primarily 
concerned with areas of innovation that are 
likely to be relevant to health and healthcare 
improvement research. 

We have interpreted innovation as applying 
both to new developments (e.g. new platforms, 

new methods of engaging participants) and 
to new applications of existing developments 
(e.g. such as issues related to the novel uses 
of artificial intelligence for data analysis in 
citizen science). We also explored key topics 
and issues that are receiving attention in the 
field; some of these may not be entirely new 
(e.g. concerns over data quality), but continue 
to be highly prominent in discussions within the 
citizen science field and continue to shape its 
evolution and direction. 

More specifically, the work covers:

• New areas of application of citizen science 
and crowdsourcing

• Innovation in the methods used in citizen 
science and crowdsourcing projects

• Innovative approaches to recruiting and 
retaining participants and to maintaining 
engagement

• Building capacity for citizen science

• Topical and emerging areas of discussion 
in the citizen science field. 

The remainder of this report is structured 
as follows: Section 2 provides an overview 
of the methodology adopted to scope areas 
of innovation within citizen science for the 
purposes of this report. Section 3 presents 
key insights as they relate to the types of 
innovation of interest, as outlined above, 
including examples to illustrate the key 
learning points. Section 4 reflects on the 
implications of the findings for the citizen 
science research community.
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2.1. Overview of methods used
We conducted a scoping exercise based 
on a literature review in order to identify key 
recent developments in citizen science and 
complemented this with four interviews with 
citizen science experts. THIS Institute’s interest 
was particularly in recent developments, with 
the scoping exercise being seen as part of 
wider planned horizon-scanning activity. Thus, 
the desk research focused on scholarly or grey 
literature on the topic published since the 2018 
THIS Institute and RAND Europe report [4], with 
the aim in part of updating that report’s findings.

The web searches included targeted searches 
of known citizen science and crowdsourcing 
platforms (e.g. Zooniverse [7], SciStarter [8] 
and others) and citizen science groups (e.g. 
European Citizen Science Association [9] and 
the Center for Citizen Science [10]) that were 
identified in our previous research [4], and 
keyword searches of PubMed, Google Scholar, 
Google, Nature, Science, CORDIS and Gateway 
to Research. This resulted in 58 relevant 
sources. We identified a further 24 sources 
through snowballing and via information 
gathered from interviewees, resulting in a total 
of 82 reviewed sources. Further details on the 
methods used in our research are available in 
the Annex to this report.

The four interviewees were identified through 
desk research and chosen based on their 

active and diverse engagement within the 
citizen science community:

• Dr Anne Bowser, Director of Innovation 
and Innovation Specialist, Science and 
Technology Innovation Program, Wilson 
Center

• Dr Katrin Vohland, Research Director, 
Science Programme, Public Engagement 
with Science and Chair of COST Action, 
Museum für Naturkunde

• Dr Grant Miller, Communications Lead, 
Zooniverse

• Marika Cieslinski, Project Manager, Center 
for Citizen Science, Austria.

Throughout the report we reference 
information from interviewees by referring 
to them as Int 1, Int 2, etc.; however, this 
numbering does not correspond to the order in 
which they are listed above, in order to preserve 
confidentiality.

2.2. Caveats 
This report is intended to provide an 
overview of key areas of innovation and key 
discussions that shape the current state of 
citizen science and that are likely to influence 
its future direction. It is not a systematic 
or comprehensive review of the evidence, 
and therefore the examples we provide 
are not necessarily representative of all of 

Methodology2
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the innovation taking place in the field. As 
mentioned above, we also chose to focus on 
examples and issues that may be particularly 
relevant for health and healthcare research and 
for THIS Institute. However, we believe that 
we have provided a rounded account of key 
areas of innovation and of topical issues that 
are likely to also be relevant for applications 
of citizen science in other sectors. As such, 
we hope that the learning presented here is of 
interest to the diverse stakeholders that are 
playing a role in the evolution of citizen science 
as a field of practice.
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Citizen science has historically been applied 
mainly in the context of the natural sciences, 
with some of the earliest examples being the 
counting of migratory bird species and amateur 
astronomy [11]. However, growing interest in 
citizen science and crowdsourcing has led to 
a variety of new applications, including those 
that help respond to healthcare research and 
healthcare improvement needs (Section 3.1), 
inform government policy (Section 3.2.1), 
enable evidence-based advocacy (Section 3.2.2) 
and improve different aspects of the research 
process (Section 3.2.3), such as access to 
research funding and research quality.

3.1. New areas 
of application of 
citizen science and 
crowdsourcing in 
healthcare and health 
research

Key developments in the healthcare and 
health research space include an expansion 
of initiatives that make use of crowdsourced 
personal health data and of enabling 
technological infrastructure and social 
interventions (Section 3.1.1); the use of citizen 
science to improve the scale, scope and 
quality of epidemiological studies (Section 
3.1.2); and a more general trend towards 
extending the applications of crowdsourcing 

and citizen science in health-related research 
and improvement efforts beyond classification 
tasks (Section 3.1.3).

3.1.1. A growing amount of citizen science 
research involves the use of personal 
health data, enabled by the emergence of 
new platforms, portals and apps

There is an increasing interest in using citizen 
science and crowdsourcing approaches 
for research involving health data from 
individuals, for example in studies looking 
to understand individual risk for Alzheimer’s 
disease, behavioural patterns in personal health 
tracking and why some people are better able 
to overcome health-related challenges than 
others [12]. In relation to this, we have seen 
both the emergence of new platforms that 
collate and curate health data from individuals 
through crowdsourcing approaches [12, 13], 
as well as an increasing scale and scope of 
research-related activity on platforms that 
have been in existence for some years. For 
example, platforms such as Open Humans [12] 
(a web-based data cooperative established 
in 2015; see Box 1) and PatientsLikeMe [13] 
(established in 2004) enable individuals to 
upload health-related data for research and 
other purposes. This includes data from 
wearable health tracking devices (e.g. heart 
rate data, glucose monitoring, blood pressure, 
etc.), data from genetic tests carried out by 
companies such as 23andMe, and information 

Innovation in citizen science and 
crowdsourcing for research3
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from their own electronic health records [14]. 
In the case of PatientsLikeMe, there has been 
innovation in how crowdsourced personal 
health data can be accessed for research 
purposes (although strictly speaking access 
to crowdsourced data alone does not equate 
to citizen science, given that individuals do 
not actively participate in the data collection 
or analysis). More specifically, access is 
facilitated through a secondary portal, Open 
Research Exchange (established in 2014), 
created by PatientsLikeMe specifically to 
facilitate research. The data collected through 
PatientsLikeMe is made freely available 
on Open Research Exchange to enable the 
development and validation of new health 
outcome measures [15]. 

Citizen science research involving personal 
health data brings into play new data 
governance concerns that platforms and 
platform providers need to grapple with, 
due to privacy and security considerations 
associated with such data that extend beyond 
those which might apply to more traditional 
citizen science tasks. For example, data from 
citizen science projects that seek to classify 
images from nature [16] or map the location 
of objects [17] may not require the same 
privacy and security considerations as personal 
health data. Citizen science also differs from 
research projects using health data that are 
not citizen science-based (e.g. those run by 
universities using Clinical Practice Research 
Datalink (CPRD) or General Practice Research 
Database (GPRD) data) in that there is a well-
established research governance infrastructure 
that incorporates some form of external, 
independent review that is already in place for 
such projects in the health research system. 
Crowdsourced health data, on the other 
hand, may come from a variety of sources, 
including passively collected data from 
consumer wearable devices for which there is 
a less well-established research governance 

infrastructure. The informed consent process 
associated with contributing data through 
passive crowdsourcing methods is often 
unclear, such as when the informed consent 
is embedded within an app’s or wearable 
device’s terms and conditions rather than 
being a separate process [18]. As Wilbanks 
(2018) argues, these terms and conditions 
are often accepted by users without being 
fully understood or without even being read 
[18]. This poses new governance concerns for 
research using data from these sources in that, 
in principle, researchers must receive informed 
consent to use the data.

As a result of the growing interest in using 
personal health data in citizen science projects, 
there has been an evolution in the governance 
approaches for using such data, including 
through both technical and social interventions. 
These interventions span software that 
enables the secure storage of data collected 
through apps and secure access to such data, 
and platforms that allow for decisions related 
to the use of patient data to be controlled by 
either patients themselves or by a trusted 
intermediary.

For example, researchers at the Medical 
University of South Carolina developed a 
technical solution to data governance concerns 
in the form of a software platform that joins 
together two widely available citizen science 
tools from Apple (Health Kit, a consumer-facing 
system for managing health-related apps on 
Apple devices; and Research Kit, a tool for 
researchers to access Health Kit data and 
resources) with a secure data management 
platform (REDCap) [19]. This software platform 
allows for the secure storage of and access to 
app-based personal health data, and has been 
used in a recent study of stress and burnout in 
nurses [19]. This study relied on app-collected 
data from both questionnaires and automated 
heart rate sensors in wristbands, which were 
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securely stored and accessed through the 
platform.

Social interventions such as patient data 
cooperatives [12, 20] and data trusts [21] have 
also emerged as a way to support the effective 
governance of health data that may be used 
in citizen science research (see Box 1 for the 
example of the Open Humans data cooperative 
platform). Although both patient data 
cooperatives and data trusts are underpinned 
by a technical support infrastructure, they 
are primarily approaches rooted in social 
intervention. Patient data cooperatives are 
focused on giving patients greater control over 
their own data, and how it is used and reused 
in research. All data cooperatives give patients 
control over governance processes through 

some combination of electing members 
of oversight committees, deciding on how 
revenues from research-related activity will be 
reinvested, and shaping policies on internal 
governance issues, and some patient data 
cooperatives also enable citizen scientists 
to suggest research topics [14]. Patient data 
cooperatives have similar aims to data trusts 
in that they seek to share data while retaining 
the trust of data contributors and users [22]; 
however, they differ in their governance. In data 
trusts the entity with responsibility and decision-
making authority over the data is independent 
from the parties contributing and using the 
data, whereas in patient data cooperatives it 
is the patients themselves who retain such 
responsibility and decision-making authority.

Box 1. Enabling patients to decide how their data is used in research and to initiate research 
projects: the Open Humans data cooperative

The Open Humans data cooperative includes a web-based platform that allows patients and 
other users to upload, connect and store diverse types of personal data from a variety of 
sources (e.g. genetic test data, activity data from smartwatches and smartphones, data stored 
on social media). Users can then choose to make this data publicly available for research in 
general, or can donate their data to specific research projects on a case-by-case basis. 

The web-based interface also includes tools that allow patients to explore their own data in 
engaging ways (e.g. through personal data notebooks, user-friendly coding, data visualisation 
tools and other tools) and to create and lead their own citizen science research projects on 
issues that matter to them as individuals or to the wider patient community. Users can also 
access data from other patients (provided that those patients have approved such use) [12]. 

Open Humans is used by many research projects, including in areas such as diabetes, 
Alzheimer’s disease, and in studies on health-related behaviours and health outcomes. One 
example is the Nightscout Data Commons citizen science project on Type 1 diabetes, which 
uses Open Humans to allow individuals to contribute various types of data for research (e.g. 
continuous glucose monitoring data, treatment data, patient outcomes, patient profiles) and to 
create research projects of their own using their own data and other community members’ data 
[23]. The Nightscout Data Commons is run by a group of volunteers. They review requests to 
access the data for research and provide approval if required conditions are met. These include 
publicly listing projects so that other members of the community may contribute data, making 
results available to the community in a timely manner and publishing as openly as possible 
(i.e. if academic articles are published behind a firewall, the publication must be shared with 
Nightscout Data Commons members).
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3.1.2. New research needs are driving the 
development of bespoke citizen science 
platforms in epidemiology

Epidemiologists are increasingly turning to 
citizen science methods in their research, and 
this has contributed to the development of new 
platforms and smartphone apps for collecting 
epidemiological data. This has in part been 
driven by the specific research needs and goals 
of epidemiological studies, such as the need to 
prompt users to enter or collect data at specific 
time points, and the need to integrate diverse 
types of data onto a single platform. For 
example, new tools have emerged to facilitate 
ecological momentary assessments, a form 
of data collection whereby researchers collect 
information on users’ experiences in real time 
[24]. The data collected using this method 
can take a variety of forms – from personal 
health data (e.g. heart rate, blood pressure), 
to data about an individual’s emotional state, 
to images of the user’s environment. As is 
the case with the Open Research Exchange 
platform discussed above, this type of research 
blurs the boundary between citizen scientists 
as co-researchers involved in data collection 
and/or analysis, and as research participants 
contributing information about themselves for 
research purposes.

App-based platforms developed by 
researchers are a common tool to facilitate 
real-time crowdsourced data collection for 
epidemiological studies. The Stanford Healthy 
Neighborhood Discovery Tool [25] and the 
SMART Study platform from the Digital 
Epidemiology and Population Health Laboratory 
at the University of Regina, Canada, [26] are two 
examples. Both of these platforms have been 
used to map barriers to healthy living (among 
other things) by having users document their 
local environments through photos and upload 
them onto an app-based citizen science 
platform, with the ultimate goal of having the 
users then collaborate with community leaders 
and policymakers to improve community 
conditions for healthy living. 

3.1.3. There is a growing diversity of 
opportunities for citizen scientists to 
contribute to healthcare and health 
research

Citizen science and crowdsourcing approaches 
are being used to tackle new types of research 
challenges and to enable individuals to 
contribute to healthcare and health research in 
ways that can include but which extend beyond 
more traditional classification tasks alone. 
Some notable examples of the diversity of 
opportunities that are emerging are presented 
in Box 2. 
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Box 2. Some examples of the innovative ways in which citizen scientists are contributing to 
healthcare and health research

Using citizen science approaches to develop artificial intelligence capacity in diagnostic 
research. Citizen science is being used to develop a computer model for diagnosing diabetic 
retinopathy [36]. More specifically, Eye for Diabetes is using citizen scientists to train a computer 
model based on artificial intelligence by having them classify images of eyes and search for 
signs of retinal damage. The project aims to use the computer model to aid in the diagnosis of 
diabetic retinopathy. 

Building citizen science research into the delivery of healthcare interventions. In another 
innovative example, citizen science is being used to motivate patients to take care of their 
health. Researchers at New York University tested the feasibility of having patients participate 
in a citizen science project as part of physical rehabilitation exercises. The citizen science 
project entailed having patients remotely control a miniature boat that would be used to carry 
out environmental mapping of polluted waterways. The movements that patients needed to 
make to control the boat mapped onto exercises used in physical rehabilitation. The researchers 
found that participants were motivated to engage in physical rehabilitation exercises by the 
citizen science component [27].

Using citizen science approaches to enable patient-led research. At the extreme end of citizen 
science are so-called N-of-1 studies [28–30]. These are patient-led research studies where 
individual patients track their response to some intervention (e.g. a change in diet, a nutritional 
supplement or a pharmaceutical drug), but they do so outside the context of an investigator-led 
trial. Their research and data becomes visible to the research community when they share their 
results, typically through websites such as PatientsLikeMe [13, 29, 30]. Sometimes patients 
coordinate their efforts through websites. In one example, a group of patients with amyotrophic 
lateral sclerosis (ALS) took lithium supplements, tracked their outcomes and reported the 
results on PatientsLikeMe. Their results helped to spur the medical community to undertake 
clinical trials on the value of lithium for patients with ALS [30]; however, these types of studies 
also raise questions around the scientific value of uncontrolled experimentation, in particular 
around patient protections and safety risks. 

Using citizen science approaches to identify areas where healthcare improvement is needed 
and where healthcare services need to change. As part of a larger citizen science project (the 
Community of Patients for Research – ComPaRe project) that aims to recruit 100,000 patients 
with chronic diseases over 10 years and then follow them for 10 years, a group of French 
researchers from the Université Sorbonne Paris Cité and Assistance Publique-Hôpitaux de Paris 
asked patients with chronic conditions the following question: ‘If you had a magic wand, what 
would you change in your healthcare?’ [31]. The initial prompt was used to generate 3600 ideas 
from 1636 patients for how to improve their care including suggestions on ways to improve the 
content of consultations and methods to improve the organisation of care delivery. These ideas 
fed into the research conducted by the ComPaRe project team. 

Although not directly related to research 
studies, crowdsourcing is also becoming 
increasingly prominent in healthcare more 

widely. Some examples of notable initiatives 
are presented in Box 3.
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Box 3. Examples of the use of crowdsourcing in healthcare more widely (i.e. outside a research 
context)

Using crowdsourcing for assessment purposes in medical training. Standardised assessment 
tools have been developed for use by expert surgeons to evaluate recordings of trainee 
surgeons performing simulation tasks and/or intraoperative surgery. The use of standardised 
assessments and recordings makes the task amenable to crowdsourcing because the 
recording can be shared with multiple reviewers in ‘the crowd’ and consensus can be sought. 
A systematic review identified 13 studies using crowdsourcing for surgical skills assessment, 
all but one of which used the Amazon Mechanical Turk platform to recruit participants (i.e. ‘the 
crowd’) [32]. The systematic review found that the ratings provided through the crowdsourced 
assessments were generally equivalent to those given by expert surgeons. Although the 
crowd tended to provide summative feedback (rather than the formative feedback that is 
often provided by expert surgeons), the pooled comments from the crowd closely mirrored the 
themes identified by expert surgeons.

Using crowdsourcing to generate ideas for quality improvement initiatives in health settings 
[33]. A large healthcare system in Pennsylvania (US), comprising over 200 independent 
treatment organisations, held an ‘Innovation Tournament’ in which they tried to elicit views 
on healthcare improvement needs. Clinicians and other stakeholders such as leaders of 
community care provider organisations and of training organisations from across the 
healthcare system were invited to develop and submit ideas for evidence-based improvement 
projects via a web-based platform. Overall, 65 ideas were received and 899 ratings on the 
submitted ideas were crowdsourced to help facilitate decision-making on the ultimate winners 
of the tournament.

3.2. Looking beyond a 
healthcare and health 
research context: new 
applications of citizen 
science in policymaking 
and in improving the 
research process

Outside the health and healthcare context, 
citizen science is also gaining popularity as a 
model for tackling pressing societal challenges 
more widely – be this through research 
engaging local communities with the aim to 
advocate for policy change or through efforts 
to apply citizen science to strengthen the 
research process and research system.

3.2.1. Policymakers are increasingly 
interested in citizen science as a model 
for conducting research on socially 
relevant issues and there is a growing 
commitment to building capacity for 
citizen science in the research and 
innovation system

Policymakers at national and supranational 
levels are showing growing interest in citizen 
science as a social movement, as a way of 
conducting research on important social issues 
(i.e. as a science and innovation policy issue 
in and of itself) and as a way of informing and 
shaping policymaking more generally. In other 
words, policymakers are investing time, effort 
and resources into building an appreciation of 
citizen science (among research communities, 
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funding communities, policymakers and 
among the general public) and into building 
capacity for its funding and conduct and for the 
translation of citizen-science research outputs 
into impacts on policymaking. Some notable 
European initiatives in this regard include Doing 
It Together Science (DITOs) [34], Sparkling 
Science [35], and the Horizon 2020 Science 
with and for Society (SWAFS) programme 
[36]. We expand on these policy-related 
developments below.

At the EU-level, the move towards citizen 
science has been part of a wider strategy to 
increase citizen engagement in science and 
policymaking. This is exemplified through 
the Science with and for Society (SWAFS) 
programme within Horizon 2020 (H2020) 
[36]. SWAFS embraces the idea of open 
science, which is an approach that prizes 
transparency and cooperation in the creation 

and dissemination of scientific evidence [37]. 
The SWAFS programme also explicitly calls 
for citizen science and crowdsourcing to be 
incorporated into research and innovation 
within the European Union, in order to help 
reduce asymmetries between citizens and 
researchers in their ability to interact with and 
access science and the innovations that arise 
from scientific research [36]. According to 
the experts we interviewed, H2020 has been 
instrumental in driving the growth of citizen 
science within Europe through explicit and 
formal backing for the approach by European 
Commission decision makers. H2020 has also 
provided a framework around which citizen 
science associations and researchers are able 
to consolidate their work. 

Box 4 details one example of an EU-funded 
citizen science initiative, DITOs.

Box 4. EU-level support for citizen science as a way to increase public engagement in science and 
policymaking: DITOs

The European Commission-funded Doing It Together Science (DITOs) programme (2016–
2019) received nearly €3.5 million in H2020 funding for a three-year initiative to support deep 
public engagement with citizen science and to build capacity in the system for doing and 
understanding citizen science. DITOs brought together policy institutions, small and medium-
sized enterprises, NGOs, universities and public institutions across Europe. Coordinated by 
University College London, DITOs focused on public outreach around citizen science, supporting 
grassroots and local efforts, and public engagement in science policymaking [34]. DITOs 
engaged over 500,000 citizens from nine European countries through 860 events that increased 
awareness of citizen science by policymakers and among the public. This was accomplished 
through a wide range of activities, including public talks, workshops, documentary screenings, 
support for European-level citizen science conferences, interactive exhibits and even a ‘Science 
bus’ that travelled around Europe to teach citizens about ways to engage with science [38]. 
DITOs also reached out to policymakers and published policy briefs on important citizen 
science-related topics and policy areas (e.g. in environmental policy) [39, 40]. 
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At the national level, some governments 
have also embraced citizen science and 
crowdsourcing for direct use in policymaking. 
For example, under the Obama administration, 
the US encouraged the use of citizen science 
and crowdsourcing by Federal agencies in the 
2013 Open Government National Action Plan 
[41] and provided agencies with a toolkit of 
best practices [42] to help them meet the aims 
of more inclusive research. This is thought to 
have contributed to increased acceptance of 
citizen science more widely (Int 1, Int 2).

Another example of crowdsourcing methods 
impacting on policymaking can be found in 
Estonia where, in 2012, an online crowdsourcing 
platform (People’s Assembly, or Rahvakogu) 
was created to solicit proposals to amend the 
country’s laws [43]. The 14-week crowdsourcing 
exercise resulted in the contribution of over 
3,000 proposal ideas from citizens, seven of 
which either contributed to the modification of 
laws or the generation of new laws.

Citizen science programmes are also used by 
national governments for the promotion of 
science literacy and engagement with science 
among the general public. The Sparkling 
Science research programme and its extension, 
the Top Citizen Science Funding Initiative, from 
the Federal Ministry of Education, Science and 
Research in Austria, are two notable examples 
[35, 44]. The Sparkling Science programme 
began by funding citizen science projects 
that were carried out within schools, and was 
explicitly aimed at encouraging science literacy 
and engagement among young people. The 
programme has now expanded to include the 
Top Citizen Science Funding Initiative, which 
funds projects outside of the school context, 
thereby including people from all ages and 
backgrounds. Recently funded projects include 
an exploration how inflammatory processes 
associated with different lifestyles contribute to 
myocardial infarction or stroke, an analysis of 
the variation and change in the use of German 

language in Austria, and a model of the spread 
of Japanese knotweed, an invasive plant.

3.2.2. Local communities are embracing 
citizen science to inform advocacy efforts 
and influence policymakers

Local communities are increasingly turning to 
citizen science to research and address their 
concerns around issues such as pollution and 
health disparities so as to inform efforts to bring 
about political change. These efforts may be 
led by community members or researchers, 
but typically involve a collaborative approach 
whereby citizen scientists help shape the 
research questions and interpret the data in 
order to ensure that the resulting research is 
relevant to local community members (see the 
Stanford Healthy Neighborhoods Tool [45] and 
ExCiteS [46] for examples of this approach). A 
key goal of this type of mission-driven research 
is for citizen scientists to use the results of their 
research to transform local policies or practices. 

This is particularly evident in the US, where 
we see citizen science projects adopting aims 
relating to environmental justice [47]. The work 
of the Community Engagement, Environmental 
Justice & Health (CEEJH) Laboratory [48], 
supported by the University of Maryland-
College Park, exemplifies this approach. CEEJH 
works with local communities to identify and 
address issues related to environmental quality, 
community health and sustainability using 
participatory and citizen science methods. Their 
projects include work examining exposure-
related health risks of local populations from 
sources such as environmental hazards (e.g. 
living in flood zones) or pollution (e.g. relating 
to intensive farming practices, landfill, heavily-
trafficked roadways or power plants) [49]. They 
have also carried out work looking at how the 
built environment contributes to mosquito 
populations and the methods through which 
citizens can reduce mosquito populations 
through citizen science approaches [49].
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3.2.3. Citizen science is also being used to 
improve different aspects of the research 
cycle, including access to research funding 
and the publication process

Citizen science and crowdsourcing are 
also being used to improve aspects of the 
research process itself. One example of this is 
crowdfunding for research, which although not 
an innovation per se, continues to be hot topic 
in the citizen science field. Evidence suggests 
that younger researchers and women, who may 
sometimes be disadvantaged when seeking 
traditional sources of funding [50–52], are the 
most successful groups at crowdsourcing 
money for research [53]. However, the amount 
of money they secure via crowdsourcing is also 
typically smaller than that sourced through 
traditional grant funding [53]. 

Citizen science and crowdsourcing can also 
be used to help support high-quality research 
findings, for example by complementing 
traditional research methods with citizen 
science-based assessment, testing or 
verification, or other citizen science-based 
contributions to analysis [54]. One concern that 
could potentially be addressed in this manner 
is the potential for researcher-driven bias within 
studies [54]. As Uhlmann et al. (2019) note, 
with many research designs, but especially 
research relying on quantitative analysis, even 
small changes in study design or statistical 
analysis can lead to very different results; and 
furthermore, researchers can be subconsciously 
drawn to methods more likely to support 
their hypotheses [54]. They therefore suggest 
that quantitative researchers should use 
crowdsourcing methods to have multiple people 
run the same study using different analytical 
approaches (but with the same data) in order 
to help protect against researcher bias in study 
design and statistical model selection [54]. 

In addition, new collaborative forms 
of publishing are being enabled by 
crowdsourcing [55]. For example, 

crowdsourcing was used to collaboratively 
write a paper redefining p-values and 
the meaning of statistical significance in 
experimental studies by opening up a Google 
doc on the subject and making it available 
for anyone to weigh in on. In this project, 
initiated by Dr Lakens of Eindhoven University 
of Technology in the Netherlands, almost 150 
people participated in some way in the writing 
of the article, with 87 ultimately agreeing to be 
co-authors. 

Other proposals to improve the quality of the 
research process include using crowdsourcing 
to enable a fully open process of peer review 
where anyone could participate (professional 
researchers or lay people), with all comments, 
responses and article revisions visible and 
archived online [54]. 

3.3. Innovation in 
the methods used in 
citizen science and 
crowdsourcing projects

There has been an expansion in the methods 
used in citizen science as well as in how citizen 
scientists engage with research initiatives, 
which is in part related to an increased diversity 
of citizen science research uses (as will be 
discussed in Section 3.6.1). This has also 
been enabled by technological developments 
that have facilitated the use of new methods. 
The experts we interviewed as part of this 
scoping research highlighted the ubiquity of 
smartphones, new sensor technologies, and 
the increasing use of artificial intelligence 
(AI) for analysis as being key methodological 
innovations (Int 1, Int 2, Int 3, Int 4), allowing for 
new means of data collection and analysis. 

3.3.1. Advances in smartphone 
capabilities and sensor technologies 
coupled with new opportunities for 
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integrating diverse data sources are 
allowing for new methods of data 
collection

The widespread availability of smartphones 
has revolutionised citizen science projects 
because of the array of sensor technologies 
that are either built into the phones (e.g. 
cameras, GPS, accelerometers, etc.) or which 
can be adapted to work with smartphones 
(e.g. filters for cameras) to help enable 
data collection. For example, new sensor 
technologies enable the collection of data 
related to personal health and wellbeing, 
data from the environment such as air 
pollution levels [56, 57] or water quality [58], 
data on flood and earthquake risks [56], air 

temperature [59] and civic infrastructure 
(e.g. pothole mapping) [60], all of which 
allow new types of citizen science research 
and crowdsourcing activity. Data collected 
through sensors becomes even more powerful 
when combined with other data sources (e.g. 
administrative datasets on the availability of 
healthcare-related services, transportation 
data, satellite data on climate or geography, 
etc.). For example, the use of smartphones 
to collect information on lifestyle factors (e.g. 
physical activity and wellbeing), combined with 
data on pollution, traffic patterns and public 
health-related services, is enabling cities to 
understand health risks to their populations 
(see Box 5). 

Box 5. Data integration in citizen science: The Participatory Urban Living for Sustainable 
Environments (PULSE) project

Data integration across a range of sources can help increase the capacity of citizen science 
projects to answer more complex research questions that require more diverse datasets. 
Technologies and innovations such as smartphone sensors, wearable sensors and the ‘Internet 
of Things’ (i.e. consumer goods such as televisions and refrigerators with integrated internet-
enabled sensors) can help facilitate data integration by combining citizen-generated data with 
data from other sources [61].

The European Commission-funded Participatory Urban Living for Sustainable Environments 
(PULSE) project has teamed up with smart cities (cities that use connected sensors in the 
‘Internet of Things’ to aid management and administration) to integrate city-generated data with 
citizen-generated data at an individual level. The Paris PULSE test bed (a pilot) integrated citizen-
generated data on mobility and activity from wearables and smartphones, data from air quality 
sensors throughout the city and health-related data on asthma to help understand the public 
health risks associated with pollution as citizens move throughout the city [61]. 
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3.3.2. Advances in artificial intelligence 
and machine learning present new 
opportunities for analysing citizen 
science data, but are not without risks

Innovation is also happening in relation to the 
methods applied to analyse data in citizen 
science projects, which brings about new 
opportunities but also some challenges. There 
is increased focus on the role of artificial 
intelligence (AI) and machine learning, as 
these techniques are increasingly being used 
to handle the large volumes of data being 
generated, for example from wearables and 
other sources of ‘big data’ [61], and to overcome 
the complex analytical challenges of sensor-
collected data [57, 60]. Various policy bodies 
(e.g. the European Commission’s Joint Research 
Council and UK Research and Innovation) have 
examined the challenges associated with big 
data in citizen science and the role that AI and 
machine learning can play in overcoming them 
[62]. According to one interviewee (Int 4), AI and 
machine learning techniques can be especially 
helpful for improving classification tasks 
such as plant and animal identification, and 
are already being used within existing citizen 
science projects for that purpose (e.g. iNaturalist 
[16], WildMe [63]), and are also being combined 
with human classification contributions [64]. 
Machine learning is also being used to assist 
with the interpretation of complex data collected 
through new methods, such as data from 
smartphone sensors [57]. Machine learning can 
be useful for identifying patterns within such 
data, and for sifting out the background noise 
that is often present in data collected in the ‘real-
world’ (as opposed to a controlled laboratory 
environment) [60].

At its best, the promise of AI and machine 
learning is that of a future where humans and 
machines work collaboratively to process 
more data more efficiently, with the power of 
machines freeing up humans to contribute 
to citizen science research in whatever ways 

best fit with their interests, skills and potential. 
However, there are concerns that these 
techniques have the potential to change the 
role of human citizen science participants 
in undesirable ways. For example, as AI and 
machine learning have been introduced into 
the citizen science space, citizen science 
volunteers are helping to ‘train’ AI software by 
classifying images or other data sources that 
act as a training set from which the AI software 
programme can learn and develop capabilities 
(see Eye for Diabetes in Box 2, for example). 
This may not be undesirable in and of itself but 
according to one of the experts we interviewed 
for this study (Int 4), it is not without risks. 
As AI capabilities increase, there is a risk that 
citizen scientist contributions could be reduced 
to either exceedingly simple and repetitive 
data processing tasks, or that alternatively, 
they may be left to conduct only the most 
complicated of tasks that AI software and 
programmes could not tackle (Int 4). Thus the 
variety of contributions citizen scientists can 
make could be significantly restricted, whereas 
offering such variety may be important to 
some citizen scientists (Int 4). The challenge 
moving forward will be how best to balance the 
sometimes competing goals of citizen science 
research: conducting research in the most 
efficient manner with the best tools available 
(e.g. AI, machine learning and other big data 
tools) while democratising research through 
more open science methods. 

In practice, a combination of machine learning 
and human-based analysis is increasingly 
being applied to citizen science tasks 
(sometimes to different tasks but sometimes 
also to the same task to strengthen analytical 
rigour or the diversity of analytical lenses). This 
is demonstrated in projects such as Gravity 
Spy [65] and Eye for Diabetes [66], where 
citizen scientists are used to identify complex 
structures within images in order to train AI 
programmes how to identify such structures 
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themselves. As the technical capacity for AI 
further increases, so will the need to reflect 
on its benefits and risks on a project-by-
project basis. Firstly, any AI software needs 
to be extensively piloted to ensure accuracy. 
Secondly, in any project, it is crucial to balance 
the needs of citizen scientist volunteers with 
those of the project. This means understanding 
why citizen scientists participate in research 
and then building opportunities into the 
project where they can have those needs 
and expectations met. For some, this may be 
related to the specific tasks that they perform 
within a project. For others, engaging with 
citizen science may be about the opportunity to 
learn new knowledge or skills or the chance to 
engage directly with researchers (Int 1, Int 4). 

There is also innovation taking place to ensure 
that the gathering and analysis of data in 
citizen science projects meets the required 
quality standards. The topic of quality control 
is discussed in Section 3.6, alongside other 
key cross-cutting topical issues and emerging 
themes in the citizen science field. 

3.4. Innovative 
approaches to 
recruiting and retaining 
participants and to 
maintaining engagement

When examining the recruitment, retention and 
engagement of participants in citizen science 
projects, it is important to consider not only 
the number of citizen scientists that need to 
be engaged, but also their representativeness 
in terms of capturing the diversity of the 
population that the project is trying to target 
[67]. Approaches to enabling the participation 
and retention of participants are diverse and 
span technical and social approaches. For 
example, technical approaches to encourage 
engagement include designing user-friendly 
and engaging platform interfaces, and social 

interventions include rewards and recognition 
for citizen science contributors, providing 
feedback and updates to participants, allowing 
them to interact with one another socially 
online to create a sense of community, and 
giving participants choice in terms of the types 
of tasks they complete in consideration of their 
goals and of what motivates them [4]. 

Some of the more innovative approaches 
to enabling participant engagement include 
gamification, advertising opportunities for 
engagement through media organisations, 
making engagement more accessible through 
new technological platforms, using virtual 
peers or bots to manage levels of engagement, 
and investing in governance solutions to 
reduce barriers to participation that may be 
related to ethical concerns. (The use of portals 
to recruit participants through MTurk for 
crowdsourcing research, discussed in Section 
3.5.2, could also be considered an innovative 
recruitment method.) We expand on these 
approaches below.

3.4.1. Gamification continues to be a 
popular approach to supporting desired 
engagement from citizen scientists

Although not new, the practice of encouraging 
engagement through gamification [68], or 
turning citizen science projects into a game-
like experience, remains important in the 
field. Gamification in citizen science may 
take many forms – for example in terms of 
the level of complexity of a game, the visual 
or technological attractiveness of the game 
interface, the degree of competition integral to 
the game design and the type of feedback that 
is provided (see Box 6). Some of the initiatives 
that adopt gamification tend to appeal to 
citizens with a particular interest in gaming 
(rather than the fact that they are contributing 
to research), while others tend to appeal to 
citizen scientists with a particular interest in a 
research topic (in which gamification makes 
the experience more engaging and fun) [68].
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Box 6. Some examples of citizen science projects using gamification

Sea Hero Quest puts participants in the shoes of a sailor who is taking his father on a journey 
by boat to help him remember the journeys he had taken on the same waterways as a younger 
man [69]. Participants are asked to complete several tasks within the game: memorise maps of 
waterways and navigate through specified check points by boat, chase sea creatures to capture 
pictures of them and periodically shoot off flares to test spatial navigation abilities. The levels 
of the game get progressively harder and players are rewarded for successfully completing 
tasks with ‘stars’ that can be exchanged for in-game items, such as a compass. Demographic 
information about participants, as well as information about what routes participants take and 
what they do when they get lost in the game is stored and sent to researchers for analysis. The 
goal of Sea Hero Quest is to create a benchmark for spatial navigation ability among different 
populations. Since the loss of navigational skills is one of the first symptoms of dementia, this 
benchmark can be used to help understand what constitutes normal versus abnormal spatial 
navigation skills. Sea Hero Quest was played by over 4.3 million people, making it the largest 
dementia study in history [70].

The #Hooked project asked participants to play a ‘name that tune’ game to study musical 
memory. Hooked aimed to contribute to the understanding of how music can be used to trigger 
memories for those with Alzheimer’s disease. In this project, participants downloaded an app 
(for smartphones or tablets) with thousands of songs that had been put together by researchers 
through a crowdsourcing exercise, in which members of the public could nominate the songs 
they thought were the catchiest. Participants using the app were asked to identify songs as 
quickly as they could. Data across participants was then combined to find the most memorable 
songs, in an effort to identify what makes music memorable [71]. 

Citizen science projects have also put mini-games within existing gaming platforms in order to 
harness the existing game’s fan base. For example, a mini-game called Project Discovery that 
was integrated into an existing online multiplayer game, EVE Online, asked players to help identify 
where proteins are located in human cells [72]. Participants were rewarded with in-game currency 
for correct identifications, which were decided through consensus once a particular location 
within a cell was identified by a high proportion of participants, typically around 15. The project 
engaged more than 500,000 players that accessed EVE Online every month, and over 322,000 
players identified around 33 million images. The project contributed significantly to researchers’ 
ability to find proteins in human cells, which would have been considerably more expensive using 
non-gamified methods in which people are paid for their identifications. Interestingly, this project 
implemented a mechanism for detecting users who were seeking to manipulate the gaming 
aspect of the project by programming ‘bots’ to collect the rewards for them [73]. 

Game-like approaches have also been used successfully to teach citizen scientists new 
skills, with learning opportunities being a motivator for engagement throughout the research 
process and potentially an enabler of retention [74]. For example, Gravity Spy is a project on the 
Zooniverse web portal (a citizen science portal that hosts citizen science projects) [7] whereby 
citizen scientists help researchers identify ‘noise’ within images from the Laser Interferometer 
Gravitational-wave Observatory, which is seeking to identify gravitational waves [65]. The project 
incorporates a staged learning element whereby citizen scientists can progress through multiple 
levels based on their skill at classifying images.
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Gamification is a hot topic within the citizen 
science literature, and some studies suggest 
that a degree of competition, which is a part 
of many games, can act as a motivator and 
help sustain participant engagement [74, 
75]. For example, Laut et al. (2016) suggest 
that some citizen scientists are motivated 
to match the level of their performance to 
those of other project contributors, and so 
approaches highlighting participants’ ranking 
in comparison to other citizen scientists can 
potentially be effective in terms of encouraging 
engagement [75]. Methods of comparison 
include the use of statistics panels showing 
summary statistics on the most active users, 
and top classifications or images of the day, 
depending on the type of tasks being carried 
out by the citizen scientists. However, the 
evidence base on the effects of gamification 
on participant engagement is inconclusive. 
Some of the experts we interviewed noted that 
other forms of engagement, such as regular 
communication between research staff and 
citizen scientists, can be equally or potentially 
more effective at keeping citizen scientists 
engaged (Int 1, Int 2, Int 4), suggesting that 
whether gaming is the most appropriate 
way of facilitating and retaining participant 
engagement needs to be considered on a case-
by-case basis. One interviewee even noted 
the potential for gamification approaches 
to dissuade some citizen scientists from 
participating in research if they find the 
competitive or benchmarking elements of 
projects which are integral to some games 
unappealing (Int 4), a comment which is 
supported by findings in the literature [75].

3.4.2. Other innovative approaches 
to enabling participation in citizen 
science projects include increasing the 
accessibility of opportunities, reducing 
barriers to entry and managing the 
scale of contributions made by specific 
individuals

Making sure that individuals are aware 
of citizen science projects that they can 
contribute to and that these are accessible is 
an important issue for the developers of citizen 
science initiatives. To support this, there is a 
growing recourse to raising awareness about 
citizen science opportunities at scale, through 
engagement with large media organisations 
(e.g. the BBC and the Public Broadcasting 
Service (PBS); see Box 7).

The field of citizen science is also increasingly 
paying attention to ways of enabling the 
participation of seldom heard populations (e.g. 
those that are geographically remote, or those 
with limited literacy), for example through 
smartphones requiring minimal signal capacity 
and through demographically and culturally 
sensitive design of the citizen science interface 
(e.g. the Extreme Citizen Science research 
group; see Box 8).

Recruiting participants and retaining them 
is critical to the success of citizen science 
projects, but so too is managing the levels 
of engagement by specific individuals. 
More specifically, participants may need to 
be encouraged to participate more, but on 
occasion also to participate less. Controlling 
the degree of participation (for example, the 
number of photos or observations uploaded 
to a project, or the number of images or 
texts analysed) can help prevent imbalances 
between participants that engage too little and 
super-users that contribute too much and can 
thus bias a project’s findings [75]. Research 
has shown that virtual bots, or ‘virtual peers’, 
may help in this regard, by nudging individual 
participants to contribute more or less [75]. 
For example, a recent experiment conducted 
by researchers at New York University asked 
participants to contribute to an environmental 
monitoring citizen science project, and allowed 
participants to see the levels of contribution 
(in terms of the number of times a task was 
completed) of what they thought was another 
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participant in the project but that was actually a 
‘virtual peer’ or bot. This experiment found that 
participants adjusted their own performance 
to more closely match that of their virtual 
peer, implying that researchers can nudge 
participants to contribute more or less than 
they would otherwise [36]. Virtual peers may 
provide a useful tool for researchers wanting to 
obtain more proportionate contributions from 
their citizen scientists.

Lastly, new governance solutions to secure 
buy-in from participants and alleviate concerns 
over data privacy, security, ownership and 
control issues are also seen as one way 
of helping remove barriers to entry and 
participation in citizen science projects. The 
issue of governance is a topical theme in 
citizen science and is discussed below in 
Section 3.6.5 (under emerging themes and 
topical issues in citizen science). 

Box 7. Recruitment and engagement of citizen scientists through media campaigns

One way to try to boost participation in citizen science is through media campaigns that can 
help advertise citizen science opportunities to large numbers of people and that can potentially 
help expand citizen science participation beyond a small group of interested citizens to a larger 
audience that may be more representative of the wider public [76].

In the UK, BBC Two’s Springwatch (a television programme focused on British wildlife) has 
partnered with nQuire (Open University’s citizen science platform) to launch Gardenwatch, a 
citizen science project that invites viewers to observe the wildlife in their gardens and to share 
their data through the nQuire platform. In addition to getting more people involved in citizen 
science, this project will provide valuable data to researchers on one of the largest and least-
studied habitats in the UK, viewers’ own back yards [77]. Initial findings indicate that a total of 
118,664 responses from across the UK were collected [78]. Along with advertising the project 
through the Springwatch programme, the BBC also launched a campaign to promote the project 
on Twitter and collected celebrity endorsements of the project, which may have helped boost 
participation [79]. 

Gardenwatch is only one of a number of collaborations between the BBC and citizen science 
projects on the nQuire platform. Others include the Feel Good Test, which asks participants to 
complete a 10-minute survey to help scientists understand what motivates people to be creative 
[80], and the Forest 404 Experiment, which asks participants to respond to questions after 
listening to a podcast by BBC Sounds to help scientists understand how people respond to the 
sounds of nature [81].

Similarly, in the US, the Public Broadcasting Service (PBS) has aired a documentary series 
called The Crowd and The Cloud, showcasing the power of citizen science. The programme is 
hosted by a former NASA Chief Scientist, and each of the four episodes highlights and raises 
awareness about specific citizen science projects, including through interviews with researchers 
and citizen scientists [76]. The series website also links with SciStarter (a US-based platform 
for hosting citizen science projects) [8] to provide a database of citizen science projects 
that viewers can get involved in, with filters for topic, location, activity type (if the project is 
conducted in schools, home, rivers, etc.) and age group.
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Box 8. Supporting diversity and the participation of hard-to-reach populations in citizen science 
projects: the Extreme Citizen Science (ExCiteS) research group

Extreme Citizen Science (ExCiteS) is a research group that aims to increase participation 
in science, regardless of an individual’s background or literacy level. The group enables the 
engagement of communities that are not normally engaged in science, helping them to 
overcome challenges associated with technology and human–technology interactions. ExCiteS 
adopts a participatory approach that includes citizen scientists in all aspects of the research, 
and they have also developed software and hardware solutions to address issues such as 
literacy and language barriers, unfamiliarity with smartphone technology and limited access to 
the internet or mobile phone connectivity [46].

For example, the ExCiteS group’s Sapelli platform allows participants with limited or no literacy 
to use smartphones and tablets to collect, share and analyse spatial data, allowing people to 
participate in mapping their communities and the environment around them using icons to 
symbolise ideas, rather than text. Icons can be customised so that they are easily understood 
by local communities and so that they fit with local cultural contexts. The platform is suited 
for remote regions as well as urban areas, as it only requires occasional connectivity to upload 
data to projects [82]. The Sapelli app is open source and free to use, and can be downloaded 
through Google Play or GitHub to be deployed in any project. The Sapelli app has been used in 
a variety of projects, from identifying wildlife crime in remote communities to mapping London 
neighbourhoods for wheelchair accessibility (see Box 10).

3.5. Building capacity 
for citizen science

The growing interest in citizen science has 
led to new investments to build capacity 
in the system. Alongside the expansion in 
the number and diversity of citizen science 
projects, growing policymaker investment into 
stakeholder engagement initiatives and direct 
funding of citizen science efforts (as discussed 
in Section 3.2.1), there are also increasing 
efforts to scale up capacity through various 
types of training and development support for 
citizen science project organisers and through 
new initiatives to tap into existing technological 
infrastructure and participant pools.

3.5.1. Interventions to build, spread and 
scale up citizen science capacity in the 
wider research system are emerging and 
helping stakeholders to develop bespoke 
platforms

Initiatives that seek to help build capacity 
for citizen science research to enable a 
wider range and larger number of people to 
contribute have emerged recently. These 
include innovative resources and services to 
help researchers without deep programming 
knowledge to develop citizen science platforms 
and mobile applications. One example is the 
work of the Mobile Collective (see Box 9), which 
works to build capacity through events, training 
and support in developing technological 
solutions for diverse stakeholders seeking to 
pursue citizen science projects.
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Box 9. Building capacity for citizen-science research

The Mobile Collective (TMC) brings together stakeholders – such as citizens, mobile application 
and web designers, educators and scientists – to help develop technology-based solutions 
for citizen science projects (among other uses). TMC accomplishes this through a number of 
activities that seek to scale up and spread capacity for citizen science in the wider research 
system. This includes ThinkCamps (events focused in a particular area such as mHealth that 
invite participants from across disciplines and skillsets to develop ideas), Hack Days (events 
focused around coding that invite people of all abilities to tinker with new technologies and 
materials to solve problems) and assistance with developing, prototyping and launching new 
solutions [88]. TMC has run and participated in events focused on increasing engagement, 
diversity and inclusiveness in citizen science; improving data visualisations in citizen science; 
developing a motion sensing camera trap for use in citizen science; and developing citizen 
science apps for climate change projects. TMC was also a partner in Citizen Cyberlab, an 
EU-funded initiative that focused on public participation in research, including through citizen 
science. Citizen Cyberlab initiated a number of projects, including Forest Watchers, which 
enabled citizen scientists to record evidence of the destruction of the Amazon rainforest, and 
CERTIFY, which enabled the public to contribute to basic fact-checking efforts to combat fake 
news [89].

There are also various resources (e.g. 
technology solutions) and services offered 
by private sector companies to enable those 
interested in developing citizen science 
projects to access citizen science platforms 
and build capacity. These include companies 
providing platforms on which bespoke project 
apps for citizen science projects can be 
created, such as Ethica Data [83], which has 
supported the SMART Study on barriers to 
active living (as discussed in Section 3.1.2), 
and SPOTTERON, which has supported the 
CrowdWater citizen science project seeking 
to source hydrological observations to help 
predict floods and areas of low water flow 
[84, 85]. They also include companies focused 
on facilitating data extraction and analysis of 
crowdsourced data, such as Scifabric [86], and 
companies providing bespoke support services 
for citizen science projects, including support 
in programming and data services and the 
development of specialised tools and sensors 
for data collection [87]. 

3.5.2. New platforms and portals 
tap into existing citizen science and 
crowdsourcing infrastructure to make 
citizen science more accessible to and 
feasible for researchers

Two innovative platforms – CloudResearch.
com (formerly TurkPrime.com) [90] and Quanti.
us [91] – have sought to make crowdsourcing 
more accessible to researchers by helping them 
to tap into existing technical infrastructure and 
capacity for participation in the system. Both 
of these platforms connect with Amazon’s 
Mechanical Turk (MTurk) for crowdsourcing 
projects. MTurk was launched in 2005 as a 
crowdsourcing platform where workers can be 
hired to perform discrete ‘microtasks’ that are 
not necessarily research related (for example 
commercial tasks involving data deduplication, 
data validation or content moderation) [92]. 
Increasingly, however, researchers are relying 
on ‘workers’ on the MTurk platform to complete 
tasks that would traditionally be carried out by 
participants in a research study, such as filling 
out a questionnaire, or tasks common to citizen 
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science projects, such as image classification 
and annotation. 

CloudResearch.com [90] and Quanti.us [91] are 
technological platforms designed to facilitate 
these types of research activities on the MTurk 
platform. The CloudResearch.com platform 
integrates with MTurk and supports tasks that 
are common to the social and behavioural 
sciences. Quanti.us allows large-scale manual 
image annotation by a distributed workforce 
through MTurk for research purposes. The 
introduction of these portals to facilitate 
researchers’ access to the MTurk ‘crowd’ is 
innovative in that it increases the accessibility 
of crowdsourcing for research purposes. 

3.6. Topical and emerging areas of 
discussion in the citizen science 
field
As described above, the field of citizen science 
has evolved in recent years, with innovation in the 
types and nature of platforms that enable citizen 
science projects, in methods for implementing 
citizen science research, in ways of attracting and 
retaining participants and in the variety of uses 
and applications of citizen science. 

Alongside these areas of innovation, there has 
been growing interest in understanding how 
citizen science can be done well, both from a 
governance and ethics perspective, and from the 
perspective of enabling high-quality participation 
in citizen science projects and sustaining 
enthusiasm and engagement. There has also 
been increasing interest in understanding what 
constitutes citizen science (where its boundaries 
lie) and discussion around its moral and 
utilitarian purpose [1, 93, Int 1, Int 3]. 

Reflecting the more general interest in this field, 
organisations such as the European Citizen 
Science Association (ECSA) have collected (as 
a part of the DITOs project discussed earlier, 
see Box 4) a series of guidelines and academic 
publications centred on the six components 
of Responsible Research and Innovation 

[94]: governance, science education, ethics, 
open access, gender and public engagement. 
Similarly, the citizen science group COST 
(Cooperation in Science & Technology) Action 
has focused on broadening the scope of 
citizen science participation beyond simply 
having citizen scientists as data gatherers 
or ‘social sensors’, and has produced some 
useful resources on how greater involvement 
of participants in research design and priority 
setting can be supported [95]. Additionally, 
there has been increased focus on enabling 
new ways of coordinating data across 
different citizen science efforts, particularly 
through considerations of data integration and 
interoperability (Int 2, Int 3). 

Below, we discuss in more detail the key 
themes that have recently been receiving 
the attention of scholars, policymakers and 
practitioners of citizen science.

3.6.1. The nature of engagement 
opportunities is evolving and there is a 
focus on greater involvement of citizen 
scientists in all project stages

There is a growing focus on greater 
involvement of citizen scientists throughout 
all stages of citizen science projects, with a 
particular emphasis on giving citizen scientists 
more control over determining research 
questions that will be meaningful to them 
and their communities. Box 10 presents 
some examples of citizen science projects 
that demonstrate the move towards deeper 
involvement throughout the research cycle, 
and towards more diverse opportunities for 
involvement beyond data collection.

This evolution partially reflects a wider 
phenomenon in terms of the growing interest 
in stakeholder engagement, participatory 
research and open science more generally 
[96, 97]. This creates blurred lines between 
what constitutes citizen science versus 
participatory research and versus patient and 
public involvement (PPI) in research. To some 
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authors, there is little or no distinction between 
citizen science and participatory research [98]; 
others see it as an issue of scale, with citizen 
science harnessing the power of the crowd 
to address research questions that otherwise 
might not be feasible [99]. While it is beyond 
the focus of this report to address in detail 
the definitional issues and boundaries, as 
discussed in Section 1.1, we have adopted 

the broad view of ECSA that citizen science 
entails the active participation of citizens within 
a project with a genuine scientific purpose, 
but recognise that this also holds for other 
concepts such as participatory research and 
PPI. Indeed the three forms of participation 
share much in common, including the goal of 
improving science and research through the 
involvement of those who are affected by it. 

Box 10. Some examples of the growing focus on ‘deeper’ involvement opportunities that extend 
beyond data collection roles

Citizen scientist involvement from project conception to completion – citizens are at the 
forefront of Wellcome’s Parenting Science Gang (PSG). The PSG was a citizen science 
project that ran from February 2017 to March 2019 wherein citizen scientists, who were mostly 
parents, proposed and carried out projects in conjunction with research scientists [100]. Most 
of the group’s research was facilitated through Facebook, which was used by the groups to aid 
discussions around the design and implementation of their research. The projects undertaken 
by the group included studies on how the composition of breast milk changes as babies age, 
the experiences of mothers and pregnant women with healthcare providers, and the body 
temperature of babies when they are carried in slings.

Citizens shaping project design in collaboration with researchers – the Ground Truth 2.0 
example. Ground Truth 2.0 is an EU-funded citizen science initiative that lets the public determine 
the research priorities of the citizen science projects it funds [101]. It is composed of six citizen 
observatories around the world that encourage lay people, scientists and policymakers to work 
together on issues of interest to local people using citizen science approaches. Current projects 
address issues such as sustainable resource management in Zambia, climate-proof water 
management in the Netherlands, and environmental quality of life in Flanders. The project is 
innovative in the degree of control that it gives to local people over the research process. 

UCL’s Extreme Citizen Science (ExCiteS) group (see Box 8) helps local communities use 
citizen science to address their needs. In one example, the indigenous Baka hunter-gatherers 
and Bantu farmers in Cameroon engaged in a citizen science project to track and report illegal 
wildlife crime. Participants were involved in designing the study aims and the data collection 
instrument. Working with this population presented challenges related to literacy, but through 
the Sapelli platform hosted by University College London (see Box 8), the project could be 
conducted entirely with icon-based data collection that was developed in conjunction with the 
participants. For example, icons were used to capture information on the animals that were 
being harmed (e.g. elephants, gorillas), the weapons that were used (e.g. guns, machetes, 
specific types of ammunition) and the activities that were taking place (e.g. poaching elephant 
tusks). Specific data was collected by guiding participants through a decision tree, in which 
selected icons from previous questions (e.g. selecting an elephant) would lead to more specific 
icons (e.g. what was happening with the elephant? Was it shot? Were its tusks cut off?). Icons 
in the decision tree were developed using a bottom-up approach with the local community, 
meaning that they were only included if they would make sense to participants. The information 
collected through this project was combined with automatically collected GIS data to provide 
Cameroon’s Ministry of Forestry and Wildlife with a more complete picture of illegal wildlife 
crimes in the region [82].
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3.6.2. As citizen science grows in 
popularity, scale and scope, data quality 
considerations are a key area of attention

The issues of ensuring high-quality data 
contributions and convincing the scientific 
community at large of the quality of citizen 
science data continue to be hot topics among 
the citizen science community. Various 
approaches are being considered in the effort 
to develop good practice, including developing 
standards for data interoperability (see Section 
3.6.3), virtual peers to address differing levels 
of contributions from citizen scientists and to 
minimise risks of bias in data (as discussed in 
Section 3.4.2), and more social interventions 
including external review of data by members 
of the project team or the citizen science 
community [102] or validation with a secondary 
data source [58].

In a study examining how human activity 
impacts on water quality [102], for example, 
researchers addressed concerns over potential 
data quality issues through external review 
of data gathered by citizen scientists. In this 
study, citizen scientist volunteers sampled 
water quality at locations of their choosing, 
with the locations being marked through geo-
tagging via a smartphone app. As a check 
on the quality of the data gathered by the 
citizen scientists, the researchers visited a 
selection of locations where water samples 
were taken, collected their own water samples 
and compared their results with those of the 
citizen scientists. The researchers specifically 
targeted locations for additional quality checks 
that contained contaminant levels which 
were especially high or low compared to 
other samples within the data set [102]. Data 
quality can also be checked by comparing data 
collected by citizen scientists to secondary 
sources of data, such as data collected by 
municipal authorities, as was the case in a 
study of water quality in China where water 
testing results from citizen scientists were 

compared against those from nearby official 
water-testing stations [58]. 

In the context of ensuring high-quality data, 
Hinckson et al. (2017) highlight the importance 
of ensuring that citizen scientists correctly 
understand the data they will be engaging with 
and that they can engage with it effectively 
[103]. The potential risks associated with 
groupthink – whereby the views of participants 
in a group trend towards conformity and 
harmony, potentially dysfunctionally so – are 
also receiving attention. For example, Uhlmann 
et al. (2019) argue that if one of the reasons 
for conducting citizen science is to capture 
the ‘wisdom of the crowd’ then groupthink 
should be a concern [54]. However, they also 
note that communication can facilitate peer 
learning and lead to improved performance 
of citizen scientists by correcting errors or 
misinformation. More research is needed on 
how to maximise the benefits of peer learning 
and communication between crowds of citizen 
scientists while minimising groupthink, and 
this issue merits consideration in the design of 
citizen science projects.

3.6.3. Initiatives to set standards are 
seeking to support high-quality citizen 
science and facilitate interoperability and 
data integration

There has been a growing focus on issues of 
data standards and interoperability in citizen 
science projects, not least so as to enable 
data integration across multiple initiatives and 
sources. For example, the European Citizen 
Science Association (ECSA), COST Action, 
the Data and Metadata Working Group of 
the Citizen Science Association (CSA) within 
the US, and others have been working to 
develop a set of common data standards 
that would allow interoperability and reuse of 
data across major citizen science platforms 
including SciStarter, citsci.org and the Wilson 
Center [104]. The standards address both 
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technical issues to allow information to 
flow between databases and the need for 
consistent documentation and presentation 
of data in order for users to be able to assess 
data quality. By facilitating the sharing of 
data, standards on interoperability could 
help facilitate more open science, thereby 
addressing one of the current critiques that 
citizen science often does not live up to its 
open science foundations because much 
citizen science-generated data is kept private 
or is not openly available for public use [105]. 

3.6.4. The diversity of participants is 
becoming an increasingly important 
consideration

As briefly discussed in Section 3.4, there is 
substantial focus on the issue of diversity 
in recent literature and discussions in the 
citizen science field [46, 67, 106, 107]. Diversity 
has been a challenge in citizen science 
projects, with contributions often coming 
disproportionately from highly educated and 
younger people [67, 106]. Fiske et al. (2019) 
caution that citizen science has the potential 
to (and often does) ‘replicate existing power 
structures, exclusions and disparities in access 
to health resources’ [67, p. 617] rather than 
fulfilling its promise to break down these 
barriers through open science methods. They 
argue that citizen science researchers need 
to be aware of issues of equity (e.g. including 
members of marginalised groups in meaningful 
ways), as well as historical power imbalances 
and injustices. A citizen scientist’s individual 
motivations for participating in a research 
project, as well as their personal knowledge 
of the subject or local environment, can 
potentially alter how they collect data and can 
affect data quality [102], making the pursuit 
of diversity not only a moral consideration 
but a key quality-related consideration. The 
type of diversity needed will often be context 
dependent and vary by the task at hand.

Some new efforts are taking place to ensure 
that diversity considerations feature more 
explicitly and prominently in the design of 
citizen science studies and in recruitment 
approaches. One example is the work 
undertaken by ExCiteS, which aims to 
recruit citizen scientists of any background 
or literacy level (see Box 8). Relatedly, work 
commissioned by the National Academies in 
the US and being conducted by researchers at 
the University of California, Davis focuses on 
citizen science as a way to increase scientific 
identity and agency, especially for communities 
that have traditionally been underrepresented 
in the scientific community [108]. 

3.6.5. The governance of citizen science 
projects is evolving and includes both 
technical and social safeguards for data 
privacy and security and efforts to clarify 
data ownership

The nature of citizen science and 
crowdsourcing, and open science endeavours 
more broadly, raises issues around governance 
and ethics, specifically with regard to privacy 
and security, informed consent, and ownership 
and control over any data or content that is 
produced by volunteers. Researchers have 
also raised concerns about possible risks and 
unintended consequences associated with 
citizen science and crowdsourcing methods.

Privacy, security and informed consent
Crowdsourcing and citizen science projects 
with large data collection components have 
raised privacy concerns related to protecting 
participants’ identities and the location of 
potentially vulnerable ecological resources 
[109]. Although concerns over privacy are not 
new, there are fresh considerations related 
to the ease with which study participants’ 
location can be tracked and identified due 
to smartphone and mapping technologies, 
presenting potential safety risks. In addition to 
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location data, other forms of information about 
participants – such as politically sensitive 
viewpoints, being identified as a member 
of a vulnerable population (e.g. immigrants, 
religious minorities) or personally identifiable 
health status data – also present potential 
security and safety risks [107].

One research study by Bowser et al. (2017) 
suggests that participants in citizen science 
projects value the sharing of data and personal 
information over protecting their personal 
privacy, and that in general people who 
volunteer for citizen science projects may have 
fewer privacy concerns than other members 
of the general public [109]. However, Bowser 
et al. (2017) find that citizen scientists are less 
likely to be comfortable sharing some types 
of data than others, specifically information 
on children, streaming data, and constant 
location tracking data [109]. They also suggest 
that people’s views on privacy are dependent 
on social context, rather than being a stable 
aspect of personality, and that some people 
who might otherwise have concerns over 
sharing their personal data in other contexts 
are willing to share it through citizen science 
projects with the expectation that it will be 
used for scientific purposes. If and when 
their data is reused for other purposes, this 
presents ethical concerns.

In response to privacy concerns, researchers 
have proposed a variety of technical and 
social solutions. Blockchain technology in 
particular appears to offer a promising avenue 
for protecting participants’ privacy while 
maintaining traceable data transactions to 
enhance data integrity. A blockchain is a digital 
record of transactions that is distributed across 
multiple computers within a network, providing 
a tamper-resistant method for tracking the 
provenance of data [110]. It is increasingly 
being used to facilitate contributions to 
citizen science and crowdsourcing projects 
from wearables and other sources [61, 111]. 

The distributed ledger system underlying 
blockchain technology can allow people 
to upload data while retaining their privacy 
but without sacrificing on important data 
quality concerns such as data validation and 
accountability [111]. Due to the traceability of 
the transaction, blockchain technology can 
also enable payments to research participants 
using cryptocurrencies while still protecting 
participants’ identities [111].

Other software-based solutions to protect 
citizen scientists’ and crowdsourcing 
participants’ privacy and security have been 
proposed. For example, a software-based 
system to protect the location of users within 
mobile crowdsourcing projects has been 
suggested [112]. Software-based solutions 
to help make crowdsourcing compliant 
with the European Union’s General Data 
Protection Regulation (GDPR) have also been 
proposed, including anonymiser products 
(tools to remove identifying information), 
pseudonymisers (tools to mask identifying 
information), track and evidence erasers (e.g. 
spyware detection and removal tools, and 
browser cleaning tools that remove cookies 
and other tracking software), encryption tools 
to protect data from being viewed by third 
parties [113], as well as software platforms that 
can join data from diverse apps using secure 
data management systems (as discussed 
in Section 3.1.1). Social solutions to data 
privacy and security concerns have also been 
suggested, including the use of administrative 
tools such as permission management 
systems that limit access to data to specified 
individuals [113], and previously discussed 
platforms (see Section 3.1.1) that allow for 
decisions related to the use of data to be 
controlled by either individual citizen scientists 
themselves (i.e. patient data cooperatives) or 
by a trusted intermediary (i.e. data trusts).
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Data ownership 
Researchers have also raised concerns 
around issues of data ownership when citizen 
scientists create content [114]. Depending 
on the type of content being created and the 
country in which the work is being produced, 
this could raise issues regarding copyright or 
intellectual property (IP) law. In most instances, 
the creator of any tangible piece of work such 
as a photograph or piece of writing holds 
the copyright to that piece of work unless 
other legal arrangements have been made 
[114]. According to Guerrini et al. (2018), 
citizen science projects typically use licensing 
agreements, in particular Creative Commons 
licences, to clarify ownership over content and 
to allow the project to use any material created 
by citizen scientists. 

Within the health research space, the potential 
for citizen scientists to contribute to patentable 
and potentially profitable discoveries, and how 
best to handle this, is a live issue. For example, 
citizen scientists have helped to identify 
patentable biomedical structures, such as 
protein sequences, through the citizen science 
game FoldIt, which considers individual citizen 
scientists to be co-inventors of any patentable 
discoveries [115]. In the case of potentially 
profitable discoveries, one approach that has 
been adopted is for organisations supporting 
the citizen science project to set up non-
profit organisations to handle any resulting 
commercial activities [114].

3.6.6. Increased attention is being paid 
to understanding what the risks and 
unintended consequences of citizen 
science projects can be and how they can 
be mitigated

Researchers have identified some potential 
risks and unintended consequences of citizen 
science participation and the widespread use 
of crowdsourcing. These stem largely from the 
voluntary nature of people’s participation. For 

example, Guerrini et al. (2018) suggest that 
citizen scientists can potentially be exposed to 
overwork, financial burden and vulnerability to 
harassment, but also identify potential benefits 
of participation including, for example, training 
in scientific processes or access to data for 
personal use [114]. There is the potential for 
citizen science and crowdsourcing projects to 
mitigate such risks through good governance 
practices such as informed consent and 
privacy protections (see Section 3.6.5). 
Ettlinger (2017) also argues that there are 
risks associated with companies engaging in 
crowdsourcing to solve business issues, with 
the potential to informalise work in a way that 
undervalues paid labour [116]. 

Risks related to unequal power dynamics 
between the researcher and citizen scientist 
are also discussed in the literature, in terms of 
power imbalances potentially compromising 
the role that citizen science and crowdsourcing 
can play in the democratisation of science 
[117]. Lastly, in the healthcare context, 
some concerns have been raised over the 
empowerment of patients through engagement 
in research activity, including citizen science 
research, being seen as a way to shift 
responsibility for health from the healthcare 
system to the patient [67].

3.6.7. There is a need to focus on defining 
citizen science and its roles, and to 
understand how it relates to and differs 
from other types of participatory research

As the field matures, we are witnessing 
a greater interest in setting boundaries 
delineating what is and what is not citizen 
science [1, 93]. This appears to be driven by a 
desire to ensure that citizen science research 
meets some minimum standards of quality 
in order to protect citizen scientists and the 
reputation of the field as a whole [1]. This is a 
contested endeavour because ‘citizen science’ 
has often been interpreted quite broadly, such 
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that it includes any form of science or research 
engagement involving members of the public, 
and some stakeholders view this inclusiveness 
as a strength [93]. However, as the term ‘citizen 
science’ has gained traction with the public, so 
too has its misuse: it is sometimes now applied 
to crowdsourcing activities with no research 
output and which some critics view as little 
more than marketing campaigns (Int 4). This 
has led to concerns that citizen science could 
lose credibility if it is associated with poor-
quality research, and to arguments that citizen 
scientist volunteers who sign up for projects 
labelled as citizen science must be able to know 
that they are participating in legitimate research 
projects with sound ethical guidelines in place. 
Failing this, Heigl et al. (2019) argue that citizen 
science research could lose the trust of those 
participating in it, further contributing to the 
apparent growing public distrust of science [1]. 
Furthermore, there is the potential that this loss 
of trust could translate into citizen scientists 
ceasing their participation in citizen science 
activities altogether if they feel as if their 
contributions have been misused (Int 4).
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This report has attempted to capture and 
consolidate a series of insights into key areas 
of innovation and important governance- and 
practice-related considerations in the field of 
citizen science. The field is evolving rapidly 
and taking stock of developments should 
be a periodic activity, so that learning about 
emerging developments can inform new and 
ongoing initiatives in a formative way. 

As we have shown throughout this report, the 
opportunities presented by both technology-
led developments and by social responses to 
them (especially in the governance of ethical 
practice and quality assurance space) are 
vast. These opportunities also give rise to 
new risks of unintended consequences that 
could potentially alienate contributors to 
citizen science efforts (e.g. risks that could 
accompany the implementation of AI and 
machine learning) and which may contribute to 
the misuse of citizen science (e.g. marketing 
campaigns being branded as citizen science). 

We caution that the practice of citizen science 
should not outpace society’s ability to deal 
with new developments. Developments related 
to the management of privacy, security and 
ownership considerations and quality control 
are progressing at pace. Further consideration 
and stakeholder engagement is needed to 
understand how the risks associated with 
the potential inappropriate branding of 
crowdsourcing activity as citizen science can 

be mitigated. A scale-up of efforts to develop 
technological solutions (e.g. app-based 
interfaces) and social interventions that can 
enable underrepresented communities to 
participate more actively in citizen science 
efforts is also an area for attention, especially 
in light of their importance in responding to 
many social challenges that require a more 
diverse and more comprehensive evidence 
base. The increased activity of citizen science 
associations around defining the field and 
standardising practices has the potential to 
tackle some of these concerns by setting 
standards around data privacy and security, 
and by addressing ethical considerations on 
how best to involve the public in citizen science 
research. 

Finally, with the increasing scale of citizen 
science activities taking place globally, the field 
seems ripe for more focus to be placed on 
the evaluation of past and ongoing practices 
in order to develop an understanding of what 
has worked well, and where the priorities for 
improvement lie. Without a doubt, citizen 
scientists themselves will have an important 
role to play in any evaluation efforts going 
forward.

Conclusion4
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