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Achieving the health and well-being related Sustainable Development Goals
(SDGs) and the World Health Organization's (WHO) Triple Billion Targets
depends on informed decisions that are based on concerted data collection and
monitoring efforts. Even though data availability has been increasing in recent
years, significant gaps still remain for routine surveillance to guide policies
and actions. The COVID-19 crisis has shown that more and better data and
strengthened health information systems are needed to inform timely decisions
that save lives. Traditional sources of data such as nationally representative
surveys are not adequate for addressing this challenge alone. Additionally, the
funding required to measure all health and well-being related SDG indicators
and Triple Billion Targets using only traditional sources of data is a challenge to
achieving efficient, timely and reliable monitoring systems. Citizen science, public
participation in scientific research and knowledge production, can contribute to
addressing some of these data gaps efficiently and sustainably when designed
well, and ultimately, could contribute to the achievement of the health and well-
being related SDGs and Triple Billion Targets. Through a systematic review of
health and well-being related indicators, as well as citizen science initiatives, this
paper aims to explore the potential of citizen science for monitoring health and
well-being and for mobilizing action toward the achievement of health and well-
being related targets as outlined in the SDG framework and Triple Billion Targets.
The results demonstrate that out of 58 health and well-being related indicators
of the SDGs and Triple Billion Targets covered in this study, citizen science could
potentially contribute to monitoring 48 of these indicators and their targets,
mostly at a local and community level, which can then be upscaled at a national
level with the projection to reach global level monitoring and implementation.
To integrate citizen science with official health and well-being statistics, the main
recommendation is to build trusted partnerships with key stakeholders including
National Statistical Offices, governments, academia and the custodian agencies,
which is mostly the WHO for these health and well-being related targets and
indicators.

Sustainable Development Goals (SDGs), Triple Billion Targets, data gaps and needs,
official statistics, citizen science, health and well-being, health and well-being
indicators
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- Achieving the health and well-being related SDGs and the WHO?’s Triple Billion Targets
depends on better data and strengthened health information systems.

- Citizen science can increase the availability, quality, granularity, applicability and timeliness
of health and well-being related data.

- 48 out of 58 health and well-being related indicators (83%) of the SDGs and the WHO’s Triple
Billion Targets can benefit from citizen science data in a direct or supplementary way.

- Integrating citizen science with official health and well-being statistics requires trusted

partnerships with key stakeholders, such as the National Statistical Offices, the custodian

agencies and the citizen science community.

1. Introduction

The United Nations Sustainable Development Goals (UN SDGs),
which were ratified in September 2015 by the member states of the
UN, aim to end poverty, achieve prosperity and protect the planet,
while leaving no one behind (1). Comprised of 17 overarching goals,
and 169 targets, the SDGs are monitored through 231 unique
indicators forming the Global Indicator Framework (GIF), which have
been developed under the aegis of the Inter-agency and Expert Group
on SDG Indicators (IAEG-SDGs) (2). One or more custodian
agencies, which are typically UN agencies or other international
organizations, have been assigned to each indicator for methodology
development, data compilation and reporting at a global level (3).
Custodian agencies are also responsible for developing techniques for
filling data gaps and to ensure that indicators are comparable globally.
When an indicator has an agreed methodology and good data
coverage (defined as the availability of data for at least 50% of countries
and of the population in every region where the indicator is relevant), it
is classified as Tier L. Tier II refers to indicators where data are lacking.
As of 30 November 2022, 148 indicators are Tier I, 77 indicators are
Tier IT and there are 6 indicators with components that have multiple
tiers (4).

The primary responsibility for SDG monitoring lies with national
governments, which is undertaken by National Statistical Offices
(NSOs) and other relevant line ministries (2), often using traditional
forms of data collection, such as censuses or household surveys, and
administrative or routine monitoring and surveillance systems. The
data provided at national level feed the Global SDG Indicators Data
Platform, which are used to analyze progress on a regional and global
scale (5). However, measuring all relevant indicators at national level
comes at a considerable cost, and this represents a barrier to assessing
progress made toward the SDGs, especially in the case of low- and
lower-middle income countries (6). Moreover, as outlined above,
about 33% of indicators are still classified as Tier II in 2023, signifying
the persistence of large gaps in data availability, and even for Tier 1
indicators, only 19% of the required data are available to track progress
on the SDGs across countries and over time (7).

In addition to the SDGs, the Triple Billion Targets, which are the
basis of the WHO’s Thirteenth General Program of Work (GPW13)
as a measurement and policy framework, also require timely, accurate
and actionable data. The GPW13 was initially intended to cover the
period 2019-2023, and then extended to 2025 (8). Providing strategic
direction to WHO’s work, the GPW 13 also serves as the basis for
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resource allocation and mobilization to achieve WHQO’s mission,
which is to “promote health, keep the world safe and serve the
vulnerable” GPW13 is structured based on three strategic priorities,
namely, (i) to ensure healthy lives and well-being for all at all ages, (ii)
achieving universal health coverage, and (iii) addressing health
emergencies and promoting healthier populations. More specifically,
these strategic priorities also constitute the Triple Billion Targets,
which are (i) one billion more people benefitting from universal health
coverage, (ii) one billion more people better protected from health
emergencies and (iii) one billion more people enjoying better health and
well-being. These targets have a particular focus on measuring impact,
prioritizing the reduction of health inequalities, driving health impact
in every country through leadership, resource mobilization, urgent
action and building partnerships. The Triple Billion Targets and the
GPW13 are based on the SDGs, as they align with them and thus can
help countries deliver on the SDGs simultaneously. They include 46
indicators, 39 of which are already SDG indicators, such as the
coverage of essential health services (SDG indicator 3.8.1) and safely
managed drinking water (SDG indicator 6.1.1), among others. Seven
additional indicators cover areas such as noncommunicable diseases
(hypertension, obesity, trans fats policy), polio, antimicrobial
resistance and health emergencies (vaccine coverage for epidemic
prone diseases, provision of essential services to vulnerable
populations) (9).

Both the health and well-being related SDGs and the Triple Billion
Targets require strong health and well-being monitoring systems,
which currently is not the case in many parts of the world. Health and
well-being are challenging to define as they have different meanings
in different socio-cultural contexts (10, 11). The WHO (12) defines
health as “a state of complete physical, mental and social well-being,
and not merely the absence of disease or infirmity” This definition
emphasizes well-being linking it to positive emotions and state (10,
13). Well-being has two conceptual dimensions as objective well-being
and subjective well-being (14-16). Objective well-being focuses on
aspects related to material and social attributes such as income,
housing and education (17, 18), while subjective well-being refers to
one’s own perception about their life and their level of satisfaction with
it (15, 19, 20). In the context of this research, we consider health and
well-being as defined in the SDGs, and more specifically in the targets
of SDG 3 “Good Health and Well-being,” covering topics from
reducing maternal mortality (Target 3.1) to achieving universal health
coverage (Target 3.8). Beyond SDG 3, our definition also includes
topics related to public, global and environmental health and covers
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issues such as violence against women, air quality or access to safely
managed drinking water, among others, covered in different SDGs
and Triple Billion Targets.

The challenging situation on data availability has been further
compounded by the COVID-19 pandemic. Even though the pandemic
is not explicitly covered by the SDGs or Triple Billion Targets, as it
started after the adoption of both frameworks, it is highly relevant to
both of them, as it has negatively affected the monitoring and
achievement of many health and well-being related indicators and
targets. For example, the 2022 Global SDG Report highlights that
COVID-19 disrupted essential health services and posed major
threats to societies beyond the risk to health (21). It has had an impact
on children’s learning and well-being, and women have suffered from
loss of jobs and livelihoods. It has also intensified inequalities within
and among countries. The poorest and most vulnerable are the worst
affected by the economic and social consequences of the virus (22).
Additionally, inequities in vaccine distribution and health services are
also a threat to improving people’s well-being more generally. As of
May 2022, only 17% of people in low-income countries had received
at least one dose of a vaccine, while in high-income countries, this
proportion is more than 80% (23).

COVID-19 has also demonstrated that weak data and information
systems pose an additional challenge to decision makers who need
evidence to make timely decisions for interventions that could save
lives. For example, only 38% of countries had the required monthly
mortality data from January 2020 to December 2021 to understand
COVID-19-related excess mortality, and a recent study by the WHO
shows that excess deaths due to COVID-19 were 2.74 times greater
than the 5.42 million reported for this period (24).

10.3389/fpubh.2023.1202188

Figures 1-3 show data availability for WHO’s Triple Billion
Targets related to Universal Health Coverage, Health Emergencies
Protection and Healthier Populations, which also include the health
and well-being related SDG indicators covered in this study. These
figures show that a large amount of data are missing. The situation
related to data availability has not improved dramatically over the past
20vyears, and much of the data, even when they exist, are not very
timely. For example, in the Healthier Populations target (Figure 3),
data related to most of the indicators are missing during or
since COVID.

One concrete example on data availability is the proportion of
women (aged 15-49) having need for family planning satisfied with
modern methods (%), which is both an SDG (3.7.1) and a Triple Billion
Target indicator; 65 countries had no data available between 2000-
2018, 54 countries have at least one data point available since 2015 or
later, and 52 countries have trend data, which means they have at least
two data points available, with the latest data from 2015 or later (9).

To address the challenges on data availability, alternative data
sources and methods could be utilized for monitoring health and well-
being (26, 27). Citizen science has recently been recognized as a
potential source of data for the SDGs, e.g., to provide data at a higher
spatial and temporal resolution or more detailed information than
traditional, authoritative data sources alone might provide (6, 28, 29).

Citizen science is broadly defined as the public involvement
in scientific research and knowledge production (30). Monitoring
birds, measuring water quality, examining satellite imagery for
missing airplanes, reporting on sexual or physical violence,
collecting litter and data from beaches and riverbanks are all
examples of citizen science. Citizen science includes diverse
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Universal Health Coverage indicators from the WHO's Triple Billion Targets and the SDG framework. Dark red indicates that data are missing for all
countries for the mentioned year while bright green on the opposite end of the spectrum shows that there are no missing values reported for all
countries, which is 194 in total. Shades in between show partial data availability. Source: WHO, 2023.
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Health Emergencies indicators from the WHO's Triple Billion Targets and the SDG framework. Dark red indicates that data are missing for all countries
for the mentioned year while bright green on the opposite end of the spectrum shows that there are no missing values reported for all countries,
which is 194 in total. Shades in between show partial data availability. Source: WHO, 2023.
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methodologies, participants, actors, and practices, which can
strengthen the ties between science and the general public (31).
It can empower individuals and communities, even the most
marginalized ones, and support more inclusive scientific practices
and outputs (32-34). It can help increase awareness and inspire
action to address challenges facing our society in a collaborative
way and guide decisions made at a local, national, and global
level, encouraging more inclusive and responsive decision-
making (35, 36). Citizen science can also help to address large
data gaps and needs, crucial for both science and policy, including
the monitoring of the SDGs, as mentioned above (29). Citizen
science can also be referred to as crowdsourcing (37, 38),
(39),
participatory research (40), participatory action research (41),

community-based  monitoring community-based
volunteered geographic information (42), and participatory
sensing (43), among others, which reflects contextual, disciplinary
and cultural differences in the field (44, 45). Citizen science
approaches vary from contributory projects, where the role of the
participants is to collect or analyze data, to co-created projects
involving participants in most or all stages of research including
study design (45, 46). Although citizen science is well established
in environmental and ecological sciences as the field in which the
term originated (47), it has also been gaining recognition in other
disciplines and areas including health and well-being (48-52). For
example, a recent study showed that citizen science approaches in
the field of health have been used in chronic disease prevention
to address various issues such as mental health, tobacco and
alcohol control, nutrition and physical activity and green spaces
(52). Other examples of health citizen science include self
reporting on health conditions using wearables or mobile apps in
cowdsourced health research (53, 54), mobilizing communities to
support the monitoring of public service delivery in community-
based monitoring projects (55), and sharing lived experiences in
managing complex health conditions in patient-powered research
networks (56). More examples of existing health citizen science
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projects are provided in the results section, as well as in the
Supplementary material. The data gaps related to health and well-
being are shown in Figures 1-3.

Some research has already been undertaken to examine the
potential of citizen science for monitoring progress toward the
SDGs (57-61). A systematic review undertaken by Fraisl et al. (62)
at the indicator level focused on the potential of citizen science data
for SDG monitoring and found that citizen science is already
contributing to the monitoring of five SDG indicators and has the
potential to contribute to an additional 76 indicators. Although the
majority of contributions were situated in the environmental
domain, SDG 3 on Health and Well-being, and SDG 6 on Clean
Water and Sanitation were both identified as having a high potential
for benefiting from citizen science data. The study also demonstrated
that the WHO is the custodian agency that has the greatest potential
in terms of benefiting from citizen science data for SDG
monitoring (62).

Although some citizen science initiatives were identified that
could address the data gaps and needs in the SDG GIF by Frais] et al.
(62), there is a need to gain a more comprehensive understanding of
the potential of citizen science for contributing to those SDG
indicators specifically related to health and well-being. This would not
only help to better assess and act on the contributions of citizen
science data to SDG monitoring and implementation, but it would
also support the mobilization of resources, guiding action and creating
multistakeholder partnerships, as highlighted in GPW13 and the
Triple Billion Targets. It is important to note that well-being has not
yet been properly addressed by WHO but work is underway to address
that lacuna (63), which may lead to even further data demands.
Additionally, identifying the potential contributions of citizen science
data to measure and achieve the Triple Billion Targets requires a more
in-depth investigation.

Hence, the aim of this paper is to update and extend the systematic
review of Fraisl et al. (62), focusing only on health and well-being, to
demonstrate the potential contributions and opportunities of citizen
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Healthier Populations indicators from the WHQO's Triple Billion Targets and the SDG framework. Dark red indicates that data are missing for all countries
for the mentioned year while bright green on the opposite end of the spectrum shows that there are no missing values reported for all countries,
which is 194 in total. Shades in between show partial data availability. Source: WHO, 2023.
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science data for achieving health and well-being related SDGs and
Triple Billion Targets considering Covid-19 as a driver. The paper also
aims to discuss the challenges raised by citizen science approaches.
Finally, the paper provides recommendations that could be turned
into actionable results and success stories that will set examples for
NSOs and National Statistical Systems (NSS) worldwide to reduce
their health and well-being related data gaps and mobilize timely
action to achieve health and well-being for all.

2. Materials and methods

The methodology is composed of two parts. In the first part,
we updated and expanded the systematic review that was undertaken
by Fraisl et al. (62), focusing only on those SDG indicators related
to health and well-being and added to it the additional WHO Triple
Billion indicators that are not covered in the SDGs. The second part
involved synthesizing results from internet and literature searches
to gain a better understanding of where citizen science is currently
contributing to health and well-being more generally. Figure 4
shows the various steps in the methodology.

The starting point for this health and well-being related
indicator review with respect to relevant citizen science initiatives
is Supplementary Table S1 in the Supplementary material of the
study undertaken by Fraisl et al. (62). The first step was to filter the
table for those SDG indicators that are related to health and well-
being. This was done by first selecting all 28 indicators in SDG 3
Good Health and Well-being. Further indicators from other SDGs
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were then added in which WHO is listed as a custodian or partner
agency. Following this step, three SDG indicators, i.e., 1.5.1 Number
of deaths, missing persons and directly affected persons attributed to
disasters per 100,000 population, 5.6.1 Proportion of women aged
15-49 years who make their own informed decisions regarding sexual
relations, contraceptive use and reproductive health care and 16.2.1
Proportion of children aged 1-17 years who experienced any physical
punishment and/or psychological aggression by caregivers in the past
month, were added even though WHO is not listed as a custodian
or partner agency, because they are part of the WHO Triple Billion
Targets. Finally, seven additional indicators covered by the WHO
Triple Billion Targets (which are not part of the SDG GIF) were
added to this review, as all the other Triple Billion Targets are also
SDG indicators at the same time and are already covered in the
study because of this overlap. We then updated this table for changes
to the tier classification using the latest version of the SDG
indicators downloaded from the UN Statistics Division website
corresponding to 30 November 2020. The final list of indicators
covered in this analysis related to health and well-being contains 58
indicators in total. Table 1 provides a list of these indicators, their
targets, goals and the latest tier classifications (updated on 30
November 2022 by the UNSD), which shows 51 SDG indicators,
and seven additional Triple Billion indicators that are not covered
in the SDG GIFE.

In the next phase, we consulted the methodologies of these
indicators by reviewing the metadata documents of health and well-
being related SDG indicators for any update in the methodology that
may have occurred since the systematic review of Fraisl et al. (62) was
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FIGURE 4
Overview of the methodology used in the study.

undertaken, i.e., if they all had agreed methodologies at the time of the
review. Then, we examined the methodologies of seven non-SDG
indicators that are Triple Billion Target indicators described in
the GPW13.

Following this step, we systematically searched for additional
citizen science initiatives to those identified by Fraisl et al. (62). Our
search included the following:

1. We queried two databases of citizen science projects: Scistarter'
and Zooniverse? using health and well-being, and indicator
specific keywords, such as air quality, water quality, etc.;

2. We did an internet search using health and well-being and
indicator specific keywords and combinations of ‘citizen
science, ‘community-based monitoring), ‘crowdsourcing, etc.
and found further literature through reference lists in papers
and reports. For example, for indicator “3.3.3 Malaria incidence
per 1,000 population,” the keyword search included “citizen
science” AND “malaria’; “citizen science” AND “mosquito’;

AND

« . Ly « . »
community-based  monitoring malaria”;

1 https://scistarter.org/
2 https://www.zooniverse.org/
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“‘community-based  monitoring” AND  “mosquito’;
“crowdsourcing” AND “malaria” and others. The internet
search was necessary because many of these citizen science
initiatives, especially local scale and community level projects,
such as community-based monitoring activities, do not appear

in the peer-reviewed literature.

In contrast to Fraisl et al. (62), where the objective was to find at
least one example of a citizen science project contributing to the SDGs
or with the potential to contribute, here we attempted to find more
projects to have a better overview of the landscape of relevant current
and past initiatives. In terms of the exclusion criteria, one example is
that similar to Fraisl et al. (62), we did not include projects where
participants were paid salaries such as some Community Health
Workers (CHWs), but we did include those where participants may
receive small incentives such as uniforms and bikes to be able to
commute between villages (64). One challenge regarding the inclusion
or exclusion of projects in this study was related to the definitions and
terminologies related to both “citizen science” and “health and well-
being” As highlighted in the introduction section, setting concrete
boundaries for the field of citizen science is difficult due to diverse
terms, definitions, methodologies and approaches involved, which
also makes it difficult to decide which activities fall under the umbrella
of citizen science. To address this challenge, we used the European
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TABLE 1 A list of health and well-being related indicators covered in this study as part of the SDG GIF in which the WHO is listed as a custodian or
partner agency and the WHO's Triple Billion Targets, as well as the brief results of the systematic review.

Indicator Current tier Potential
classification  of citizen
(2023) science
Goal 1. End poverty in all its forms everywhere
1.4 By 2030, ensure that all men and women, in particular the poor and | 1.4.1 Proportion of population living in households Tier I Could
the vulnerable, have equal rights to economic resources, as well as with access to basic services Contribute
access to basic services, ownership and control over land and other
forms of property, inheritance, natural resources, appropriate new
technology and financial services, including microfinance
1.5 By 2030, build the resilience of the poor and those in vulnerable 1.5.1 Number of deaths, missing persons and directly Tier I Could
situations and reduce their exposure and vulnerability to climate- affected persons attributed to disasters per 100,000 Contribute
related extreme events and other economic, social and environmental population
shocks and disasters
1.a Ensure significant mobilization of resources from a variety of 1.a.2 Proportion of total government spending on Tier I/II depending No alignment
sources, including through enhanced development cooperation, in essential services (education, health, and social on service
order to provide adequate and predictable means for developing protection)
countries, in particular least developed countries, to implement
program and policies to end poverty in all its dimensions
Goal 2. End hunger, achieve food security and improved nutrition and promote sustainable agriculture
2.2 By 2030, end all forms of malnutrition, including achieving, by 2.2.1 Prevalence of stunting (height for age < —2 Tier I No alignment
2025, the internationally agreed targets on stunting and wasting in standard deviation from the median of the World
children under 5years of age, and address the nutritional needs of Health Organization (WHO) Child Growth Standards)
adolescent girls, pregnant and lactating women and older persons among children under 5 years of age
2.2.2 Prevalence of malnutrition (weight for height>+2 = TierI Could
or < —2 standard deviation from the median of the Contribute
WHO Child Growth Standards) among children under
5years of age, by type (wasting and overweight)
2.2.3 Prevalence of anemia in women aged 15 to Tier I Could
49years, by pregnancy status (percentage) Contribute
Goal 3. Ensure healthy lives and promote well-being for all at all ages
3.1 By 2030, reduce the global maternal mortality ratio to less than 70 3.1.1 Maternal mortality ratio Tier I Could
per 100,000 live births Contribute
3.1.2 Proportion of births attended by skilled health Tier I Could
personnel Contribute
3.2 By 2030, end preventable deaths of newborns and children under 3.2.1 Under-5 mortality rate Tier I Could
5years of age, with all countries aiming to reduce neonatal mortality to Contribute
at least as low as 12 per 1,000 live births and under-5 mortality to at 3.2.2 Neonatal mortality rate Tier I Could
least as low as 25 per 1,000 live births Contribute
3.3 By 2030, end the epidemics of AIDS, tuberculosis, malaria and 3.3.1 Number of new HIV infections per 1,000 Tier 1 Could
neglected tropical diseases and combat hepatitis, water-borne diseases uninfected population, by sex, age, and key populations Contribute
and other communicable diseases 3.3.2 Tuberculosis incidence per 100,000 population Tier I Could
Contribute
3.3.3 Malaria incidence per 1,000 population Tier I Could
Contribute
3.3.4 Hepatitis B incidence per 100,000 population TierI Could
Contribute
3.3.5 Number of people requiring interventions against = Tier I Could
neglected tropical diseases Contribute
(Continued)
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Frontiers in Public Health

08

3.4 By 2030, reduce by one third premature mortality from non- 3.4.1 Mortality rate attributed to cardiovascular disease, = TierI Could
communicable diseases through prevention and treatment and cancer, diabetes or chronic respiratory disease Contribute
promote mental health and well-being 3.4.2 Suicide mortality rate Tier I Could
Contribute
3.5 Strengthen the prevention and treatment of substance abuse, 3.5.1 Coverage of treatment interventions Tier IT Could
including narcotic drug abuse and harmful use of alcohol (pharmacological, psychosocial and rehabilitation and Contribute
aftercare services) for substance use disorders
3.5.2 Alcohol per capita consumption (aged 15years and | Tier I Could
older) within a calendar year in liters of pure alcohol Contribute
3.6 By 2020, halve the number of global deaths and injuries from road 3.6.1 Death rate due to road traffic injuries Tier I Could
traffic accidents Contribute
3.7 By 2030, ensure universal access to sexual and reproductive health- | 3.7.1 Proportion of women of reproductive age (aged TierI Could
care services, including for family planning, information and 15-49years) who have their need for family planning Contribute
education, and the integration of reproductive health into national satisfied with modern methods
strategies and program 3.7.2 Adolescent birth rate (aged 10-14 years; aged Tier I Could
15-19years) per 1,000 women in that age group Contribute
3.8 Achieve universal health coverage, including financial risk 3.8.1 Coverage of essential health services Tier I Could
protection, access to quality essential health-care services and access to Contribute
safe, effective, quality and affordable essential medicines and vaccines 3.8.2 Proportion of population with large household Tier I No alignment
forall expenditures on health as a share of total household
expenditure or income
3.9 By 2030, substantially reduce the number of deaths and illnesses 3.9.1 Mortality rate attributed to household and Tier I Could
from hazardous chemicals and air, water and soil pollution and ambient air pollution Contribute
contamination 3.9.2 Mortality rate attributed to unsafe water, unsafe Tier I Could
sanitation and lack of hygiene (exposure to unsafe Contribute
Water, Sanitation and Hygiene for All (WASH) services)
3.9.3 Mortality rate attributed to unintentional Tier I Could
poisoning Contribute
3.a Strengthen the implementation of the World Health Organization 3.a.1 Age-standardized prevalence of current tobacco Tier I Could
Framework Convention on Tobacco Control in all countries, as use among persons aged 15 years and older Contribute
appropriate
3.b Support the research and development of vaccines and medicines 3.b.1 Proportion of the target population covered by all = TierI Could
for the communicable and non-communicable diseases that primarily vaccines included in their national program Contribute
affect developing countries, provide access to affordable essential 3.b.2 Total net official development assistance to Tier I No alignment
medicines and vaccines, in accordance with the Doha Declaration on medical research and basic health sectors
the TRIPS Agreement and Public Health, which affirms the right of
3.b.3 Proportion of health facilities that have a core set Tier IT Could
developing countries to use to the full the provisions in the Agreement
of relevant essential medicines available and affordable Contribute
on Trade-Related Aspects of Intellectual Property Rights regarding
on a sustainable basis
flexibilities to protect public health, and, in particular, provide access to
medicines for all
3.c Substantially increase health financing and the recruitment, 3.c.1 Health worker density and distribution Tier I No alignment
development, training and retention of the health workforce in
developing countries, especially in least developed countries and small
island developing States
3.d Strengthen the capacity of all countries, in particular developing 3.d.1 International Health Regulations (IHR) capacity Tier I No alignment
countries, for early warning, risk reduction and management of and health emergency preparedness
national and global health risks 3.d.2 Percentage of bloodstream infections due to Tier I Could
selected antimicrobial-resistant organisms Contribute
(Continued)

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1202188
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Fraisl et al.

TABLE 1 (Continued)
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(2023)

Potential
of citizen
science

Goal 4. Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all

4.2 By 2030, ensure that all girls and boys have access to quality early 4.2.1 Proportion of children aged 24-59 months who Tier II Could
childhood development, care and pre-primary education so that they are developmentally on track in health, learning and Contribute
are ready for primary education psychosocial well-being, by sex
Goal 5. Achieve gender equality and empower all women and girls
5.2 Eliminate all forms of violence against all women and girls in the 5.2.1 Proportion of ever-partnered women and girls Tier I Already
public and private spheres, including trafficking and sexual and other aged 15years and older subjected to physical, sexual or Contributing
types of exploitation psychological violence by a current or former intimate & Could
partner in the previous 12 months, by form of violence Contribute
and by age
5.2.2 Proportion of women and girls aged 15 years and Tier IT Already
older subjected to sexual violence by persons other than Contributing
an intimate partner in the previous 12 months, by age & Could
and place of occurrence Contribute
5.3 Eliminate all harmful practices, such as child, early and forced 5.3.1 Proportion of women aged 20-24 years who were Tier Could
marriage and female genital mutilation married or in a union before age 15 and before age 18 Contribute
5.3.2 Proportion of girls and women aged 15-49 years Tier I Could
who have undergone female genital mutilation/cutting, Contribute
by age
5.6 Ensure universal access to sexual and reproductive health and 5.6.1 Proportion of women aged 15-49 years who make  Tier I Already
reproductive rights as agreed in accordance with the Program of their own informed decisions regarding sexual Contributing
Action of the International Conference on Population and relations, contraceptive use and reproductive health & Could
Development and the Beijing Platform for Action and the outcome care Contribute
documents of their review conferences 5.6.2 Number of countries with laws and regulations Tier [ No alignment
that guarantee full and equal access to women and men
aged 15years and older to sexual and reproductive
health care, information and education
Goal 6. Ensure availability and sustainable management of water and sanitation for all
6.1 By 2030, achieve universal and equitable access to safe and 6.1.1 Proportion of population using safely managed Tier I Could
affordable drinking water for all drinking water services Contribute
6.2 By 2030, achieve access to adequate and equitable sanitation and 6.2.1 Proportion of population using (a) safely managed | Tier I (a)/Tier II (b) Could
hygiene for all and end open defecation, paying special attention to the | sanitation services and (b) a hand-washing facility with Contribute
needs of women and girls and those in vulnerable situations soap and water
6.3 By 2030, improve water quality by reducing pollution, eliminating 6.3.1 Proportion of domestic and industrial wastewater  Tier I Could
dumping and minimizing release of hazardous chemicals and flows safely treated Contribute
materials, halving the proportion of untreated wastewater and
substantially increasing recycling and safe reuse globally
6.a By 2030, expand international cooperation and capacity-building 6.a.1 Amount of water-and sanitation-related official Tier I No alignment
support to developing countries in water-and sanitation-related development assistance that is part of a government-
activities and programs, including water harvesting, desalination, water | coordinated spending plan
efficiency, wastewater treatment, recycling and reuse technologies
6.b Support and strengthen the participation of local communities in 6.b.1 Proportion of local administrative units with Tier I No alignment
improving water and sanitation management established and operational policies and procedures for
participation of local communities in water and
sanitation management
Goal 7. Ensure access to affordable, reliable, sustainable and modern energy for all
7.1 By 2030, ensure universal access to affordable, reliable and modern | 7.1.2 Proportion of population with primary reliance on | Tier I Could
energy services clean fuels and technology Contribute
(Continued)
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TABLE 1 (Continued)
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Potential
of citizen
science

Current tier

classification

Goal 11. Make cities and human settlements inclusive, safe, resilient and sustainable

(2023)

11.6 By 2030, reduce the adverse per capita environmental impact of
cities, including by paying special attention to air quality and municipal

and other waste management

11.6.2 Annual mean levels of fine particulate matter

(e.g., PM2.5 and PM10) in cities (population weighted)

Tier I Could

Contribute

Goal 16. Promote peaceful and inclusive societies for sustainable development, provide access to justice for all and build effective, accountable and inclusive institutions at all

levels
16.1 Significantly reduce all forms of violence and related death rates 16.1.1 Number of victims of intentional homicide per Tier I Could
everywhere 100,000 population, by sex and age Contribute
16.1.3 Proportion of population subjected to (a) Tier I Already
physical violence, (b) psychological violence and (c) Contributing
sexual violence in the previous 12 months & Could
Contribute
16.2 End abuse, exploitation, trafficking and all forms of violence 16.2.1 Proportion of children aged 1-17 years who Tier I Could
against and torture of children experienced any physical punishment and/or Contribute
psychological aggression by caregivers in the past
month
Triple Billion Target: Health emergencies Vaccine coverage for epidemic prone diseases N/A Could
Contribute
Triple Billion Target: Health emergencies Proportion of vulnerable people in fragile settings N/A Could
provided with essential health services (%) Contribute
Triple Billion Target: Healthier populations WHAG6.10: Prevalence of raised blood pressure in N/A Could
adults aged >18 Contribute
Triple Billion Target: Healthier populations WHAG66.10: Best practice policy implemented for N/A No alignment

industrially produced trans fatty acids (TFA) (Y/N)

Triple Billion Target: Healthier populations WHAG66.10: Prevalence of obesity among children and N/A Could
adolescents (aged 5-19) (%) Prevalence of obesity Contribute
among adults aged >18

Triple Billion Target: Healthier populations N WHA68.3: Number of cases of poliomyelitis caused N/A Could
by wild poliovirus Contribute

Triple Billion Target: Healthier populations WHAG68.7: Patterns of antibiotic consumption at N/A Could
national level Contribute

Citizen Science Association (ECSA) Characteristics of Citizen Science,
which aim to assist in the interpretation of citizen science activities
regarding what constitutes citizen science (45, 65, 66). Similarly,
defining health and well-being is also not very straightforward. In the
context of this review, our inclusion and exclusion criteria included
the topics, targets and indicators covered by SDG 3 “Good Health and
Well-being” as well as other public, global and environmental health
and well-being issues that are subject to other SDGs and Triple Billion
Targets for which the WHO is custodian or partner agency as
described in the introduction section. Finally, as an inclusion criteria,
we selected initiatives that are in English, as the working language of
the authors is English, which is a limitation addressed in the
discussion section.

We then reviewed each health and well-being indicator to explore
whether the newly identified citizen science projects (i) are currently
contributing data to an indicator, which refers to the cases where the
data from a citizen science project are or were used for monitoring or
reporting of a specific indicator at a national or global level; or (ii)
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could contribute to them in the future, which is used to describe
projects, where data from a citizen science initiative could be used to
monitor an indicator, but are currently not used and the project
methodology may need to be revised before the data can be used for
monitoring and reporting purposes; or (iii) no alignment was
identified with any existing or ongoing citizen science initiative and
the indicator. It is important to note that this review is based on
existing citizen science initiatives, which means that for an indicator
that is mapped as “no alignment” in this study, a new citizen science
project may be available in the future and our results may need to
be updated. The definitions and criteria for each of these three
categories are identified by Fraisl et al. (62). Additionally, both the
SDGs and the Triple Billion Targets are interlinked, which means that
a project can potentially contribute to several indicators, as shown in
the Supplementary material. For example, the “Snakebite Information
and Data Platform” project “could contribute” to the monitoring of
several indicators, such as 1.4.1, 3.3.5, and the Triple Billion indicator
Health emergencies: Proportion of vulnerable people in fragile settings
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provided with essential health services (see the Supplementary material
for details).

If a project was found that “could contribute,” we then examined
(ii) whether this contribution is direct or supplementary. Direct
contributions are those in which citizen science data are already
contributing or could contribute to the calculation of the official SDG
indicator, e.g., as a primary data source, while supplementary
contributions are those in which the data from citizen science could
provide useful contextual information for better understanding an
indicator, as implemented by Fraisl et al. (62). For example, for the
indicator 5.2.1 Proportion of ever-partnered women and girls aged
15 years and older subjected to physical, sexual or psychological violence
by a current or former intimate partner in the previous 12 months, by
form of violence and by age, we mapped the “Let us Talk” project (67-
69), where users anonymously record information related to gender
based violence, by the Ministry of Gender, Children, and Social
Protection in Ghana and the Ghana Statistical Service, as a direct
contribution. The data collected through this initiative can be used
directly for the monitoring of 5.2.1 due to the direct relevance of the
project to the indicator. Additionally, the GSS has highlighted the
project for 5.2.1 in their latest Voluntary National Review (VNR),
which is a UN process allowing countries to assess and present their
national level progress in implementing the SDGs (69). The indicators
that had no foreseen contribution at present were revisited to confirm
this status. Once this review was completed, we then summarized the
results to understand the present status of health and well-being
citizen science initiatives in relation to their contributions to the SDGs
and the Triple Billion Targets.

3. Results

Our results show that out of 58 health and well-being related
indicators, including the SDGs and the Triple Billion Targets, citizen
science has the potential to contribute to the monitoring of 48
indicators in a direct or supplementary way or support the
achievement of their targets mostly at a community/local level. Hence,
our findings indicate that citizen science data can contribute to the
monitoring of 83% of health and well-being related indicators. Table 1
shows a summary of contributions as per indicator. Figures 5-7
summarize the results. The full review and the detailed results, which
present the potential of citizen science initiatives by health and well-
being related indicator, can be found in Supplementary Table S1 of the
Supplementary material.

Based on the current SDG tier classification (30 November 2022),
40 out of the 51 health and well-being related SDG indicators covered
in this study are Tier I, 9 are Tier II, and 2 have both Tier I and Tier II
components. Our results show that, although most of the SDG
indicators with potential for benefiting from citizen science are Tier
I (31 out of 40 Tier I health and well-being related SDG indicators)
(Figure 6), meaning that the data are mostly available as official
statistics, there are still big gaps in data availability and timeliness for
those Tier I indicators, as well. For example, for around one third of
countries, the GPW13 framework highlights that there is no recent
primary or underlying data for more than half of the SDG health and
well-being related indicators (9). This shows that, regardless of the tier
classification, large data gaps exist in health and well-being related
SDGs, some of which could be addressed through citizen science

Frontiers in Public Health

11

10.3389/fpubh.2023.1202188

initiatives designed, improved and/or upscaled based on relevant
considerations such as disaggregating data by sex, age, location,
economic status, and education, among others.

In terms of direct or supplementary contributions (Figure 7), our
findings indicate that of the 48 indicators that could benefit from
citizen science approaches, these contributions can be direct for 17
indicators, supplementary for 25 indicators and both direct and
supplementary for 6 indicators. Supplementary Table S1 of
Supplementary material shows the indicators by the latest tier
classification and their potential for benefiting from citizen science
data in terms of direct and supplementary contributions.

In the specific case of SDG 3, our results also show that out of 28
indicators, citizen science data can contribute to the monitoring of 24
indicators (Table 1; Figure 5), which equates to 85% of SDG 3
indicators. Some of these indicators were identified previously in the
systematic review by Fraisl et al. (62); examples include 3.1.1 Maternal
mortality ratio, 3.3.3 Malaria incidence per 1,000 population and 3.9.1
Mortality rate attributed to household and ambient air pollution,
among others. However, due to the more comprehensive and focused
approach undertaken here in which only health and well-being related
indicators were considered, other indicators have now been identified,
such as 3.4.1 Mortality rate attributed to cardiovascular disease, cancer,
diabetes or chronic respiratory disease, 3.4.2 Suicide mortality rate and
3.9.2 Mortality rate attributed to unsafe water, unsafe sanitation and
lack of hygiene (exposure to unsafe Water, Sanitation and Hygiene for
All (WASH) services).

Based on the results found here, we now provide some examples
in the following section for some randomly selected indicators to
demonstrate which citizen science initiatives could contribute to
which health and well-being related indicators and targets.

3.1. Indicator 2.2.2 Prevalence of
malnutrition (weight for height>+2 or<-2
standard deviation from the median of the
WHO Child Growth Standards) among
children under 5years of age, by type
(wasting and overweight)

Indicator 2.2.2 is under SDG Target 2.2 By 2030, end all forms of
malnutrition, including achieving, by 2025, the internationally agreed
targets on stunting and wasting in children under 5 years of age, and
address the nutritional needs of adolescent girls, pregnant and lactating
women and older persons. This is also a Triple Billion indicator under
the Healthier Populations target: I billion more people enjoying better
health and well-being.

This indicator has 2 subindicators: (i) 2.2.2a Prevalence of
overweight (weight for height > +2 standard deviation from the median
of the World Health Organization (WHO) Child Growth Standards)
among children under 5years of age and (ii) 2.2.2b Prevalence of
wasting (weight for height <—2 standard deviation from the median of
the World Health Organization (WHO) Child Growth Standards)
among children under 5 years of age”.

For 2.2.2a, BigO (70-72) is an example that demonstrates how
citizen science approaches could provide supplementary contributions
for monitoring Target 2.2, even though its target group is school aged
children. In BigO, the objective is to collect and analyze anonymous
data on children’s behavioral patterns and their living environment
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The health and well-being related SDG indicators and Triple Billion Targets covered in this study. Indicators where citizen science projects are “already
contributing” are in dark blue, “could contribute” are in light blue or where there is "no alignment” are in grey. The values within each box are the

indicator numbers or titles.
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FIGURE 6

Citizen science contributions to SDG monitoring by tier classification. The light (could contribute) and dark (already contributing) blue shading denote
direct or supplementary contributions, and the grey shading shows no alignment. The values within each box are the SDG indicator numbers.
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using the myBigOapp. With advanced analytics, BigO gathers
evidence on which local factors contribute to childhood obesity in
Europe, and how they affect it. These data are anonymized and used
to create statistical models to understand how behavior and the
environment influence the prevalence of childhood obesity including
its underlying factors. If BigO could be adapted to target children
under 5years of age through their families, it could provide direct
contribution to the monitoring of this indicator (71).
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Another initiative is a community-based growth monitoring model
in a mountainous rural village of South Africa, where access to health
facilities are limited. The objective was to assess the feasibility of a
community-based growth monitoring model in alleviating the issues in
health and nutrition surveillance of preschool-aged children. The results
showed that community participation and mobilization can increase
preschool child growth monitoring coverage and help to achieve
improved health and nutrition surveillance. The results are important in
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FIGURE 7
Direct, supplementary and both direct and supplementary contributions of citizen science to SDG and Triple Billion Targets monitoring. Indicators
where citizen science projects are "already contributing” are in dark blue and “could contribute” in light blue. The values within each box are indicator
numbers or titles.

terms of demonstrating the potential of such initiatives in understanding
malnutrition among preschool aged children at a community level (73).

EPODE (74, 75), “Ensemble Prevenons I'Obesité Des Enfants,”
meaning “Together let us prevent childhood obesity” is another
program that could support this indicator and the relevant target. It
was implemented in two communities in northern France. The aim
was to empower those communities to combat and prevent childhood
obesity. As part of the program, a local steering committee was
mobilized in order to place the community at the heart of the EPODE
system. Community-based monitoring or citizen science initiatives
like EPODE can help mobilize local actions to address the global issue
of child obesity (2.2.2.a) or malnutrition (2.2.2.b), and support both
monitoring of the relevant target and outcomes of program
implementation (74).

3.2. Indicator 3.3.5 Number of people
requiring interventions against neglected
tropical diseases

Indicator 3.3.5 is under SDG Target 3.3 By 2030, end the epidemics
of AIDS, tuberculosis, malaria and neglected tropical diseases and
combat hepatitis, water-borne diseases and other communicable
diseases. It is also a Triple Billion indicator under the Universal Health
Coverage target: one billion more people benefiting from universal
health coverage.

The WHO initiative “Snakebite Information and Data Platform”
(25) can provide useful information to support this indicator, as well
as the achievement of the relevant target as the WHO added snakebite
envenomation to Category A of the Neglected Tropical Diseases in
2017 (76). The platform aims to contribute to achieving the global
target to “halve the number of deaths and disability due to snakebite
envenoming by 2030”. The platform also aims to improve surveillance
and contribute to related epidemiological documentation and data,
which countries can use to compile statistics for SDG monitoring and
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beyond. This approach allows for better integration of data to improve
the mapping and distribution of antivenoms, as well as sharing of
resources and coordination of prevention activities. The platform
allows the public to participate and contribute by sharing photos of
what they think are venomous snakes along with their location data.
It also shows where the antivenom treatments are needed, which can
allow prompt citizen access to treatment. Hence, the project provides
an example of how citizen science data along with other information
can enable access to targeted healthcare (77).

3.3. Indicator 3.6.1 Death rate due to road
traffic injuries

Indicator 3.6.1 is under SDG Target 3.6 By 2020, halve the number
of global deaths and injuries from road traffic accidents. This indicator
is also a Triple Billion indicator under the Healthier Populations
target: one billion more people enjoying better health and well-being.
The road injury estimates are based on death registration data and
reported road traffic deaths from official road traffic surveillance
systems gathered in a WHO survey of Member States. Road injury
deaths were projected forward to 2019 using recent trends in death
registration data if available, or the trend for recent years to 2019 from
the Global Burden of Disease 2019 (GBD2019) (9, 78).

“Road traffic injury prevention training manual” by WHO and the
Indian Institute of Technology highlights that gathering data on road
traffic injuries through conducting community-based surveys is one
approach for understanding the extent of the problem. This is because
some injured patients do not reach hospitals for a variety of reasons,
in which case they will not be registered in hospital-based injury
surveillance systems (79).

For example, in a study that developed and implemented an
Integrated Road Traffic Injuries (RTI) Surveillance in India, an
electronic-based comprehensive and integrated RTT surveillance
system was established. The system included one trauma center, one
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private hospital and a community with a population of 10K in urban
areas. In rural areas, a district hospital, a private nursing home and
two sub-center areas of different primary health centers at each site
were part of the project. Active surveillance was placed in communities
to track missing cases. The results showed that such a model including
both passive and active surveillance, which includes community
members, is helpful to collect data on the maximum number of road
traffic injuries (80).

In another study that aimed to develop a framework for injury
surveillance in Canadian Aboriginal communities, an injury
surveillance framework that is culturally relevant and acceptable by
the community was created. The results showed that injury
surveillance systems are usually under the control of the authorities
instead of the communities themselves. (81).

Citizen science projects related to road safety, even though not
related to monitoring death rate, can provide additional supplementary
information to contextualize the road injuries and safety issues. For
example, the Bike Barometer project from Flanders, Belgium, where
1,256 adolescents from 31 schools recorded 5,657 km of roads, of
which 3,750 km were evaluated for cycling friendliness and safety, can
provide insights into local safety conditions for Flanders and for
specific school neighborhoods and is highly relevant for local
decision-making (82). In a similar project, “SimRa” short for “Safety
in Bicycle Traffic” from Berlin, using a smartphone app, data about
near crashes and main routes of bicycle traffic are collected. These data
can then be used to develop recommendations for transportation
policy and urban development measures (83).

Even though the indicator aims to measure death rate, the above-
mentioned and other similar projects cannot only provide useful data
on potential injuries or deaths, but also help mobilize action toward
the achievement of the target.

3.4. Indicator 5.2.1 Proportion of
ever-partnered women and girls aged
15years and older subjected to physical,
sexual, or psychological violence by a
current or former intimate partner in the
previous 12 months, by form of violence
and by age

Indicator 5.2.1 is under SDG Target 5.2 Eliminate all forms of
violence against all women and girls in the public and private spheres,
including trafficking and sexual and other types of exploitation. 5.2.1 is
also a Triple Billion indicator under the Health Populations Target: 1
billion more people to enjoy better health and well-being.

The Ghana Statistical Service (GSS) has used citizen science
approaches to collect data related to this indicator, as well as the
indicator 5.2.2 Proportion of women and girls aged 15 years and older
subjected to sexual violence by persons other than an intimate partner
in the previous 12months, by age and place of occurrence, among other
relevant indicators. As part of the project, a pilot activity was
conducted in three districts across all 3 ecological zones of Ghana (Ho,
Techiman, and Central Gonja) and the project is planned to
be rolled-out nationwide. In the project, through a design-thinking
process, an app and an Interactive Voice Response (IVR) service,
called Let us Talk, was developed, where users anonymously recorded
information related to gender based violence. Results were compared
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to the data collected through traditional means and showed that
through such approaches, more data can be collected, as women may
not officially report on the violence they face. One of the advantages
of citizen science approaches identified by the GSS through the project
was that people are willing to report on behalf of others’ experiences
of gender based violence, which is not possible through official surveys
and official domestic violence reports in Ghana (67, 69).

3.5. Indicator 6.2.1 Proportion of
population using (a) safely managed
sanitation services and (b) a hand-washing
facility with soap and water

Indicator 6.2.1 is under SDG Target 6.2 By 2030, achieve access to
adequate and equitable sanitation and hygiene for all and end open
defecation, paying special attention to the needs of women and girls and
those in vulnerable situations. This indicator is also a Triple Billion
indicator under the Healthier Populations target: I billion more people
enjoying better health and well-being.

The Sanitary Inspections (SI) in Malawi project can contribute to
this indicator and target. As part of the project, a mixed methods
approach of quantitative on-site and remote SI data collection via
photographs, together with qualitative data collected by citizen
scientists and a panel of experts were used. The results showed that the
potential exists for citizens to conduct SI, with remote expert
verification of the results using photographic images (84).

In another project, a citizen-science, climate justice planning
process in the Mukuru informal settlement of Nairobi, Kenya was
implemented. As part of the project, a data-gathering process with
citizens was co-created and the project generated evidence to inform
an integrated, climate justice strategy called the Mukuru Special
Planning Area, Integrated Development Plan. The citizen science
processes showed that <1% of residents had access to a private
in-home toilet, and 37% lacked regular access to safe and affordable
drinking water. As part of the project, thousands of residents were
involved and they co-designed climate change adaptation strategies,
such as flood mitigation, formalizing roads and pathways with
drainage, and a water and sanitation infrastructure plan for all. Citizen
scientists then used these data and moved this evidence into action to
protect human health and drafted a climate justice strategy (85).

4. Discussion

Our research represents the first study covering health and well-
being related SDG indicators and the WHO’s Triple Billion Targets
that reviews the potential of citizen science to contribute to their
monitoring. Previous studies have either covered the topic of an
individual health and well-being related indicator, such as the
potential of citizen science for monitoring air quality (86, 87), or the
entire SDG GIF (62). However, these were not comprehensive or
detailed enough to provide an in-depth analysis of the potential of
citizen science for addressing health and well-being related indicators
and targets. Additionally, they did not take the data gaps and
monitoring challenges posed by the COVID-19 pandemic into
account. COVID 19 was indeed considered as a driver of this study,
not only in terms of substantially disrupting the achievement of the
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health and well-being targets and indicators, but also for the additional
monitoring challenges it caused. Citizen science can help to address
these challenges. For example, the Zoe Health Study, previously the
Zoe Covid Study, is a project that aims to track the symptoms and
spread of COVID-19, among other relevant objectives, through citizen
science approaches. With over 5 million contributors globally, the
project is the world’s largest ongoing study of COVID-19 (88, 89). In
a different study called Outbreaks Near Me, epidemiologists and
software developers at Harvard and Boston Children’s Hospital, along
with a group of volunteers from across the technology industry, use
citizen science data to create maps that help citizens and public health
agencies identify existing and potential hotspots for COVID-19, and
the annual influenza (90). The Zoe Health Study and Outbreaks Near
Me, among many other citizen science projects, can help track the
spread of COVID-19, identify who is most at risk and inform
decisions that can save lives.

Our results show an increased potential for the contribution of
citizen science data to health and well-being related indicators when
compared to Fraisl et al. (62). For example, Fraisl et al. (62) identified
that 15 out of 27 SDG 3 indicators (or 56%) could benefit from citizen
science data. Here we identified an additional eight indicators that
could benefit from citizen science, which equates to 24 out of 28 SDG
3 indicators, where one new indicator was added to SDG 3 after the
study by Fraisl et al. (62). This increase is a result of the more focused
research undertaken in this study covering only health and well-being
related indicators.

Our results also highlight that even though citizen science is more
dominant in the field of environmental monitoring, and thus has
higher potential to contribute to the environmental SDG indicators,
the health and well-being domain appears to be another area that can
largely benefit from citizen science approaches, both in terms of
monitoring and action (62, 91). We also identified that in the health
domain, potential contributions are mostly from community-based
initiatives that focus on communities in a particular country or
district to address a specific issue faced by these communities. For
example, the Global Challenges Research Fund (GCRF) Action
Against Stunting Hub aimed to decrease child stunting by up to 10%
in over 50 communities in India, Indonesia and Senegal (92). Such
initiatives require a more targeted approach, where the project teams
work with specific communities that are or can be affected by an issue,
rather than publishing an open call to invite everyone to contribute
data, knowledge, and observations, such as monitoring biodiversity or
classifying satellite images to identify deforestation, which are mostly
considered as contributory or crowdsourcing projects (44, 45).

Our findings also suggest that citizen science offers various
opportunities for health and well-being monitoring processes. These
include filling data gaps in existing data sets, providing useful
complementary data outside traditional settings, delivering a more
comprehensive overview of individual and public health in a timelier
and cost-effective way, helping to triangulate existing data collected
through traditional or non-traditional data sources, and supporting
behavioral change by promoting healthy lifestyle choices such as
walking or biking over driving, or raising awareness of societal issues
such as child marriage and sexual harassment, among others.
However, using citizen science data, as with any other traditional or
new sources of data, has some challenges, as well. Some of these
challenges are related to the accuracy, access, quality and integration
with traditional sources of data, the standards for data collection, and
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recruiting and retaining participants, among others (29, 59).
Nevertheless, many citizen science initiatives have addressed these
issues in their data management lifecycles, e.g., by having quality
assurance and quality control processes in place, including the use of
multiple methods to ensure high quality data, and by having dedicated
staff members for communication and outreach activities with
participants (49). Demonstrating these measures and communicating
them openly are key to overcoming some of the barriers to the use of
data from citizen science for official statistics.

An important issue related to the use of citizen science for
monitoring health and well-being or other global targets more
generically is that citizen science initiatives usually follow different
methodologies even when they aim to address data gaps on similar
topics, such as the Mosquito Alert projects that aim to monitor
mosquitoes of epidemiological interest. Aligning methodologies
among citizen science initiatives can help to make data comparable,
and thus their uptake for official monitoring. Initiatives such as the
Citizen Science Global Partnership, a network of networks that aims
to leverage citizen science to achieve sustainable development, can
play a key role in addressing this issue by bringing together different
citizen science projects conducting research on similar issues and help
them align their methodologies with global methodologies (93).
Another initiative that can help with the uptake of citizen science data
for monitoring and achieving the health and well-being related goals
and targets is the United Nations Development Program (UNDP)
supported Accelerator Labs. These are a global network that aims to
facilitate experiences gained in sustainable development, focusing on
pressing and underachieved SDGs in the Global South; citizen science
is one of the key approaches implemented as part of the initiative (94).
The United Nations Statistics Division’s (UNSD) Collaborative on
Citizen Data, which aims to establish a conceptual framework on
citizen science and citizen-generated data for monitoring and
achieving the SDGs, is another platform that can help with integrating
citizen science approaches into the monitoring of health and well-
being and other sustainable development indicators (95).

We are aware that data from citizen science are not perfect, but no
data source is. The importance is to understand issues, challenges and
biases related to their use and try to minimize them. Moreover, we are
not suggesting that citizen science data should replace official
monitoring activities. Rather, they can complement traditional data
collection processes by providing additional data to better understand
complex issues along with their context, reach out to those that may
not be counted by official statistics, thus making monitoring more
inclusive. Citizen science can also help to triangulate the data and
provide additional verification for official statistics.

Citizen science is one of a set of ‘new data’ sources, and as such, it
has an importance beyond the data themselves. The relative space
occupied by official statistics coming from NSOs and from the UN
and other international organizations in the information value chain
is changing. Data, once seen primarily as an input for statistics, is now
understood to be part of a host of rapidly expanding ecosystems and
economies. This change in the role and conceptualization of data has
been paralleled by an awakening of governments to the importance of
data and of official statistics, contributing to a steady politicization of
the field (96). Thus, the use of new data sources, including citizen
science data may be the catalyst that forces to the surface a debate on
the precise role or mandate and methods of international official
statistics vis-a-vis the new dataverses and the new opportunities for
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the production of international statistics. Reister et al. (97) argue that
this is a debate many might prefer not to have but it is hard to see how
it can be avoided for much longer with the rapid changes in the data
and statistics world. A subset of this debate has been shaped around
the insistence that only data provided by member states should
be used in the compilation of SDG indicators (98). This constraint
complicates any discussion around the use of new data sources.
Assuming the political barriers can be dealt with, some technical
sureties will also be required to ensure that the impartiality and quality
of any citizen science data are robust (97, 99). It is important that any
standards applied to citizen science or any other new data sources are
proportionate and do act as barriers to entry.

Finally, many citizen science data collections are local in scale. This
presents some statistical challenges for extrapolating results to national
level (let alone global level) — especially if several projects exist but all
using different statistical or epidemiological approaches. But this challenge
triggers an interesting question — what are the appropriate data to
formulate local, regional or national policy? It has been argued that global
level SDG indicators are better thought of as global key performance
indicators, and that national data would be better suited to inform
national policy (100). In assessing the potential contribution (either direct
or supplementary) of citizen science data, this debate is pertinent. The
analyses presented here demonstrate that there is certainly space for
further thought and investigation and also a requirement for guidelines
on how to incorporate citizen science data with the data sources currently
being used.

4.1. Limitations

Our research was comprehensive and aimed to identify additional
citizen science initiatives to those covered by Fraisl et al. (62).
However, due to the broad scope and complex landscape of citizen
science including various terminologies and definitions, one of the
most important limitations of our study was that we may have left out
initiatives with potential that could be featured in this study.
Additionally, we only searched for initiatives that published English
outputs or had English websites, which means a local scale citizen
science project in another language may not have been covered by our
research. Nevertheless, our purpose has not been to create an
exhaustive list of all citizen science initiatives, but instead to identify
additional initiatives per indicator to understand and demonstrate the
potential of citizen science for monitoring and contributing to the
achievement of health and well-being related global targets. Another
limitation was the database search we did using SciStarter, Zooniverse
and web-based searches related to citizen science projects on the
topics of all the indicators covered in this study. As described in the
materials and methods section, we did not search scientific databases
as many local scale and community-based citizen science initiatives
are not represented in peer-reviewed literature. However, a web-based
search would show initiatives from both peer-reviewed and non-peer-
reviewed sources, both of which are included in this study and is more
inclusive in terms of covering diverse initiatives, both scientific and
action-oriented. This approach was also helpful to keep the focus on
the main goal of the paper, which is understanding the potential of
citizen science for each health and well-being related indicator, rather
than creating an exhaustive list of all or many citizen science initiatives,
as mentioned above. Another limitation of this study was that we have
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not reviewed the methodologies, quality assurance and quality control
processes of these initiatives or the resulting data sets of the projects
featured in this study. Additional limitations include coverage,
replicability and sustainability, as many of these initiatives are related
to local contexts, and could be subject to availability of funds.

4.2. Recommendations

One major recommendation is that citizen science initiatives
presented in this study with potential to contribute to the monitoring
of health and well-being related indicators and targets can be upscaled
at a national and global level by building partnerships between these
initiatives, NSOs, WHO and other key stakeholders. A similar
approach was implemented in a Ghana marine litter case study, where
citizen science data from local level beach cleanup initiatives were
integrated into the official SDG reporting of Ghana (101). These
partnerships can be created in areas where there is high potential and
large data gaps, as low hanging fruits, such as measuring malaria,
which is the subject of indicator 3.3.3 Malaria incidence per 1,000
population (102) or air quality, as covered in indicators 3.9.1 Mortality
rate attributed to household and ambient air pollution and 11.6.2
Annual mean levels of fine particulate matter (e.g., PM2.5 and PM10)
in cities (population weighted) (103, 104).

In order to integrate citizen science data into health and well-
being statistics, the first step can be to identify an indicator or a topic
where data gaps exist, and where citizen science data could contribute
to the monitoring based on the results of this study. The second step
would be to build partnerships between the NSO in a country of
interest and the relevant line ministries or agencies responsible for
monitoring the identified indicator, the custodian agency (or
agencies), relevant citizen science initiatives, civil society and other
stakeholders that have an interest in this indicator or topic, which may
be academia, volunteer groups and communities. It is essential to
build trust and develop a set of common goals where all the
stakeholders take ownership of both the project and the results. There
may be cases where the methodologies of citizen science initiatives
need to be improved or adapted based on the global methodology
and/or NSO requirements. In this situation, clear communication as
well as intellectual and financial support should be provided to the
relevant citizen science initiatives, while considering their goals and
concerns, e.g., to minimize any additional burden placed on volunteers
during data collection activities or to adjust protocols to fit in with
their own needs and interests.

5. Conclusion

This paper provided a comprehensive overview of the potential of
citizen science for official monitoring processes and for contributing
to the achievement of health and well-being related indicators
covering the SDG Global Indicator Framework and the WHO’s Triple
Billion Targets. Our findings indicate that out of 58 health and well-
being related indicators, citizen science has the potential to contribute
to and/or complement the monitoring of 48 indicators or 83% of
those identified.

Most of the examples covered in this study are from Low-and
Middle-income Countries (LMICs) rather than high-resource
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countries. However, focusing particularly on such settings requires a
detailed analysis, which is beyond the scope of this study. Future
research can focus on a comparative analysis between LMICs and
high-resource countries, showing the characteristics of these projects
to understand the relevance of such initiatives to different contexts for
their replication and upscaling potential. A specific focus on this
would also be useful for demonstrating the potential of citizen science
for the leaving no one behind principle of the SDG agenda, including
the most vulnerable. Additionally, future research can build on the
results of our study to focus on identifying those initiatives with the
greatest potential based on the data gaps and needs of the relevant
custodian agencies, in this case mostly WHO, and interested NSOs,
and then focus on the data management processes and data sets of
these particular projects.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

DF: conceptualization, methodology, writing—original draft,
investigation, writing—review and editing, project administration,
resources, funding acquisition, and supervision. LS: conceptualization,
methodology, writing—original draft, and writing—review and editing.
DEF: Writing—review and editing. N'T: writing—review and editing. SM:
conceptualization, writing—review and editing, and supervision. All
authors contributed to the article and approved the submitted version.

References

1. UN (2015) A/RES/70/1 UN General Assembly. Transforming our world: the 2030
agenda for sustainable development. Seventieth session of the General Assembly on 25
Sept 2015.

2. UN (2017) A/RES/71/313 Work of the statistical commission pertaining to the 2030
agenda for sustainable development. Seventy-first session of the General Assembly on
on 6 July 2017.

3. UN (2020) SDG indicators. Metadata repository. Available at: https://unstats.
un.org/sdgs/metadata/

4. UN (2020) Tier classification for global SDG indicators as of 28 December 2020.
Available at: https://unstats.un.org/sdgs/files/ Tier%20Classification%200f%20SDG%20
Indicators_28%20Dec%202020_web.pdf

5. UN (2019) The Sustainable Development Goals report. Available at: https://unstats.
un.org/sdgs/report/2019/

6. IAEG Secretariat (2014) A world that counts. Mobilising the Data Revolution for
Sustainable Development. Available at: http://www.undatarevolution.org/wp-content/
uploads/2014/11/A-World-That-Counts.pdf

7. Dang H-AH, Serajuddin U. Tracking the Sustainable Development Goals: emerging
measurement challenges and further reflections. World Dev. (2020) 127:104570. doi:
10.1016/j.worlddev.2019.05.024

8. WHO (2022) Programme budget 2022-2023: Revision. Extending the thirteenth
general Programme of work, 2019-2023 to 2025. A75/8. Available at: https://apps.who.
int/gb/ebwha/pdf_filess WHA75/A75_8-en.pdf

9. WHO. Thirteenth general Programme of work (GPW13): Methods for impact
measurement. Geneva: World Health Organization (2020).

10. Ruggeri K, Garcia-Garzon E, Maguire A, Matz S, Huppert FA. Well-being is more
than happiness and life satisfaction: a multidimensional analysis of 21 countries. Health
Qual Life Outcomes. (2020) 18:192. doi: 10.1186/512955-020-01423-y

Frontiers in Public Health

17

10.3389/fpubh.2023.1202188

Funding

This research was supported by the World Health Organization
(WHO). The authors are responsible for the views expressed in this
article and they do not necessarily represent the decisions, policy, or
views of the World Health Organization. Additionally, DF and LS
gratefully acknowledge funding from ITASA and the National Member
Organizations that support the institute.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1202188/
full#supplementary-material

11. Sartorius N. The meanings of health and its promotion. Croat Med J. (2006)
47:662-4.

12. WHO. Constitution of the World Health Organization. Basic documents. Forty-nine
edition 2020. Geneva: WHO (2020).

13. Huppert FA. Psychological well-being: evidence regarding its causes and
consequences. Appl Psychol Health Well Being. (2009) 1:137-64. doi:
10.1111/j.1758-0854.2009.01008.x

14. Bellani L, D’Ambrosio C. Deprivation, social exclusion and subjective well-being.
Soc Indic Res. (2011) 104:67-86. doi: 10.1007/s11205-010-9718-0

15. D’Acci L. Measuring well-being and progress. Soc Indic Res. (2011) 104:47-65. doi:
10.1007/s11205-010-9717-1

16. Voukelatou V, Gabrielli L, Miliou I, Cresci S, Sharma R, Tesconi M, et al.
Measuring objective and subjective well-being: dimensions and data sources. Int ] Data
Sci Anal. (2021) 11:279-309. doi: 10.1007/s41060-020-00224-2

17. Alkire S. Dimensions of human development. World Dev. (2002) 30:181-205. doi:
10.1016/S0305-750X(01)00109-7

18. Dodge R, Daly AP, Huyton J, Sanders LD. The challenge of defining wellbeing. Int
J Wellbeing. (2012) 2:222-235. doi: 10.5502/ijw.v2i3.4

19. Diener E, Suh EM, Lucas RE, Smith HL. Subjective well-being: three decades of
progress. Psychol Bull. (1999) 125:276-302. doi: 10.1037/0033-2909.125.2.276

20. OECD. OECD guidelines on measuring subjective well-being. Paris, France: OECD
Publishing (2013).

21. UNSD, World Bank (2021) One year into the pandemic: Monitoring the state of
Statisticsal operations under COVID-19. Available at: https://documents].worldbank.
org/curated/en/911901627637432764/pdf/One-Year-Into-the-Pandemic-Monitoring-
the-State-of-Statistical-Operations-Under-COVID-19.pdf

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1202188
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1202188/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2023.1202188/full#supplementary-material
https://unstats.un.org/sdgs/metadata/
https://unstats.un.org/sdgs/metadata/
https://unstats.un.org/sdgs/files/Tier%20Classification%20of%20SDG%20Indicators_28%20Dec%202020_web.pdf
https://unstats.un.org/sdgs/files/Tier%20Classification%20of%20SDG%20Indicators_28%20Dec%202020_web.pdf
https://unstats.un.org/sdgs/report/2019/
https://unstats.un.org/sdgs/report/2019/
http://www.undatarevolution.org/wp-content/uploads/2014/11/A-World-That-Counts.pdf
http://www.undatarevolution.org/wp-content/uploads/2014/11/A-World-That-Counts.pdf
https://doi.org/10.1016/j.worlddev.2019.05.024
https://apps.who.int/gb/ebwha/pdf_files/WHA75/A75_8-en.pdf
https://apps.who.int/gb/ebwha/pdf_files/WHA75/A75_8-en.pdf
https://doi.org/10.1186/s12955-020-01423-y
https://doi.org/10.1111/j.1758-0854.2009.01008.x
https://doi.org/10.1007/s11205-010-9718-0
https://doi.org/10.1007/s11205-010-9717-1
https://doi.org/10.1007/s41060-020-00224-2
https://doi.org/10.1016/S0305-750X(01)00109-7
https://doi.org/10.5502/ijw.v2i3.4
https://doi.org/10.1037/0033-2909.125.2.276
https://documents1.worldbank.org/curated/en/911901627637432764/pdf/One-Year-Into-the-Pandemic-Monitoring-the-State-of-Statistical-Operations-Under-COVID-19.pdf
https://documents1.worldbank.org/curated/en/911901627637432764/pdf/One-Year-Into-the-Pandemic-Monitoring-the-State-of-Statistical-Operations-Under-COVID-19.pdf
https://documents1.worldbank.org/curated/en/911901627637432764/pdf/One-Year-Into-the-Pandemic-Monitoring-the-State-of-Statistical-Operations-Under-COVID-19.pdf

Fraisl et al.

22. CCSA (2022). A deep impact on children and families: CCSA’s 2022 annual report.
Available at: https://www.childcareservices.
org/2022/11/22/a-deep-impact-on-children-and-families-ccsas-2022-annual-report/

23. UNSD (2022) The Sustainable Development Goals report 2022. Available at:
https://unstats.un.org/sdgs/report/2022/The-Sustainable-Development-Goals-
Report-2022.pdf

24. Msemburi W, Karlinsky A, Knutson V, Aleshin-Guendel S, Chatterji S, Wakefield
J. The WHO estimates of excess mortality associated with the COVID-19 pandemic.
Nature. (2022) 613:130-7. doi: 10.1038/s41586-022-05522-2

25. WHO (2023) Snakebite information and data platform. Snakebite envenoming.
Available at:  https://www.who.int/teams/control-of-neglected-tropical-diseases/
snakebite-envenoming/snakebite-information-and-data-platform

26. Daguitan F, Lehohla P, Mwangi C, et al. Chapter 3. The current state of our data
and knowledge In: Global environment outlook-GEO-6: Healthy Planet, Healthy People.
Nairobi, Kenya: UN Environment (2019)

27. Daguitan F, Mwangi C, Tan MG, et al. Chapter 25. Future data and knowledge
needs In: Global environment outlook-GEO-6: Healthy planet, Healthy People. Nairobi,
Kenya: UN Environment (2019)

28. Fliickiger Y, Seth N. SDG indicators need crowdsourcing. Nature. (2016)
531:448-8. doi: 10.1038/531448¢

29. Fritz S, See L, Carlson T, Haklay M, Oliver JL, Fraisl D, et al. Citizen science and
the United Nations Sustainable Development Goals. Nat Sustain. (2019) 2:922-30. doi:
10.1038/541893-019-0390-3

30. Shirk JL, Ballard HL, Wilderman CC, Phillips T, Wiggins A, Jordan R, et al. Public
participation in scientific research: a framework for deliberate design. Ecol Soc. (2012)
17:29. doi: 10.5751/ES-04705-170229

31.Irwin A (2015) Citizen science and scientific citizenship: Same word, different
meanings? Presentation to the EU Joint Research Centre in Ispra, Italy, in October 2015.
Available at: https://povesham.wordpress.com/2016/02/02/alan-irwin-talk-on-citizen-
science-and-scientific-citizenship-jrc-october-2015/

32. Benyei P, Skarlatidou A, Argyriou D, Hall R, Theilade I, Turreira-Garcia N, et al.
Challenges, strategies, and impacts of doing citizen science with marginalised and
indigenous communities: reflections from project coordinators. CSTP. (2023) 8:21. doi:
10.5334/cstp.514

33. Cooper CB, Hawn CL, Larson LR, Parrish JK, Bowser G, Cavalier D, et al.
Inclusion in citizen science: the conundrum of rebranding. Science. (2021) 372:1386-8.
doi: 10.1126/science.abi6487

34. Pateman R, Dyke A, West S. The diversity of participants in environmental citizen
science. CSTP. (2021) 6:9. doi: 10.5334/cstp.369

35. de Sherbinin A, Bowser A, Chuang T-R, Cooper C, Danielsen F, Edmunds R, et al.
The critical importance of citizen science data. Front Clim. (2021) 3:650760. doi:
10.3389/fclim.2021.650760

36. Schade S, Manzoni-Brusati M, Tsinaraki C, Fullerton KT, Sgnaolin R, Spinelli F,
et al. Using new data sources for policymaking. Luxembourg: Publications Office (2017).

37. Howe J. The rise of crowdsourcing. Wired Mag. (2006) 14:1-4.

38.Nov O, Arazy O, Anderson D. Crowdsourcing for science: Understanding and
enhancing Sci sourcing contribution. New York: ACM Press (2010).

39. Conrad CC, Hilchey KG. A review of citizen science and community-based
environmental monitoring: issues and opportunities. Environ Monit Assess. (2011)
176:273-91. doi: 10.1007/s10661-010-1582-5

40. Asaba E, Suarez-Balcazar Y. Participatory research: a promising approach to
promote meaningful engagement. Scand J Occup Ther. (2018) 25:309-12. doi:
10.1080/11038128.2018.1541224

41. Coulson S, Woods M, Scott M, Hemment D. Making sense: empowering
participatory sensing with transformation design. Des J. (2018) 21:813-33. doi:
10.1080/14606925.2018.1518111

42. Sieber RE, Haklay M. The epistemology (s) of volunteered geographic information:
a critique. Geography Environ. (2015) 2:122-36. doi: 10.1002/ge02.10

43. Mac Donald C. Understanding participatory action research: a qualitative resarch
methodology option. Canadian ] Action Res. (2012) 13:34-50. doi: 10.33524/cjar.v13i2.37

44. Eitzel MV, Cappadonna JL, Santos-Lang C, Duerr RE, Virapongse A, West SE, et al.
Citizen science terminology matters: exploring key terms. Citizen Sci. (2017) 2:1. doi:
10.5334/cstp.96

45. Haklay M, Fraisl D, Greshake Tzovaras B, Hecker S, Gold M, Hager G, et al.
Contours of citizen science: a vignette study. R Soc Open Sci. (2021) 8:202108. doi:
10.1098/rs0s.202108

46.Borda A, Gray K, Downie L. Citizen science models in health research: an
australian commentary. OJPHI. (2019) 11:e23. doi: 10.5210/0jphi.v11i3.10358

47. Bonney RE, Cooper CB, Dickinson J, Kelling S, Phillips T, Rosenberg KV, et al.
Citizen science: a developing tool for expanding science knowledge and scientific
literacy. Bio Sci. (2009) 59:977-84. doi: 10.1525/bi0.2009.59.11.9

48. Arias R, Capelli L, Diaz Jimenez C. A new methodology based on citizen science
to improve environmental odour management. Chem Eng Trans. (2018) 68:7-12. doi:
10.3303/CET1868002

Frontiers in Public Health

10.3389/fpubh.2023.1202188

49. Fraisl D, Hager G, Bedessem B, Gold M, Hsing PY, Danielsen E, et al. Citizen
science in environmental and ecological sciences. Nat Rev Methods Primers. (2022) 2:64.
doi: 10.1038/s43586-022-00144-4

50. Hilton NH. Stimmen: a citizen science approach to minority language
sociolinguistics. ~ Linguistics ~ Vanguard. (2021) 7:20190017. doi:  10.1515/
lingvan-2019-0017

51. Lambers K, Verschoof-van der Vaart W, Bourgeois Q. Integrating remote sensing,
machine learning, and citizen science in Dutch archaeological prospection. Remote Sens.
(2019) 11:794. doi: 10.3390/rs11070794

52. Marks L, Laird Y, Trevena H, Smith BJ, Rowbotham S. A scoping review of citizen
science approaches in chronic disease prevention. Front Public Health. (2022) 10:743348.
doi: 10.3389/fpubh.2022.743348

53. BashTheBug (2023) Bash the bug: Improving how we diagnose and treat infections.
Available at: https://bashthebug.net/

54.Ozcan A. Educational games for malaria diagnosis. Sci Transl Med. (2014)
6:233ed9. doi: 10.1126/scitranslmed.3009172

55. Laskar A, Garg S. Community-based monitoring: key to success of national health
programs. Indian ] Community Med. (2010) 35:214-6. doi: 10.4103/0970-0218.66857

56. Patients Like Me (2023) Empowering patients through community. Available at:
https://www.patientslikeme.com/about

57. Ajates R, Hager G, Georgiadis P, Coulson S, Woods M, Hemment D. Local action
with global impact: the case of the GROW observatory and the Sustainable Development
Goals. Sustainability. (2020) 12:10518. doi: 10.3390/su122410518

58.Bio Innovation Service (2018) Citizen science for environmental policy:
Development of an EU-wide inventory and analysis of selected practices. Final report
for the European Commission, DG Environment under the contract
070203/2017/768879/ETU/ENV.A.3, in collaboration with Fundacion Ibercivis and the
National History Musuem, November 2018.

59. Fraisl D, See L, Sturn T, MacFeely S, Bowser A, Campbell J, et al. Demonstrating
the potential of picture pile as a citizen science tool for SDG monitoring. Environ Sci Pol.
(2022) 128:81-93. doi: 10.1016/j.envsci.2021.10.034

60. Proden E, Bett K, Campbell J, Chen H, Duerto Valero S, Fraisl D, et al (2022)
Citizen science data to track SDG progress: low-hanging fruit for governments and
National Statistical Offices. Policy Brief. Available at: https://www.unitar.org/about/
news-stories/featuredarticles/policy-brief-citizen-science-data-track-sdg-progress-low-
hanging-fruit-governments-and-national#:~:text=Citizen%20science%20data%20

(CSD)%20presents,household%20surveys%200r%20administrative%20registers
(Accessed July 11, 2023).

61. West S, Pateman R. How could citizen science support the Sustainable Development
Goals? Stockholm: SEI (2017).

62. Fraisl D, Campbell ], See L, Wehn U, Wardlaw J, Gold M, et al. Mapping citizen
science contributions to the UN Sustainable Development Goals. Sustain Sci. (2020)
15:1735-51. doi: 10.1007/s11625-020-00833-7

63. WHO (2021) The Geneva charter for well-being. Available at: https://www.who.
int/publications/m/item/the-geneva-charter-for-well-being (Accessed January 10, 2023)

64. Ormel H, Kok M, Kane S, Ahmed R, Chikaphupha K, Rashid SE, et al. Salaried and
voluntary community health workers: exploring how incentives and expectation gaps
influence motivation. Hum Resour Health. (2019) 17:59. doi: 10.1186/s12960-019-0387-z

65. Haklay M, Motion A, Balazs B, Kieslinger B, Tzovaras G, Bastian N, et al. ECSA’s
characteristics of citizen. Science. (2020). doi: 10.5281/ZENODO.3758668

66. Haklay M, Motion A, Balazs B, Kieslinger B, Tzovaras Bastian G, Nold C, et al.
ECSA’s characteristics of citizen science: Explanation notes. OpenAIRE. (2020). doi:
10.5281/zenod0.3758555

67. Akoto-Bamfo G (2022) Achieving better outcomes with better gender data. Citizen
Generated Data Pilot Project on Gender Based Violence. Available at: https://paris21.
org/sites/default/files/inline-files/Gloria%20CGD%20Project%200n%20GVB_GDN_
Ghana.pdf

68. Open Data Watch (2022) Advancing gender data and statistics in Africa. Available
at: https://opendatawatch.com/publications/advancing-gender-data-and-statistics-in-
africa/

69. UN Ghana (2022) Ghana 2022 VNR: Voluntary National Review on the
implementation of the 2030. Available at: https://ghana.un.org/en/195640-ghana-2022-
voluntary-national-review-report-implementation-2030-agenda-sustainable

70. BigO (2023). About-big data against childhood obesity. Available at: https://
bigoprogram.eu/big-data-against-childhood-obesity/

71.Diou C, Sarafis I, Papapanagiotou V, Alagialoglou L, Lekka I, Filos D, et al.
Big O: a public health decision support system for measuring obesogenic behaviors
of children in relation to their local environment In: Proceedings of the 42nd annual
international conference of the IEEE engineering in Medicine ¢ Biology Society
(EMBC). Sawan, M., McGregor, C., Dhawan, A. Montreal, QC: IEEE (2020).
5864-7.

72. Filos D, Lekka I, Kilintzis V, Stefanopoulos L, Karavidopoulou Y, Maramis C, et al.
Exploring associations between Children’s obesogenic behaviors and the local
environment using big data: development and evaluation of the obesity prevention
dashboard. JMIR Mhealth Uhealth. (2021) 9:¢26290. doi: 10.2196/26290

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1202188
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.childcareservices.org/2022/11/22/a-deep-impact-on-children-and-families-ccsas-2022-annual-report/
https://www.childcareservices.org/2022/11/22/a-deep-impact-on-children-and-families-ccsas-2022-annual-report/
https://unstats.un.org/sdgs/report/2022/The-Sustainable-Development-Goals-Report-2022.pdf
https://unstats.un.org/sdgs/report/2022/The-Sustainable-Development-Goals-Report-2022.pdf
https://doi.org/10.1038/s41586-022-05522-2
https://www.who.int/teams/control-of-neglected-tropical-diseases/snakebite-envenoming/snakebite-information-and-data-platform
https://www.who.int/teams/control-of-neglected-tropical-diseases/snakebite-envenoming/snakebite-information-and-data-platform
https://doi.org/10.1038/531448c
https://doi.org/10.1038/s41893-019-0390-3
https://doi.org/10.5751/ES-04705-170229
https://povesham.wordpress.com/2016/02/02/alan-irwin-talk-on-citizen-science-and-scientific-citizenship-jrc-october-2015/
https://povesham.wordpress.com/2016/02/02/alan-irwin-talk-on-citizen-science-and-scientific-citizenship-jrc-october-2015/
https://doi.org/10.5334/cstp.514
https://doi.org/10.1126/science.abi6487
https://doi.org/10.5334/cstp.369
https://doi.org/10.3389/fclim.2021.650760
https://doi.org/10.1007/s10661-010-1582-5
https://doi.org/10.1080/11038128.2018.1541224
https://doi.org/10.1080/14606925.2018.1518111
https://doi.org/10.1002/geo2.10
https://doi.org/10.33524/cjar.v13i2.37
https://doi.org/10.5334/cstp.96
https://doi.org/10.1098/rsos.202108
https://doi.org/10.5210/ojphi.v11i3.10358
https://doi.org/10.1525/bio.2009.59.11.9
https://doi.org/10.3303/CET1868002
https://doi.org/10.1038/s43586-022-00144-4
https://doi.org/10.1515/lingvan-2019-0017
https://doi.org/10.1515/lingvan-2019-0017
https://doi.org/10.3390/rs11070794
https://doi.org/10.3389/fpubh.2022.743348
https://bashthebug.net/
https://doi.org/10.1126/scitranslmed.3009172
https://doi.org/10.4103/0970-0218.66857
https://www.patientslikeme.com/about
https://doi.org/10.3390/su122410518
https://doi.org/10.1016/j.envsci.2021.10.034
https://www.unitar.org/about/news-stories/featuredarticles/policy-brief-citizen-science-data-track-sdg-progress-low-hanging-fruit-governments-and-national#:~:text=Citizen%20science%20data%20(CSD)%20presents,household%20surveys%20or%20administrative%20registers
https://www.unitar.org/about/news-stories/featuredarticles/policy-brief-citizen-science-data-track-sdg-progress-low-hanging-fruit-governments-and-national#:~:text=Citizen%20science%20data%20(CSD)%20presents,household%20surveys%20or%20administrative%20registers
https://www.unitar.org/about/news-stories/featuredarticles/policy-brief-citizen-science-data-track-sdg-progress-low-hanging-fruit-governments-and-national#:~:text=Citizen%20science%20data%20(CSD)%20presents,household%20surveys%20or%20administrative%20registers
https://www.unitar.org/about/news-stories/featuredarticles/policy-brief-citizen-science-data-track-sdg-progress-low-hanging-fruit-governments-and-national#:~:text=Citizen%20science%20data%20(CSD)%20presents,household%20surveys%20or%20administrative%20registers
https://doi.org/10.1007/s11625-020-00833-7
https://www.who.int/publications/m/item/the-geneva-charter-for-well-being
https://www.who.int/publications/m/item/the-geneva-charter-for-well-being
https://doi.org/10.1186/s12960-019-0387-z
https://doi.org/10.5281/ZENODO.3758668
https://doi.org/10.5281/zenodo.3758555
https://paris21.org/sites/default/files/inline-files/Gloria%20CGD%20Project%20on%20GVB_GDN_Ghana.pdf
https://paris21.org/sites/default/files/inline-files/Gloria%20CGD%20Project%20on%20GVB_GDN_Ghana.pdf
https://paris21.org/sites/default/files/inline-files/Gloria%20CGD%20Project%20on%20GVB_GDN_Ghana.pdf
https://opendatawatch.com/publications/advancing-gender-data-and-statistics-in-africa/
https://opendatawatch.com/publications/advancing-gender-data-and-statistics-in-africa/
https://ghana.un.org/en/195640-ghana-2022-voluntary-national-review-report-implementation-2030-agenda-sustainable
https://ghana.un.org/en/195640-ghana-2022-voluntary-national-review-report-implementation-2030-agenda-sustainable
https://bigoprogram.eu/big-data-against-childhood-obesity/
https://bigoprogram.eu/big-data-against-childhood-obesity/
https://doi.org/10.2196/26290

Fraisl et al.

73. Faber M, Phungula MAS, Kvalsvig JD, Benadé AJS, Young H. Acceptability of
community-based growth monitoring in a Rural Village in South Africa. Food Nutr Bull.
(2003) 24:350-9. doi: 10.1177/156482650302400405

74. Borys J-M, Le Bodo Y, Jebb SA, Seidell JC, Summerbell C, Richard D, et al. EPODE
approach for childhood obesity prevention: methods, progress and international
development. Obes Rev. (2012) 13:299-315. doi: 10.1111/j.1467-789X.2011.00950.x

75. EUFIC (2013) Preventing childhood obesity through community-based initiatives.
Available at: https://www.eufic.org/en/healthy-living/article/preventing-childhood-
obesity-through-community-based-initiatives

76. Chippaux J-P. Snakebite envenomation turns again into a neglected tropical disease! J
Venom Anim Toxins Incl Trop Dis. (2017) 23:38. doi: 10.1186/s40409-017-0127-6

77.WHO (2022) Snakebite information and data platform. Engaging and
empowering communities. Available at: https://www.who.int/teams/control-of-
neglected-tropical-diseases/snakebite-envenoming/snakebite-information-and-
data-platform

78.WHO (2020) WHO methods and data sources for country-level causes of
death 2000-2019. Global Health estimates technical paper WHO/DDI/DNA/
GHE/2020.2. Available at: https://cdn.who.int/media/docs/default-source/gho-
documents/global-health-estimates/ghe2019_cod_methods.pdf?sfvrsn=
37bcfacc_5

79. WHO (2006) Road traffic injury prevention training manual. Available at: https://
apps.who.int/iris/bitstream/handle/10665/43271/9241546751_eng.pdf

80. Babu BV, John KR, Manickam P, Kishore J, Singh R, Mangal DK, et al. Development
and implementation of integrated road traffic injuries surveillance - India (IRIS-India):
a protocol. Adv ] Emerg Med. (2019) 4:e35. doi: 10.22114/ajem.v0i0.292

81. Auer AM. Canadian aboriginal communities: a framework for injury surveillance.
Health Promot Int. (2001) 16:169-77. doi: 10.1093/heapro/16.2.169

82. Storme T, Benoit S, Van de Weghe N, Mertens L, Van Dyck D, Brondeel R, et al.
Citizen science and the potential for mobility policy - introducing the bike barometer.
Case Stud Transport Policy. (2022) 10:1539-49. doi: 10.1016/j.cstp.2022.05.013

83. Technical University of Berlin (2023) Safety in bicycle traffic. Available at: https://
www.tu.berlin/en/topics/knowledge-exchange/2020/mai/safety-in-the-bicycle-saddle

84. Herschan J, King R, Mkandawire T, Okurut K, Lapworth DJ, Malcolm R, et al. The
potential for citizen science to improve the reach of sanitary inspections. Resources.
(2020) 9:142. doi: 10.3390/resources9120142

85. Corburn J, Njoroge P, Weru ], Musya M. Urban climate justice, human health, and
citizen science in Nairobi’s informal settlements. Urban Sci. (2022) 6:36. doi: 10.3390/
urbansci6020036

86. Lepenies R, Zakari IS. Citizen science for transformative Air quality policy in
Germany and Niger. Sustainability. (2021) 13:3973. doi: 10.3390/su13073973

87. Van Brussel S, Huyse H. Citizen science on speed? Realising the triple objective of
scientific rigour, policy influence and deep citizen engagement in a large-scale citizen
science project on ambient air quality in Antwerp. ] Environ Plan Manag. (2018)
62:8183, 534-551. doi: 10.1080/09640568.2018.1428183

88. Menni C, Valdes AM, Polidori L, Antonelli M, Penamakuri S, Nogal A, et al.
Symptom prevalence, duration, and risk of hospital admission in individuals infected
with SARS-CoV-2 during periods of omicron and delta variant dominance: a prospective

Frontiers in Public Health

19

10.3389/fpubh.2023.1202188

observational study from the ZOE COVID study. Lancet. (2022) 399:1618-24. doi:
10.1016/S0140-6736(22)00327-0

89. Varsavsky T, Graham MS, Canas LS, Ganesh S, Capdevila Pujol J, Sudre CH, et al.
Detecting COVID-19 infection hotspots in England using large-scale self-reported data
from a mobile application: a prospective, observational study. Lancet Public Health.
(2021) 6:¢21-9. doi: 10.1016/S2468-2667(20)30269-3

90. Boston Children’s Hospital, Harvard Medical School (2022) Outbreaks near Me.
Available at: https://outbreaksnearme.org/us/en-US/

91. Kullenberg C, Kasperowski D. What is citizen science? - a scientometric meta-
analysis. PLoS One. (2016) 11:¢0147152. doi: 10.1371/journal.pone.0147152

92.UKRI (2020) UKRI GCREF action against stunting hub annual meeting report
9th — 10th June 2020. Available at: https://actionagainststunting.org/wp-content/
uploads/2020/11/AnnualMeetingReport_StuntingHub.pdf (Accessed July 11,
2023).

93.CSGP (2022) Citizen science global partnership. Available at: http://

citizenscienceglobal.org/
94. UNDP (2023) Accelerator Labs. Available at: https://www.undp.org/acceleratorlabs

95. UN Statistical Commission (2023) Report on the 54th session, E/2023/24*-E/
CN.3/2023/37*, decision 54/102, paragraph (h). Available at: https://unstats.un.org/
UNSDWebsite/statcom/session_54/documents/2023-37-FinalReport-E.pdf (Accessed
July 11, 2023).

96. MacFeely S. In search of the data revolution: has the official statistics paradigm
shifted? SJI. (2020) 36:1075-94. doi: 10.3233/S]1-200662

97. Reister M, MacFeely S, Me A, Hereward M, Schweinfest S, Warschburger S. A
statistical quality assurance framework for the United Nations. SJI. (2022) 38:725-32.
doi: 10.3233/S]1-220014

98. TAEG-SDG Secretariat (2018) Guidelines on data flows and global data reporting
for Sustainable Development Goals. Background document to item 3 (a) of the forty-
ninth session of the United Nations statistical commission. Available at: https://unstats.
un.org/unsd/statcom/49th-session/documents/BG-Item-3a-IAEG-SDGs-
DataFlowsGuidelines-E.pdf (Accessed January 9, 2023).

99. MacFeely S, Nastav B. “You say you want a [data] revolution™: a proposal to use
unofficial statistics for the SDG global Indicator framework. SJI. (2019) 35:309-27. doi:
10.3233/S]1-180486

100. MacFeely S. Measuring the sustainable development goal indicators: an
unprecedented statistical challenge. J Off Stat. (2020) 36:361-78. doi: 10.2478/
jos-2020-0019

101. Olen SM. Citizen science tackles plastics in Ghana. Nat Sustain. (2022) 5:814-5.
doi: 10.1038/541893-022-00980-y

102. Asingizwe D, Poortvliet PM, van Vliet AJH, Koenraadt CJM, Ingabire CM,
Mutesa L, et al. What do people benefit from a citizen science programme? Evidence
from a Rwandan citizen science programme on malaria control. Malar J. (2020) 19:283.
doi: 10.1186/s12936-020-03349-8

103. Can Air IO (2023). Can Air IO. Citizen network for monitoring air quality.
Available at: https://canair.io/

104. IQAir (2023) IQAir. Available at: https://www.iqair.com/air-quality-community

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1202188
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1177/156482650302400405
https://doi.org/10.1111/j.1467-789X.2011.00950.x
https://www.eufic.org/en/healthy-living/article/preventing-childhood-obesity-through-community-based-initiatives
https://www.eufic.org/en/healthy-living/article/preventing-childhood-obesity-through-community-based-initiatives
https://doi.org/10.1186/s40409-017-0127-6
https://www.who.int/teams/control-of-neglected-tropical-diseases/snakebite-envenoming/snakebite-information-and-data-platform
https://www.who.int/teams/control-of-neglected-tropical-diseases/snakebite-envenoming/snakebite-information-and-data-platform
https://www.who.int/teams/control-of-neglected-tropical-diseases/snakebite-envenoming/snakebite-information-and-data-platform
https://cdn.who.int/media/docs/default-source/gho-documents/global-health-estimates/ghe2019_cod_methods.pdf?sfvrsn=37bcfacc_5
https://cdn.who.int/media/docs/default-source/gho-documents/global-health-estimates/ghe2019_cod_methods.pdf?sfvrsn=37bcfacc_5
https://cdn.who.int/media/docs/default-source/gho-documents/global-health-estimates/ghe2019_cod_methods.pdf?sfvrsn=37bcfacc_5
https://apps.who.int/iris/bitstream/handle/10665/43271/9241546751_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/43271/9241546751_eng.pdf
https://doi.org/10.22114/ajem.v0i0.292
https://doi.org/10.1093/heapro/16.2.169
https://doi.org/10.1016/j.cstp.2022.05.013
https://www.tu.berlin/en/topics/knowledge-exchange/2020/mai/safety-in-the-bicycle-saddle
https://www.tu.berlin/en/topics/knowledge-exchange/2020/mai/safety-in-the-bicycle-saddle
https://doi.org/10.3390/resources9120142
https://doi.org/10.3390/urbansci6020036
https://doi.org/10.3390/urbansci6020036
https://doi.org/10.3390/su13073973
https://doi.org/10.1080/09640568.2018.1428183
https://doi.org/10.1016/S0140-6736(22)00327-0
https://doi.org/10.1016/S2468-2667(20)30269-3
https://outbreaksnearme.org/us/en-US/
https://doi.org/10.1371/journal.pone.0147152
https://actionagainststunting.org/wp-content/uploads/2020/11/AnnualMeetingReport_StuntingHub.pdf
https://actionagainststunting.org/wp-content/uploads/2020/11/AnnualMeetingReport_StuntingHub.pdf
http://citizenscienceglobal.org/
http://citizenscienceglobal.org/
https://www.undp.org/acceleratorlabs
https://unstats.un.org/UNSDWebsite/statcom/session_54/documents/2023-37-FinalReport-E.pdf
https://unstats.un.org/UNSDWebsite/statcom/session_54/documents/2023-37-FinalReport-E.pdf
https://doi.org/10.3233/SJI-200662
https://doi.org/10.3233/SJI-220014
https://unstats.un.org/unsd/statcom/49th-session/documents/BG-Item-3a-IAEG-SDGs-DataFlowsGuidelines-E.pdf
https://unstats.un.org/unsd/statcom/49th-session/documents/BG-Item-3a-IAEG-SDGs-DataFlowsGuidelines-E.pdf
https://unstats.un.org/unsd/statcom/49th-session/documents/BG-Item-3a-IAEG-SDGs-DataFlowsGuidelines-E.pdf
https://doi.org/10.3233/SJI-180486
https://doi.org/10.2478/jos-2020-0019
https://doi.org/10.2478/jos-2020-0019
https://doi.org/10.1038/s41893-022-00980-y
https://doi.org/10.1186/s12936-020-03349-8
https://canair.io/
https://www.iqair.com/air-quality-community

	Citizen science for monitoring the health and well-being related Sustainable Development Goals and the World Health Organization’s Triple Billion Targets
	Highlights
	1. Introduction
	2. Materials and methods
	3. Results
	3.1. Indicator 2.2.2 Prevalence of malnutrition (weight for height > +2 or < −2 standard deviation from the median of the WHO Child Growth Standards) among children under 5 years of age, by type (wasting and overweight)
	3.2. Indicator 3.3.5 Number of people requiring interventions against neglected tropical diseases
	3.3. Indicator 3.6.1 Death rate due to road traffic injuries
	3.4. Indicator 5.2.1 Proportion of ever-partnered women and girls aged 15 years and older subjected to physical, sexual, or psychological violence by a current or former intimate partner in the previous 12 months, by form of violence and by age
	3.5. Indicator 6.2.1 Proportion of population using (a) safely managed sanitation services and (b) a hand-washing facility with soap and water

	4. Discussion
	4.1. Limitations
	4.2. Recommendations

	5. Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material

	References

