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Citizen science is an important vehicle for democratizing science and promoting the 
goal of universal and equitable access to scientific data and information. Data generated 
by citizen science groups have become an increasingly important source for scientists, 
applied users and those pursuing the 2030 Agenda for Sustainable Development. Citizen 
science data are used extensively in studies of biodiversity and pollution; crowdsourced 
data are being used by UN operational agencies for humanitarian activities; and citizen 
scientists are providing data relevant to monitoring the sustainable development goals 
(SDGs). This article provides an International Science Council (ISC) perspective on 
citizen science data generating activities in support of the 2030 Agenda and on needed 
improvements to the citizen science community’s data stewardship practices for the 
benefit of science and society by presenting results of research undertaken by an 
ISC-sponsored Task Group. 
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INTRODUCTION 

Citizen science is an important vehicle for democratizing science and promoting the goal of 
universal and equitable access to scientific data and information. While the benefits of civic 
engagement and the contributions of citizen science (CS) to societal goals such as environmental 
justice are widely recognized, perhaps less understood is the critical importance of data as an output 
of citizen science projects. Yet, data need to be recognized as a long-lived legacy of CS activities and 
an important contribution to scientific research. The International Science Council’s (ISC; formerly 
ICSU) acts as the “voice of science”, with the vision that scientific knowledge, data and expertise are 
universally accessible, and their benefits universally shared. Accessibility to scientific knowledge 
and sharing its benefits are also values associated with citizen science. Through its work the ISC is 
promoting data stewardship and dissemination in the CS community so as to magnify the impact 
of citizen science on policy and programs related to (among other things) attainment of the U.N. 
Sustainable Development Goals (SDGs) (see also Fritz et al., 2019; Fraisl et al., 2020). 
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To that end, in 2016 the ISC established a joint Task Group on 

Citizen Science Data under the auspices of its two data-related 
bodies, the Committee on Data (CODATA), which focuses on 
data policy and capacity building in data science, and the World 
Data System (WDS), which focuses on promoting the value  
and sustainability of Trustworthy Data Repositories (TDRs) that 
provide data stewardship, long-term preservation, and access to 
quality-assured data. In its first incarnation, the CODATA–WDS 
Task Group focused on understanding the ecosystem of data- 
generating CS and crowdsourcing projects so as to characterize 
the potential of and challenges for science as a whole and data 
science in particular.1 The interest was in evaluating CS practices 
throughout the data lifecycle. To that end, the Task Group (TG) 
conducted a survey of data collection, validation, curation, and 
management practices for a sample of 36 CS projects globally 
representing different research domains, types of CS practices, 
and regions (results published in Bowser et al., 2020). 

In its second incarnation, with some change in membership, 
the TG turned to the question of how CS can contribute to      
the evidence base for monitoring and driving progress toward 
achievement of the SDGs.2 To advance research in this area, in 
2020 the TG collected data on 44 CS projects in Sub-Saharan 
Africa linked to the water and sanitation (SDG 6) and urban 
development (SDG 11) SDGs. The TG also developed guidance 
for CS groups that wish to contribute data to SDG monitoring 
efforts by “unpacking” the often opaque language surrounding 
the SDG goal, target, and indicator framework by presenting key 
information in layperson’s terms. The purpose of this work is to 
provide “handles” that allow citizen groups to contribute to filling 
data gaps and tracking the progress of government agencies and 
other actors in monitoring and fulfilling the SDGs. 

This article provides an ISC perspective on the topic based 
on these efforts and the  views  of  the  co-authors,  who  have 
all served as TG members. From an ISC perspective, citizen 
science is an important vehicle for democratizing science and 
promoting the goal of universal and equitable access to scientific 
data and information. Beyond evaluating citizen science and its 
data products from the perspective of its utility to professional 
scientists (a primary focus of the work of the first TG), the ISC 
understands that CS can be a vehicle for addressing interlinked 
environmental and development issues that are of the highest 
concern to communities (a major focus of the second TG) 
(International Council for Science (ISC), 2017). These include 
environmental justice and equitable access to basic services such 
as clean water, food, education and health services. 

It should be noted that CS is an evolving practice that covers 
many disciplinary areas and types of citizen contributions, from 
crowdsourcing using online platforms to relatively passive modes 
of data collection using sensors to extreme CS (often conducted 
under the auspice of terms like “community based participatory 
research”), in which citizens are involved in all phases from 
problem definition to protocol development and implementation 

 
1 The full TG remit and membership can be found at https://codata.org/initiatives/ 
task-groups/previous-tgs/citizen-science-and-crowdsourced-data/. 
2 The remit and membership of the second TG can be found at https://codata.org/ 
initiatives/task-groups/citizen-science-for-the-sustainable-development-goals/. 

(Haklay, 2013). This complexity makes generalizations perilous. 
Hence findings presented in this perspective must necessarily be 
seen as partial, though still helpful for highlighting common data 
practices among CS projects and understanding the potential that 
CS holds for democratizing data. 

 

FINDINGS 
Current Data Practices in Citizen Science 
and Recommendations for 
Future Activities 
In 2017 the TG launched a research  project  to  understand  
“the State of the Data in Citizen Science.” The TG developed    
a sampling framework for capturing the diversity of citizen 
science projects, including topical areas, geographic scale or 
scope, location, type of data collection or data analysis, and 
project governance model. This resulted  in  a  sample  of  36  
CS projects. TG members then surveyed CS project principals 
using an interview instrument designed to elicit self-reported 
practices on aspects of the data lifecycle and data management, 
including information on data quality assurance and quality 
control (QA/QC), technical infrastructure, and data governance, 
documentation, and access. 

Some of the most vocal criticisms of citizen science involve 
the perceived quality of citizen science data (e.g., Nature, 2015). 
We found that many of the projects in our sample had robust 
mechanisms for ensuring data quality −94% of projects surveyed 
used one method or more, and 56% used five methods or more. 
This suggests that data quality itself is not a major issue in CS, but 
rather the documentation (or lack thereof) of publicly reported 
QA/QC and practices is a main opportunity for improvement. 
We also found opportunities for improvement around data 
storage, management, and access. For example, compared to  
the large number of projects employing a diverse range of 
QA/QC mechanisms, fewer projects provided easy access to open 
data, offered a persistent unique identifier (UID), or selected   
an open license. Still, in line with norms around providing 
feedback to guide and motivate continued participation, the 
majority of projects (83%) found some way to share findings with 
their volunteers. 

The complete description of research findings can be found 
in the journal article by Bowser et al. (2020). In addition, as      
a complementary practical resource the TG offered a summary 
of recommendations in six areas of the data lifecycle. Here, 
based in part on the article and on findings  from  ongoing  
work, we offer some updated recommendations  for  at  least 
two audiences: citizen science projects seeking to  improve  
their own data-related practices, and therefore  elevate  the  
value of their data for reuse, and a growing number of 
supporting platforms, infrastructures, and communities that are 
supporting citizen science projects in data curation, validation, 
and management. 

 
Data Quality 
Many projects already ensure that volunteers receive training, 
sensors undergo initial calibration checks, and assessments are 
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made for individual devices and contributors. Some projects are 
also leveraging “big data” quality strategies, including methods 
to flag outliers for further checks, or incorporating uncertainty 
metrics for devices, volunteers, and individual measurements 
(e.g., Kelling et al., 2015). For projects that seek to promote the 
re-use of their data, or for supporting platforms, initial analysis 
on the quality of the collection, sampling approaches, and 
triangulation against other datasets encourages reuse and further 
increases the credibility of CS data in the scientific community. 
To improve data quality assessments, we recommend that CS 
projects with minimal privacy concerns could store the data     
in its most disaggregated form, explicitly state likely biases in 
sampling [e.g., over-sampling in nature preserves or on weekends 
(Cooper, 2014)], and document these assessments along with 
their QA/QC practices on websites and/or through formal 
QA/QC plans. 

 

Data Infrastructure 
Many CS platforms, such as iNaturalist, OpenStreetMap, 
BioCollect, and CitSci.org, already offer existing “infrastructures” 
of technological platforms and communities. Other projects  
may develop their own technological platforms and systems.  
To the degree possible, we encourage new projects to consider 
leveraging existing, already tested infrastructures across the  
data lifecycle rather than establishing entirely new and distinct 
platforms. In cases where new developments become necessary, 
it is critical to partner with existing open-source technology   
and standards development communities to ensure that best 
practices are achieved. For example, working groups of the U.S. 
based Citizen Science Association (CSA) and Open Geospatial 
Consortium (OGC) have already established guidelines for 
metadata documentation and/or standards for data collection 
and sharing. 

 

Data Preservation 
Both within and  beyond  citizen  science,  there  are  benefits  
to data archiving in large and stable data repositories, where 
they can be aggregated with data from  other  CS  efforts  as 
well as data from other research methodologies (see  data  
access below). Ideally, to ensure long-term data preservation,  
an archiving strategy should  involve  more  than  one  copy,  
use different media technologies, and preserve the datasets at 
different locations (Eynden et al., 2011; Parsons et al., 2011). Raw 
data and metadata should also be retained to allow subsequent 
reprocessing (Danielsen et al., 2020). 

 

Data Governance 
Relevant considerations include privacy and ethical data use, 
including ensuring the protection of sensitive location-based 
information, personally identifiable information (PII), and 
proper use of licensing. CS projects should carefully consider 
tradeoffs between openness and privacy. For example, while 
many citizen science projects embrace openness as a scientific 
ideal and support data re-use, there are also legitimate concerns 
around the safety of endangered or threatened species and the 
privacy of citizen science volunteers who may share data from 
sensitive locations (Bowser et al., 2017; Johnson et al., 2021). 

Moreover, CS projects should ensure that data ownership and 
data use rights are clearly stated and reflect the priorities of the 
volunteers (see also data licenses below). 

 
Data Documentation 
As discussed earlier, assessments of data quality and fitness- 
for-purpose can be supported with documentation on QA/QC 
methods on project websites.  Documentation  is  also  needed 
to describe exactly how the data were collected, including 
information on specific protocols (Assumpção et al., 2018). One 
opportunity for sharing this information is posting  it  along  
with QA/QC methods on project websites. In addition, as 
existing work on data and metadata standards and supporting 
platforms continues to evolve, tools such as data  catalogs  
could document standardized information on  methodologies  
for  external  parties  to  discover  and  assess.  The  field  of   
CS would benefit from increased resources to support data 
documentation, which promotes confidence in the data as well 
as reuse. 

 
Data Access 
In terms of data discovery and access, 28% of projects surveyed 
made data available through a topical or field-based repository 
(such as the Global Biodiversity Information Facility), 22% 
through an institutional repository, 11% through a  public  
sector data repository, and 6% through a publication-based 
repository. This broadly corresponds with the practices by 
scientists more generally (Tenopir et al., 2015).  CS projects 
can encourage re-use by providing easy access to their data      
in standardized formats. Multiple download options such  as 
raw and cleaned data, temporal and spatial subsets, and format 
options such as spreadsheets, geographic formats, and API 
access can help to  eliminate  the  barriers  to  use  and  meet  
the needs of data users. The ability to subset the data is 
particularly beneficial in regions with limited bandwidth. Note 
that broader open science efforts are  required  to  promote  
open access to citizen science data, along with other types of 
scientific knowledge. 

 
Data Licenses 
In addition to making data open, additional mechanisms are 
required to make data findable, accessible, interoperable, and 
reusable (FAIR; Wilkinson et al., 2016). We recommend the 
adoption of open, machine-readable licenses. Our research found 
that Creative Commons licenses are frequently used in citizen 
science (e.g., CC BY 4.0, which promotes attribution of the data 
authors but otherwise does not restrict use). While seemingly 
“progressive” and in keeping with the community ethos of  
some CS initiatives, the restriction on commercial uses (such   
as CC BY-NC 2.0) or the inappropriate application of share- 
alike licenses (such as CC BY-SA 3.0) can prevent third parties 
from providing value-added data and services based on raw data 
that are of benefit to society. Other licenses, such as the Open 
Data Commons Open DataBase License (ODbL), may also be 
appropriate for projects seeking to maximize data reuse (see 
Cooper et al., 2021, this Research Topic). 
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The Use of CS Data for the SDGs: 
Challenges and Opportunities 
In 2019, as the above work was being finalized, the TG turned 
its attention to understanding challenges and opportunities for 
citizen science to contribute to the SDGs. Our findings in this 
area, based on a 2020 survey of 44 CS initiatives in Sub-Saharan 
Africa, are more preliminary. We focused on water supply and 
access (SDG 6) and urban planning and sanitation (SDG 11)  
out of a recognition that these two areas are of high concern in 
Africa (Stren, 2019), and the fact that projects in these domains 
are more likely to be driven by community  concerns  rather 
than donor  interests (Jameson et al., 2020). The survey was of  
a representative mix of projects across regions of sub-Saharan 
Africa, with roughly 39% of projects from West Africa, 27% each 
from Central and East Africa, and 7% from Central Africa.3 The 
authors identified respondents in a number of countries through 
TG members and regional CS experts, then employed snowball 
sampling to identify additional respondents. All respondents 
were directed to the link for a Google form or interviewed in 
person using the same instrument. 

Examples of surveyed projects include the Nigeria 
Slum/Informal Settlement Federation, the Clean and Green 
Congo project in the Democratic Republic of Congo, the Citizen 
Land and Service Project in Ghana, Map Kibera in Nairobi, 
Kenya, and the AfriWatSan project in Uganda. Domains 
represented by the CS projects (in descending order of frequency 
considered in our survey) include mapping of resources, urban 
planning, urban sanitation, ecosystems and ecology, disaster risk 
management, and transportation, among others. Common tools 
used by the projects include smartphones, sensors, test kits, and 
a variety of geospatial tools (GPS, GIS, OpenStreetMap, etc.) 
and the primary purposes were to educate the public, advance 
research and ensure that evidence-based policies are enacted. 

 
 
Findings 
Our findings suggest that CS projects have the potential to 
contribute to SDG tracking through participatory data collection, 
standardized data collection across cities, and improved data 
accessibility for decision making and  science.  Perhaps  the  
two most important contributions from an equity lens are in 
understanding community perspectives and generating data at 
local levels (which are critical for the Leave No One Behind 
focus of the 2030 Agenda), and promoting the empowerment   
of communities to negotiate with authorities on service delivery. 
However, barriers still remain to getting citizen science used in 
SDG reporting, due to issues such as an inherent lack of trust   
in citizen-generated data, as well as (in some cases) inconsistent 
adherence to best practices for data management, including those 
described above. 

 
3 Almost half of the projects were in Nigeria and South Africa, which reflects TG 
member contacts but may also very well reflect high engagement with CS in these 
two countries. The team found it difficult to locate CS representatives without in-
country contacts who could identify the main actors and provide up-to-date email 
addresses or cell phone numbers, since most information on the Internet    is 
unreliable. 

While the use of citizen-generated data by decision makers  
is not yet widespread, trust and acceptability have been found  
to increase the chances of data use. City officials in Lagos have 
used CS generated data to select communities for revitalization 
and service provision, and National Statistical Offices (NSOs) 
in Kenya and Ghana have expressed openness to CS generated 
data on the grounds that data are scarce, no agency can monitor 
all 17 SDGs, and such data can mobilize community and 
government cooperation. Some specific examples of data use  
by governments came out of SDG6-related projects in southern 
Africa. For example, the uMkhomazi Landscape Restoration 
Project in South Africa states that the government is supportive 
and is seeking to integrate data from citizen science into 
catchment management, whereas WaterAid in Eswatini (former 
Swaziland) mentioned decision makers’ understanding of the 
potential to use the data to inform better planning and budgeting 
for water supplies, however financial constraints have limited 
government action. 

Recognizing that most citizen groups are not trained in the 
processes developed by NSOs to ensure the consistent collection 
of robust data, citizen-generated data may need to be validated 
by an NSO before inclusion in official SDG reporting. It has 
been suggested that such data may therefore be viewed mainly 
as a complement to data from conventional sources and could 
be provided alongside official statistics. Viewed from the CS 
perspective, Jameson et al. (2020) argue that citizen science in 
low-income contexts should not only be viewed in terms of the 
value of data production but also as a means of empowering and 
engaging communities. Thus, rather than requiring that citizen 
scientists adhere to rigorous protocols and sustain data collection 
efforts over long periods, CS projects are perhaps best positioned 
to identify gaps in data acquisition and to highlight community 
concerns, and as a tool for lobbying for better services and 
hopefully sustained and consistent data collection by government 
agencies on issues of importance to communities. 

 

Enabling Citizen Science Contributions 
The complexity of the SDG indicators suggests that they have 
not been developed with a view to enabling lay-people to 
monitor them (Fritz et al., 2019). Where CS groups do wish     
to contribute to sustained monitoring of SDG progress, they 
need tools to do so. Thanks to multiple interactions of members 
of the TG with experts  at  the  UN,  governments  and  NSOs 
on one side, and citizens in the field on the other, it became  
clear that some of the limits to engagement and adoption of 
improved data collection practices lie in misunderstanding and 
miscommunication between the two groups. The requirements 
that bodies like the UN and NSOs have for data, including 
quantity, quality, collection procedures, and the needs for specific 
measurements are quite strict. For CS data to be useful in this 
context, CS groups need to be aware of such criteria. However, 
the jargon and complexity of official requirements is often 
impenetrable to citizen groups, which can represent a barrier    
to engagement. 

In order to explore the extent of this challenge, we sought    
to demystify the official requirements for a selection of SDG 
indicators by translating them into layperson’s language. The 
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TG worked with five indicators and produced for each a 
compendium4 including concepts and definitions of the goal, 
target and indicator; a global overview on the current progress 
in attaining the target; the computation method and an example 
of implementation; the rationale, significance and consequences 
of implementing the indicator; and suggestions on how a citizen 
can participate and contribute. Documentation is necessary to 
raise awareness on how data need to be collected for selected 
SDG indicators, and to present citizen science projects with clear 
opportunities for participation. 

Also, those seeking to re-use CS data—particularly for 
national or international reporting and assessment processes— 
need to meet citizen science projects halfway (Eicken et al., 2021). 
Even when citizen science projects are following scientific best 
practices for collecting, analyzing, and sharing data, governing 
bodies like the UN typically have additional requirements for 
monitoring and assessment processes. For example, efforts are 
underway to promote CS contributions to reporting progress   
on SDG 14.1.1.b, which assesses plastics pollution in oceans, by 
including an indicator for citizen science collected data on beach 
litter (Campbell et al., 2019). A UN advisory group produced an 
138-page report on plastics pollution (Joint Group of Experts  
on the Scientific Technical Aspects of Marine Environmental 
Protection (GESAMP), 2019) that is too  dense  and  detailed 
for most individuals or citizen science groups. Recognizing a 
gap to be filled between such detailed guidelines and the need 
for actionable, on-the-ground guidelines, UNEP convened a 
workshop in December 2020 to discuss how to effectively leverage 
citizen science for SDG reporting that considered both UNEP 
and CS perspectives. Similar efforts around SDGs 6, 11, and 
others could further bridge lingering gaps. 

That said, whereas some types of indicators are amenable to 
involvement of local stakeholders in their monitoring (Danielsen 
et al., 2013), others are best suited to expert-driven assessment 
(e.g., indicators that require a national overview or detailed 
knowledge of administrative or legislative aspects). This suggests 
that just as citizen science data may be fit for a particular purpose, 
participation through citizen science should also be conducted 
with explicit acknowledgment of achievable end goals that benefit 
data users and citizens alike. 

 
 
 
 

4 To access these “how to” guides, follow the link in footnote 2. Goal 3: good 
health and well-being - target 3.1: by 2030, reduce the global maternity ratio to 
less than 70 per 100,000 live births—indicator 3.1.1: maternal mortality ratio; 
Goal 11: sustainable cities and communities—target 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—indicator 
11.6.1: proportion of municipal solid waste collected and managed in controlled 
facilities out of total municipal waste generated, by cities; Goal 13: climate action— 
target 13.1: strengthen resilience and adaptive capacity to climate related hazards 
and natural disasters in all countries—indicator 13.1.2: number of countries that 
adopt and implement disaster risk reduction (DRR) strategies in line with the 
Sendai Framework for DRR 2015-2030; Goal 15: life on land—target 15.5: take 
urgent and significant action to reduce the degradation of natural habitats, halt the 

DISCUSSION 

In order to leverage the potential of citizen science to address 
grand challenges like the SDGs, more  work  is  needed,  both 
on  good  data  practices,  and  on  alignment  between  data   
and decision-making. The ISC’s action plan for 2019–2021, 
Advancing Science as a Global Public Good (International Science 
Council (ISC), 2019), revolves around four domains considered 
as the major challenges for society to which science—and the ISC 
as a global voice for science—must respond. The fact that the first 
of these challenge domains is “The 2030 Agenda for Sustainable 
Development” highlights the ISC’s leadership role in the post- 
2015 development processes of the United Nations, and its strong 
commitment to work with its members and other international 
scientific organizations, funders, government agencies, NGOs 
and the prívate sector toward meeting the SDGs. 

CODATA’s strategic plan focuses, among other things,  on 
the contribution of research data and analysis to indicators 
supporting the 2030 Agenda and the Sendai Framework for 
Disaster Risk Reduction. This is part of a broader effort on 
making data work for cross-domain grand challenges, including 
data interoperability and reuse—i.e., FAIR data. It is important 
for the CS community and domain experts to continue to 
develop agreed upon standards and ontologies for data access 
and integration (i.e., accessibility and interoperability). The 
CODATA-RDA School of Research Data Science, a strategic 
program to train early career researchers from low and middle 
income countries in data skills, has developed short courses and 
held summer schools over the last 5 years. The school is open to 
CS practitioners and could be a valuable mechanism for them to 
gain additional data science skills. 

For its part, WDS underscores in its 2019–2023 Strategic 
Plan the importance of all scientific data being preserved for  
the long-term in trustworthy data repositories, including citizen- 
generated data (World Data System (WDS), 2019). This is vital 
to both  the  integrity  and  the  acceleration  of  science,  since  
it moves toward FAIR data practices for current and future 
generations of scientists seeking to address the grand challenges. 
WDS encourages citizen science groups that maintain their own 
data holdings to become TDRs by becoming CoreTrustSeal 
certified,5 and ultimately WDS Regular Members. This would 
ensure that they become more integral parts of the research data 
infrastructure through involvement in international collaborative 
programmes sponsored by ISC and beyond. 

The work by the Task Group has contributed to a better 
understanding of the data management practices and needs of 
the CS community, including practical challenges facing smaller 
groups with limited financial and human resources. Clearly, 
given the range in scales and foci of activities among CS  
groups globally, a one-size-fits-all strategy will not work. And, as 
mentioned, the primary goal of all CS projects is often not data 
generation (Johnson et al., 2021). But, for medium- to large-sized 
data generating CS projects, the TG supports efforts to develop 
standards and to incorporate CS data into global research data 
infrastructure–as is already happening with ornithological data 

loss of biodiversity and, by 2020, protect and prevent the extinction of threatened    
species—indicator 15.5.1: red list index. 5 For more information visit https://www.coretrustseal.org/. 
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collected by eBird, which is deposited in the Global Biodiversity 
Information Facility (GBIF), a WDS regular member (Chandler 
et al., 2017). The TG also recognizes that citizen science projects 
often unfold in environments with limited resources. While we 
believe that identifying and recommending good data practices 
will help advance the field and enable more scientific research, 
we also understand that additional work will be needed to help 
citizen science projects translate these recommendations into 
concrete practices. 

In 2021, the TG is developing a report on CS for SDGs 6 and 
11 in Sub-Saharan Africa that will include practical guidelines 
for CS groups wanting to contribute to SDG monitoring in the 
urban water, sanitation and environmental planning domains. 
This can support the work of urban managers and UN agencies 
such as UN-HABITAT, as well as highlight the way citizen 
engagement can improve the lot of millions of urban residents 
across the continent. 
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