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ABSTRACT

Citizen science data are an example of a non-traditional data source that is starting to
be used in the monitoring of the United Nations (UN) Sustainable Development Goals
(SDGs) and for national monitoring by National Statistical Systems (NSSs). However, little
is known about how the official statistics community views citizen science data, including
the opportunities and the challenges, apart from some selected examples in the literature.
To fill this gap, this paper presents the results from a survey of NSS representatives
globally to understand the key factors in the readiness of national data ecosystems
to leverage citizen science data for official monitoring and reporting, and assesses the
current awareness and perceptions of NSSs regarding the potential use of these data.
The results showed that less than 20% of respondents had direct experience with citizen
science data, but almost 50% felt that citizen science data could provide data for SDG
and national indicators where there are significant data gaps, listing SDGs 1, 5, and 6 as
key areas where citizen science could contribute. The main perceived impediments to
the use of citizen science data were lack of awareness, lack of human capacity, and lack
of methodological guidance, and several different kinds of quality issues were raised by
the respondents, including accuracy, reliability, and the need for appropriate statistical
procedures, among many others. The survey was then used as a starting point to identify
case studies of successful examples of the use of citizen science data, with follow-up
interviews used to collect detailed information from different countries. Finally, the paper
provides concrete recommendations targeted at NSSs on how they can use citizen science
data for official monitoring.
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INTRODUCTION

The United Nations (UN) Sustainable Development Goals
(SDGs) are a set of 17 Goals with accompanying 169
targets that aim to guide global development efforts in
addressing the world’s greatest challenges from hunger to
climate change (UN 2015). Progress towards the SDGs is
monitored through 231 indicators developed by the Inter-
agency and Expert Group on SDG Indicators (IAEG-SDGs)
(UN2020). Custodian agencies, which are UN bodies or other
international organizations, are responsible for developing
global standards and methodologies for the monitoring of
theseindicators and forcompilingand verifying country data
and submitting these to the UN Statistics Division (UNSD)
(IAEG-SDGs 2018). UNSD then publishes the regional and
global aggregates in the SDG Global Database along with
these country data and metadata (UN 2023). Countries
drive these monitoring processes through their National
Statistical Systems (NSSs), which comprise the National
Statistical Offices (NSOs), line ministries, and other national
agencies responsible for official monitoring. This means
that the countries decide which data and metadata they
will share with the custodian agencies and to what extent
they should be published (IAEG-SDGs 2018). Furthermore,
countries can choose to submit their Voluntary National
Reviews (VNRs) on the SDGs (HLPF 2023) to the High-Level
Political Forum (HLPF), which is the central platform for the
review of the 2030 Agenda for Sustainable Development at
a national level (UN 2012).

Countries and the custodian agencies often use
traditional sources of data such as censuses and surveys
in their SDG monitoring and reporting activities (ISWGHS
2019). However, it is widely acknowledged that these
data have some limitations, such as outdatedness and
insufficient coverage both spatially and temporally, among
others (Fritz et al. 2019; Dang and Serajuddin 2020; Frais!
et al. 2020). Additionally, measuring 231 indicators using
only traditional sources of data can be quite costly (Fraisl
et al. 2020). As a result, many countries are turning to new
sources of data, such as satellite imagery, social media,
and mobile data as alternative sources or to complement
traditional sources of indicator data (UNSD 2022). In
addition, citizen science data, which are also often referred
to as citizen-generated data by NSOs and civil society
organizations (CSOs) (Higgins and Cornforth 2015; PARIS21,
PSA, and PSRTI 2020), have emerged as a new data source
in this process (MacFeely and Nastav 2019; Campbell et al.
2020).

Citizen science broadly refers to the practice of public
engagement in scientific research and knowledge
production (Eitzel et al. 2017; Fraisl et al. 2022a). It has
neither an agreed definition nor one single term that is

used to describe a wide range of activities considered as
citizen science (Haklay et al. 2021). In addition to citizen-
generated data, examples of other terms used to describe
citizen science activities include crowdsourcing, community
science, participatory action research, and volunteered
geographic information, among others (Conrad and Hilchey
2011, Eitzeletal. 2017; Haklay et al. 2021; MacDonald 2012;
Shirk et al. 2012; Sieber and Haklay 2015). The emergence
of these diverse terms and approaches is related to the
different contexts in which they originated and to the
diverse disciplines in which they are applied. Collecting
biodiversity observations, recording disease symptoms,
reporting on sexual harassment, and classifying galaxies
are just a few examples that show the broad spectrum of
citizen science. The diversity of approaches is also reflected
in the methodologies that are used in citizen science, from
hypothesis-driven scientific approaches to practices that
involve local knowledge for addressing a political or social
issue or for improving transparency and accountability of
public authorities (Shirk et al. 2012; Auerbach et al. 2019;
Haklay et al. 2021).

Even though the diversity of terms, definitions, and
methodologies has hindered the ability to leverage citizen
science data for official monitoring and official statistics,
it has been acknowledged that citizen science can provide
valuable data to address many of the challenges facing our
world and to inform policies and actions (Fraisl et al. 2022¢;
Proden et al. 2022a; UNEP 2019, 2021a). For example, in
their systematic review, Fraisl et al. (2020) show that
citizen science data can contribute to the monitoring of
33 percent of the SDG indicators, and the goals that can
benefit from citizen science data the most, in order of
relevance, are SDG 15, Life on Land; SDG 11, Sustainable
Cities and Communities; SDG 3, Good Health and Wellbeing;
and SDG 6, Clean Water and Sanitation. For example, Fritz
et al. (2019) highlighted the potential of citizen science to
address data gaps related to various environmental issues
covered in the SDG indicator framework, such as Indicator
14.1.1b on plastic debris density. Subsequently, the first
example of the integration of citizen science beach litter
data into the official statistics of Ghana occurred, which
demonstrated that citizen science data can help not only to
address data gaps and needs, but also mobilize action and
raise awareness of global issues related to marine plastic
pollution, and inform policies in a more cost-efficient way
in comparison to traditional sources of data (Fraisl et al.
2022b; Olen 2022).

Although the above-mentioned studies and others
have shown the potential and challenges of using citizen
science data for SDG monitoring and official statistics, they
have not covered the perspectives of the official statistics
communities, in particular the NSSs, in a comprehensive
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way. Gaining a better understanding of this perspective
is one of the main objectives of the Crowd4SDG project,
funded under the Horizon program of the European Union,
which aimed to identify and demonstrate the potential of
citizen science for SDG monitoring and implementation.
Conducted as a study within the Crowd4SDG project, the
aim of this paper is to assess the current awareness and
the perceptions of NSSs regarding the potential of citizen
science data for official monitoring and reporting purposes,
including the types of data gaps that citizen science data
could fill, the perceived and actual impediments faced by
NSSs in the use of citizen science data, and issues related
to the quality of the data. In addition, it explores the types
of citizen science data that are used, common institutional
set-ups that govern the relationship between the official
statistics and citizen science communities, and the related
enabling factors.

METHODOLOGY

There are two components to the methodology: an online
survey and case studies. The online survey had three tracks:
(i) the official statistics community, (ii) policy makers, and
(iii) citizens. Here we present the results from the first
track with input primarily from NSSs. The questions in the
survey were drafted by the lead author and organized
into 6 sections. These include 0. Basic information, 1.
Respondent’s role, 2. Familiarity with non-traditional data
sources and citizen science data, 3. State of play on the
use of citizen science data, 4. Impediments, limitations,
and quality considerations for the use of citizen science
data, and 5. Needs and opportunities. Sections 0 to 1 were
designed to collect information on the profile and role of
the survey respondents. Among these questions were,
for example, “Please indicate which part of the official
statistics community you are from” with possible options
being “NSO,” “NSS outside of NSO - sectoral statistics,”
“NSS outside of NSO - sub-national level,” “International
organization,” and “Regional organization.”

In Section 2 there were questions about awareness of
and experience with nontraditional data sources (including
citizen science data) to help understand how open and
willing NSSs were to leverage these new data sources;
this excluded administrative data and data from Earth
observation because they have well-established practices
and are already broadly used by NSSs. Respondents were
also requested to provide their definition of citizen science
data with a view to comparing a self-assessment of their
familiarity with citizen science data and the current state of
knowledge and definitions in this area.

Questions in sections 3 to 5 were focused mainly on
citizen science data. Section 3 asked respondents to outline
any projects run by their organizations that use data
generated by citizens along with the enabling factors that
made this possible, including the motivation of the citizen
science community to contribute to official monitoring. As
the main mandate of NSOs is to produce high-quality data,
in section 4, questions were asked about the quality-related
challenges encountered as part of the implementation of
these projects. Respondents were asked to review key areas
of the UN National Quality Assurance Framework for official
statistics, which includes criteria across three dimensions—
the enabling environment, processes and outputs, and
is used by many NSOs to define their own approaches.
Respondents were then asked to identify those areas
where they expected to encounter challenges regarding
citizen science data. They were also asked to share their
views on the common impediments to the broader use of
citizens science data, covering the perspectives of those
who ran such projects as well as those who have not.
Finally, in section 5, respondents were asked about the
perceived opportunities offered by citizen science data
for NSOs, both in terms of data for specific SDGs, as well
as other advantages such as more disaggregated data,
timelier data, or data on citizen perceptions. Respondents
could also provide additional explanations and add areas of
potential use beyond the SDGs. A copy of the questionnaire
is provided in Supplemental File 1: Appendix A.

To provide feedback on the questionnaire, the survey
and the research study an Advisory Group was set up by the
lead author, which was comprised of eight representatives
of the official statistics community including several UN
agencies such as the UN Statistics Division (UNSD), the
UN Convention on Biodiversity (UNCBD), UN Women, and
the United Nations Conference on Trade and Development
(UNCTAD), as well as one representative from the Global
Partnership for Sustainable Development Data (GPSDD),
two representatives from the International Institute of
Applied Systems Analysis (ITASA) (and co-authors of this
paper), and one representative from the Citizen Science
Center Zurich. The consultation process on the study design
and the survey questionnaire ran for three months between
November 2020 and February 2021. The questionnaire was
not tested before release.

The survey was then sent to the Chief Statisticians of all
193 UN Member States, 1 Observer country, and 7 British
Overseas Territories via official letters by email, asking
them to invite members of NSOs and NSSs to complete the
online survey. The survey was conducted from 12 February
to 12 March 2021. The survey was also sent on 18 February
2021 to focal points or representatives of 44 custodian
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agencies for SDG indicators, 5 regional commissions and 4
regional organizations, inviting them or their colleagues to
participate. There was no limit to the number of answers
to the survey per country or organization, as the aim was
to gather varied perspectives and insights across NSSs at a
global scale on the awareness, use, and perceived potential
of citizen science data. Hence, in some cases, several
respondents from the same NSS participated in the survey.

The second part of the methodology involved the
collection and analysis of case studies, which were used
to gather additional insights into the types of data gaps
that citizen science data can help to address, as well as
enrich understanding of the enabling factors and major
challenges related to the use of citizen science data
by NSSs. The responses from the survey were used as
a starting point to gather these case studies; thirteen
survey respondents expressed an interest in having their
citizen science initiatives included as case studies. Survey
respondents whose projects fit the definition of citizen
science data used in this study were then contacted, and
three were subsequently interviewed. Note that some
survey respondents had more than one case study to share.
Other case studies were suggested by the members of the
Advisory Group and the Crowd4SDG project. Information
about the case studies was gathered through a set of
semi-structured interviews conducted mainly through
videoconferencing between March and April 2021 with the
NSOs or the members of NSSs; one case study is based on
a detailed country report (PARIS21, PSA, and PSRTI 2020),
and another on an interview that took place in April 2022
(Proden et al. 2022a). During the interviews, participants
were first invited to talk about their work related to
the use of citizen science data without any prompting
questions. They were then asked to clarify certain points or
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discuss aspects related to the enabling factors, common
impediments, and the solutions used to ensure the success
of a citizen science data project.

RESULTS

RESULTS FROM THE SURVEY

The results of the survey presented here are a selection of
the most relevant outcomes to the aim of this paper. More
details can be found in Proden (2021a) and Proden et al.
(2022aq).

In total, 121 representatives from the official statistics
community answered most ofthe questionsinthesurvey (2).
These included questions on their background; awareness
about citizen science data; experience with nontraditional
data sources, including citizen science data; the existence
of citizen science projects run by their organizations; and
the related lessons learnt. From this total, 97 people also
answered the questions on the expected impediments
to the use of data from citizen science and on the issues
related to quality, and there were 91 responses to the
potential of citizen science data to fill SDG data gaps.

More than half of the survey respondents (52%) had 10
or more years of experience working in official statistics.
The largest participation was from Latin America and the
Caribbean (26%) followed by Europe and Asia-Pacific,
both with 11% (Figure 1). 44% of the participants chose
not to provide their location in the survey as this was not
mandatory to ensure a higher participation rate.

Figure 2 shows that the majority of respondents (75%)
were from NSOs followed by around 18% from broader
NSSs in line Ministries or at the sub-national level. Finally,
there was some small representation from international
and regional organizations.

= [ atin America & the Caribbean

= Asia-Pacific

= Africa
= Europe
1% = West Asia

Figure 1 The regional breakdown of the survey respondents as a percentage of the total (n =121).
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Figure 3 illustrates the results related to the level
of awareness of citizen science, with around 60% of
respondents reporting a rudimentary or basic level of
awareness and no experience with nontraditional data.
Of the remaining 40%, around half of the participants had
indirect experience, that is, they have seen or witnessed
successful examples of the use of citizen science data,
whereas the remaining half had direct experience, that is,
they have contributed to projects involving nontraditional
data.

To gain a better understanding of the types of
nontraditional data sources that the survey respondents
have worked with directly or indirectly, examples of
different sources of data were provided. As summarized
in Figure 4, mobile phone data was by far most used data
source (26%), followed by text data (17%) and transport

International organization -

Regional organization

National Statistical System — Sub-national level .

data (16%). Only 13% of the respondents worked with
citizen science data in the past.

Respondents were asked to clarify the actual or potential
data gaps that citizen science data could help to address
in terms of the SDG indicators and other areas of official
monitoring. Summarized in Figure 5, the indicators from
SDG 5, Gender Equality; SDG 6, Clean Water and Sanitation;
SDG 13, Climate Action; SDG 1, No Poverty; SDG 15, Life on
Land; SDG 11, Sustainable Cities and Communities; SDG 3,
Good Health and Wellbeing; and SDG 16, Peace, Justice
and Strong Institutions were identified as the SDGs with
greatest potential for benefiting from citizen science data
by the respondents. The lefthand column of Table S1 in
Supplemental File 2: Appendix B lists individual indicators
that were listed by respondents for which citizen science
data could contribute or be useful. Respondents were

National Statistical System outside of NSO — -

Sectoral statistics

Nationa Satsica Ofice (v5)

0%

10% 20% 30% 40% 50% 60% 70% 80%

Figure 2 The distribution of survey respondents as a percentage of the total by the type of organization within the official statistics community
that they are in (n = 121). Regional organizations refer to UN Regional Commissions or other regional organizations such as development
banks while international organizations included UN agencies and other organizations that serve as custodians for SDG indicators.

mRudimentary.

mBasic awareness but no direct or
indirect experience.

® Some indirect experience (have
seen or witnessed successful
examples).

m Direct experience (contributed to
projects involving non-traditional
data sources).

Figure 3 The degree of familiarity with nontraditional data sources (with administrative and Earth observation data excluded) among

survey respondents as a percentage of total responses (n=121).
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Mobile phone data

Text data (e.g., news, social, web)

Transport data (e.g., public transport usage, ship
identification data, road sensor data)

Data from social media

Economic transactions data (e.g., credit card data,
scanner data)

Data generated with active support from citizens
(citizen science data in this study)

Other (please specify which one exactly as needed
(e.g., credit card data))

Utilities data (e.g., smart meter electricity data)

0%

5% 10% 15% 20% 25% 30%

Figure & The types of nontraditional data sources that survey respondents have worked with, either directly or indirectly, as a percentage

of the total number of respondents (n=121).
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Figure 5 SDGs with indicators to which citizen science data could contribute identified by survey respondents as a percentage of the total

number of responses (n = 91). SDG: Sustainable Development Goals.

also asked for general areas where citizen science could
fill data gaps, which included beach litter, adequate
housing, access to food, gender rights, land use, and land
cover monitoring. The righthand column of Table S1 in the
Supplemental File 2: Appendix B provides the responses
obtained.

Figure 6 summarizes the responses regarding the
perceived usefulness of citizen science data for official
monitoring. Almost 50% felt that citizen science data could
provide data for SDGs and national indicators where there
are significant data gaps, while around 40% felt that citizen
science data could be useful for indicators that involve the
measurement of citizen perceptions. Increased spatial and
temporal coverage were also perceived as areas that could
benefit from citizen science data.

Respondents were also asked to rank the main
impediments to the broader use of citizen science data as a

potential data source of official statistics. Figure 7 shows the
results from 105 respondents who have not dealt with citizen
science data before, so these are perceived impediments.
The top impediments identified were lack of awareness of
citizen science data, the lack of human capacity to use the
data and the lack of methodological guidance. However,
many other impediments were identified by more than
25% of respondents. The irrelevance of citizen science data
was ranked near the bottom, indicating that most do not
hold this view.

The key impediments identified by respondents with
citizen science data experience compared with those
without are somewhat different (Figure 8). Experienced
respondents highlighted the key issues as potential biases
in the data; uncertainty regarding the sustainability of data
source access, which refers to regular data production
and use so that one can construct time series and
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60%
50%
40%
30%
20%
10%
0%
Timelier data More granular data Data on indicators Data on indicators with
measuring the perception significant gaps
of citizens on various
aspects

Figure 6 Ways in which citizen science data could be useful to NSSs identified by survey respondents as a percentage of the total number
of responses (n = 91). NSS: National Statistical Systems.

Awareness

Lack of human capacities

Lack of methodological guidance
Non-application of statistical standards
Lack of technical and financial support
Technological limitations
Non-sustainability of data source access
Statistical legislation

Fear of misuse

Low citizen engagement

Irrelevance of CSD

Normative loophole on confidentiality, impartiality
Fear of biasedness

Other

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%

Figure 7 The perceived impediments to the use of data from citizen science by respondents with no experience as a percentage of the
total number of responses (n = 105).

Fear of biasedness

Sustainability of data source access
Non-application of statistical standards
Lack of human capacities

Lack of methodological guidance
Statistical legislation

Lack of technical and financial support
Technological limitations

Fear of misuse

Awareness

Normative loophole on confidentiality, impartiality
Irrelevance of CSD

Low citizen engagement
Other

0% 10% 20% 30% 40% 50% 60%

Figure 8 The identified impediments to the use of data from citizen science by respondents with experience in this area as a percentage of
the total number of responses (n = 16).
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compare the data over time; and the non-application of
statistical standards set by NSSs, which is in contrast to
the top responses from respondents with no experience
with citizen science data (Figure 8), that is, the need for
greater awareness and methodological guidance, and
the lack of human capacity. However, the latter two are
also mentioned by 37.5% of “experienced” respondents
(Figure 8). Similar to those who had no experience in this
area, they also believe that irrelevance of citizen science
data and low citizen engagement are not as important.
Note that for ease of comparison, Figures 7 and 8 have been
combined into a single Figure S1 in the Supplemental File 3:
Appendix C, which shows the differences in the perceptions
of the two groups of respondents.

Under other possible impediments, it was noted that
metadata are usually not available for the existing data sets

Impartiality and objectivity

Statistical confidentiality

Commitment to quality

Adequacy of resources

Mandate for data collection and access to data
Coordination

Professional independence

Institutional environment

Cost effectiveness

Non-excessive burdens on respondents
Appropriate statistical procedures

Sound methodology

Processes

Accessibility and clarity

Coherence, comparability and integrability
Timeliness and punctuality

Accuracy and reliability

Relevance

Ouputs

0%

mQuputs ®Processes

or are not aligned with statistical standards, and there is a
discrepancy between the concepts and methodology used
by CSOs and the quality guidelines. Similar to those with
no experience, it was noted that the lack of data source
sustainability was a key consideration for NSSs to decide on
the time investment required to work with citizen science
data. Additional qualitative feedback from respondents
with and without experience with citizen science data is
included in the Supplemental File 4: Appendix D.

All respondents were asked to share their expectations
in terms of the types of quality issues that could arise
from citizen science projects by selecting all relevant
areas from the list of the requirements within the three
areas of The UN Quality Assurance Framework for
Official Statistics: institutional environment, outputs,
and processes (UNDESA 2019). Summarized in Figure 9,

20% 30% 40% 50% 60% 70%

m Professional independence

Figure 9 The types of quality issues that survey respondents expect may arise in citizen science projects, grouped into three categories:
institutional environment, processes, and outputs, as a percentage of the total number of responses (n = 91).
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the results show that the accuracy and reliability of the
outputs is ranked as the top issue, followed by whether
appropriate statistical procedures are followed, and by the
coherence, comparability, and integrability of the data.
The lowest-ranked issue is the non-excessive burden on
participants, followed by accessibility and clarity of the
outputs.

In the survey, we asked whether respondents were
aware of any citizen science projects run by their
organization, that is, NSOs or another government
entity member of their NSS. Of the 121 responses to this

A lack of information about how the data are being
produced

Selection bias due to data not being representative

Legal issues with access to data

Incoherent use of lack of use of statistical standard
concepts, definitions and classifications

Limited access to data

Lack of human capacities or relevant skills
Lack of IT capacities

Sustainability of access to the data source

Insufficient informaiton to apply weights

The data may not provide the information required by
users

Non-compliance with UNFPOS (professional
independence and commitment to quality)

The data may not correctly describe the measured
phenomena

Risk for confidentiality and privacy of individuals,
households and businesses

Other

Inability to quantify uncertainty

Interference and bias in the statistical production
process

Incomplete/partial information for some entries

o
X

question, only 17% were aware of such a project run
by their organization. Hence, the question on the top
challenges related to the quality of citizen science data
were answered only by a subset of respondents (Figure
10). These challenges were a lack of information about
the data production process, selection biases (e.g., only
certain types of individuals may respond), and legal issues
related to the access or use of data. The other two issues
common to such projects were limited access to data, and
incoherent or lack of use of statistical standard concepts,
definitions, and classifications.

10% 20% 30% 40% 50% 60% 70%

Figure 10 Challenges encountered with regards to the quality of data generated by the citizen science projects run by the organizations of

the survey respondents (n =12).
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The survey also asked respondents to list enabling
factors for the use of citizen science data for official
monitoring. These included:

* the openness of leadership to innovation through
experimental statistics, a type of statistical output that
is in the testing phase and not yet entirely developed
but has a potential to become official statistics, and
engagement with new stakeholders;

* the presence of an enabling legal framework,
including a specific mandate for NSOs to engage with
stakeholders outside of government;

* the related need for fit-for-purpose institutional
arrangements and the modernization of statistical
legislation, including the review and alignment of all
norms and guidance documents to provide a solid legal
basis for leveraging new data sources;

+ awareness around opportunities offered by citizen
science data to fulfil global reporting requirements
such as the SDGs or close-to-critical data gaps for the
country;

+ ensurance of data confidentiality; and

* partnerships with universities on this topic.

In addition, one respondent felt that it was important
for the NSO to maintain its role as the leader on quality
assurance of statistical information and to embrace this
responsibility for data coming from non-official sources.
Other respondents were also of the opinion that it could
offer added advantages to NSOs by being timelier, more
granular, and easier to obtain or free, and in general, that
sharing data between NSOs and CSOs could be beneficial
to both sides. More qualitative feedback is included in
Supplemental File 4: Appendix D.

Finally, we asked respondents to provide solutions to
the use of citizen science data for official monitoring.
Some common solutions included brokering partnerships
abroad to address their capability constraints, introducing
validation procedures for the data coming from citizens,
conducting technical meetings and stakeholder workshops
with citizens, using citizen science data in combination with
other sources of information, and NSOs actively providing
guidance to other institutions.

RESULTS FROM THE CASE STUDIES

The case study results are reported here as brief summaries
of the main findings and are summarized in Table S1
in Supplemental File 5: Appendix E. Organized into four
different categories, they include case studies that: (i)
showcase quality assurance frameworks or protocols
developed by NSOs to leverage data from nontraditional
sources, including citizen science; (i) fill in a specific SDG

10

indicator or national development plan (NDP) indicators;
(iii) include informal sectors or apply new data collection
methods to produce key statistics; and (iv) generate new
types of measurement of well-being of the society. Further
details can be found in Proden (2021a) and Proden et al.
(2022aq).

Case studies on quality assurance frameworks for
citizen science data

The first case study is from the UK, which publishes citizen
science data on its SDG reporting platform, labelling it as
non-official data after the data set has passed a dedicated
quality assurance protocol. The protocol includes two
stages. The first stage serves as a screening stage and
reviews ethics, privacy, transparency, and accountability
as mandatory requirements. The second stage uses a
scoring approach that aims to ensure that the data set
can be sufficiently useful, meeting, as much as possible,
requirements related to relevance, methods, coverage,
timeliness, and quality assurance. If some requirements
are not fully met (0 or 1 on a 3-point scale), others should
score high (2 or 3) to compensate and to ensure a sufficient
average score of more than 1.5 points for the data set to
be accepted. The non-official data protocol is aligned with
the UK Statistics Authority Code of Practice (2023), and its
voluntary application procedure is applied to non-official
data sources.

In the case study from Colombia, a different approach
is used. By law, Colombia’s NSO already has the possibility
to widen the scope of official data producers beyond the
public sector. It has a conceptual and legal framework
enabling the NSO to work on the production of official
statistics with different stakeholders. At the same time,
the NSO has developed quality assurance guidelines for
experimental statistics building on its quality assurance
framework for official statistics. The framework includes
relevance, accessibility, interpretability, transparency,
coherence, and timeliness as key criteria. It does not,
however, include accuracy and reliability, thereby
distinguishing experimental statistics from the official
statistics produced from traditional data sources. Unlike in
many other countries, in Colombia, experimental statistics
are considered official statistics according to Decree 2404
from 2019. The third and final case study in this area is
from Kenya, where the NSO has been working on quality
assurance guidelines for other data sources. Quality criteria
for citizen-generated data and a validation approach have
been developed by the NSO with support from PARIS21, a
partnership in statistics for development that promotes the
better use and production of statistics across the developing
countries. These criteria are included in the national Quality
Assurance Framework for NSS (KNBS 2022).
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Case studies to fill gaps in indicators (Sustainable
Development Goals and/or national priorities)

Inthe first case study in this category, Colombia used citizen
science data by teaming up with CSOs and with support
from the Office of the United Nations High Commissioner
for Human Rights (OHCHR) and other partners to produce
the SDG Indicator 16.10.1 on the number of verified cases
of killing, kidnapping, enforced disappearance, arbitrary
detention, and torture of journalists, associated media
personnel, trade unionists, and human rights advocates.
It also ran a pilot using social media data to inform SDG
Indicator 16.b.1. on persons having felt discriminated
against or harassed in the previous 12 months on the basis
of a ground of discrimination prohibited under international
human rights law. While the pilot did not involve citizens
directly, there is potential to improve the methodology
involving citizens. In a case study in the UK, the NSO used
citizen science data for SDG Indicator 14.1.1 (b) on plastic
debris density. Ghana’s NSO ran two pilot projects funded
by GIZ using the mobile applications Let’s Talk Ghana and
CleanApp Ghana (both available from the Google Playstore)
as well as crowdsourcing to produce data on gender-based
violence and waste management. The National Institute
of Environment and Public Health in the Netherlands uses
air pollution data from citizen sensors to produce more
geographically disaggregated data on PM2.5 and PM10
pollutants for the country, and makes it available on the
Working Together platform (https:/ict-research.nl/about/,
Proden et al. 2022a). In the final case study in this areq,
the NSO in the Philippines, supported by PARIS21, has
conducted exhaustive research into all the citizen science
data available in the country and identified 81 indicators
from their NDP that could be monitored using such data.

Case studies to apply new data collection methods
or gather data on the informal economy

This category includes case studies from Italy and Kenya.
The NSO in Italy has used citizen science data as part of
new trusted smart surveys that leverage mobile phone data
by drawing on the online data collection work as part of
time use and household budget surveys. Such surveys may
be useful for producing some of the SDG and other social
indicators, such as the time spent on unpaid domestic and
care work. This was done as part of the broader European
Statistical System initiative to set up an EU smart surveys
platform, and Italy was rolling out trusted smart survey
pilots, combining traditional survey sampling techniques
with sensor data from mobile devices. In the second case
study, the Kenyan NSO partnered with a CSO to produce
statistics on the economy of sex workers, which would not
be typically covered by traditional data sources such as
household surveys.
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Case studies to generate new types of measurement
of well-being of the society

Two case studies, one in Colombia and one in Mexico, have
leveraged citizen science data to measure societal well-
being in new ways. Colombia’s NSO provided support to a
pilot led by the University of Warwick in partnership with local
institutions to develop a qualitative risk and vulnerability
monitoring methodology using citizen science data in an
informal settlement context, and applied it in one of their
provinces. Mexico leveraged citizen science data for sentiment
analysis of the daily mood of people based on social media
trends. Students from one of the Mexican technology-
oriented universities contributed to data classification as part
of machine learning algorithm developments.

DISCUSSION

Our research is the first comprehensive analysis on the use
of citizen science data for official and non-official statistics
from an NSS perspective, with the following opportunities
identified: (i) filling data gapsin the SDGindicator framework,
(ii) measuring perceptions on various issues such as the
quality of public services, (iii) collecting data on sensitive
topics such as gender-based violence or corruption, and
(iv) providing more granular and disaggregated data than
is currently available to show trends in specific locations or
among different population groups.

Our results showed similarity to the findings of Fraisl et
al. (2020) regarding the areas to which citizen science data
could contribute. Both studies identified biodiversity-, land
use- and land cover-, and beach litter-related indicators
as having high potential for benefiting from citizen science
data. However, in terms of the SDGs that can benefit from
citizen science data the most, the respondents identified
SDG 5, Gender Equality; SDG 1, No Poverty; and SDG 6,
Clean Water and Sanitation; as opposed to SDG 15, Life
on Land; SDG 11, Sustainable Cities and Communities; SDG
3, Good Health and Wellbeing; and SDG 6, Clean Water
and Sanitation highlighted by Fraisl et al. (2020). This
difference may simply reflect areas where official data
are lacking for SDG and national monitoring, or it may be
related to the definition of citizen science data. Here, we
used the term citizen science to describe the practice of
citizen engagement in scientific research and knowledge
production, whereas several respondents consistently
used the term “citizen-generated data,” which is more
commonly used by CSOs and the official statistics
community (PARIS21, PSA, and PSRTI 2020). Hence,
some respondents may have selected SDGs with social
dimensions in terms of the potential of citizen science for
official statistics.
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We identified data quality as one of the main barriers to
the use of citizen science data by NSSs. However, we found
that, in some cases, this is mostly based on assumptions
rather than on actual experiences. In other cases, there are
easy ways to deal with some of the quality issues. This may
include improving data accessibility and providing detailed
metadata, and—for the data yet to be generated—the
alignment of concepts and improvements in coverage or
sampling to ensure the data are representative. Yet in other
cases, the issues of representativeness or the sustainability
of these data source may be more difficult to address,
but in the case studies, the advantages of using the data
have outweighed possible limitations. Overall, our findings
related to data quality are consistent with other studies
that report on the need for ensuring and communicating
data quality and promoting consistent data collection
across citizen science initiatives (Fritz et al. 2019; Campbell
et al. 2020; Bishop et al. 2020; UNEP 2021a, b; Downs et al.
2021; de Sherbinin et al. 2021; Price-Jones et al. 2022; Fraisl
et al. 2022b).

Our findings also indicated that the potential non-
compliance of citizen science data with the confidentiality
and impartiality principles of the UN Fundamental Principles
of Official Statistics (UNFPOS 2014) is a concern for the
NSSs to leverage these data for official or non-official
statistics. Confidentiality concerns are often related to the
lack of knowledge or capacity to ensure that the data are
anonymized and cannot be traced back to individuals. The
rules on confidentiality are typically defined in the Statistics
Acts of each country, where the data producers outside of
an NSS are not bound by such legal requirements. Issues
on impartiality are mainly concerned with the advocacy
role of some CSOs as this may cast doubt on impartiality
in data production. However, transparency about these
processes, the application of robust statistical procedures,
and improved methodologies, as well as their proper
communication, can help to address such concerns.

Our results from the case studies showed that citizen
science data can be used by the NSSs in three ways: (i) as
input for the production of official statistics; (i) as non-
official statistics; and (iii) as experimental statistics, which
can help close data gaps or answer important questions
about societal well-being. In the first case, standard quality
assurance procedures for official statistics apply, and the
NSSsthatareinvolvedinsuch projects may haveaninfluence
over the data production process or be confident that the
data will meet their quality requirements. The second case
occurs when an NSS attempts to leverage already existing
citizen science data when they were not involved in the
production process. Several countries have developed
quality assurance frameworks or guidelines for the use of
such data, which aim to strengthen the capacities of citizen
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science practitioners and CSOs to produce data in a way
that comply with the minimum data quality requirements
of the NSSs. Such frameworks and protocols can also help
NSSs to assess the quality of existing citizen science data
before they are disseminated on official platforms as non-
official statistics. In the third case, citizen science data are
usually part of an experimental statistics project, which
are typically initiated and implemented by the NSOs and
are not considered as official statistics. However, as an
exceptional case, Colombia regards experimental statistics
as official statistics, and uses the data produced by other
stakeholders as part of the experimental statistics portfolio.
It thus has a specific quality assurance framework for the
use of experimental statistics similar to ones developed by
other countries for non-official statistics.

The quality assurance frameworks used by NSSs
for assessing the quality of a data set, including those
from citizen science, may vary in scope and approach.
For example, while Colombia identified relevance,
accessibility, interpretability, coherence, timeliness, and
transparency as the key criteria (Proden 2021a), PARIS21
recommended accuracy, credibility with “no attachment
of interest pushed by the data producer,” and frequency
in addition to those adopted by Colombia (PARIS21, PSA,
and PSRTI 2020). The UK also added ethics and privacy, as
well as the methods, coverage, and quality assurance to
their framework. Based on our analysis, we recommend
the use of the standard criteria from the United Nations
National Quality Assessment Framework (NQAF) for official
statistics (UNDESA 2019), that is, accessibility, timeliness,
frequency and sustainability, accuracy and reliability,
coverage, relevance, metadata, coherence, comparability
and integrability—along with the additional criteria on
transparency, impartiality, and confidentiality—in order
to assess the quality of a citizen science data set more
comprehensively. However, it is important to keep in mind
that the standard NQAF criteria may not always be fully
met by all citizen science data sets, and thus a scoring
system with a few mandatory screening criteria similar to
the above-mentioned UK approach can be used to measure
the overall quality rather than attributing equal weight
for each criterion. These criteria could be complemented
by “self-identification,” which is a principle of the Human
Rights-Based Approach to Data (HRBAD) and highlights that
the respect and protection of personal identity is central
to human rights, and that the individuals should decide
whether to disclose or withhold the information about their
personal characteristics (UN OHCHR 2018). The approach
we propose here was tested on a number of citizen science
data sets as part of the Crowd4SDG project, and the results
are published in various reports (Proden 2021a, 2021b;
Proden, Zodeougin-Quist, and Imaralieva 2022b).
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Our study also showed that the lack of legal
arrangements can also be an impediment to the use of
citizen science data. However, modern statistical laws can
grant legal authority to the NSOs to regularly access and use
data from stakeholders across and outside of government
agencies, such as from the CSOs and private companies as
in the case, for example, of the Ghana Statistical Service
Act (Republic of Ghana 2019). Nevertheless, our results
also showed that having an up-to-date legal framework
is not necessarily sufficient. Its effective implementation
depends on the leadership and overall organizational
culture of the NSO, including openness to innovation, and
willingness to build new partnerships and interest in the
use of new data sources. Overall, awareness about the
potential of citizen science data and whether it can fill in a
specific data gap is a key enabling factor pushing NSSs to
engage with it.

One of the main limitations of our study is that even
though the questionnaire was sent to all NSOs globally,
our results may not be fully representative of different
geographical regions and actors within the official statistics
community. The response rate of our survey may have
been influenced by lack of capacity to respond or a lack
of interest in exploring new data sources within the NSS.
As a result, responses to the questions on awareness
may show a more positive picture than the true situation
across all NSSs. However, our findings are still useful for
understanding the perceived and actual potential of citizen
science data by NSSs and for NSSs, and to our knowledge,
is the first attempt to explore the perspectives of the NSSs
on this topic.

RECOMMENDATIONS AND NEXT STEPS

Drawing on our research, we provide the following eight
recommendations for how to leverage the potential offered
by citizen science data for SDG monitoring and reporting as
well as for official monitoring more broadly:

1. Citizen science data can be utilized as official or
non-official statistics after a data validation process
to ensure that the data are of good quality for their
intended purpose. It can be used alone or integrated
with other data sources for the production of official
statistics.

2. There are three ways in which NSSs can work with
citizen science data: (i) using already existing citizen
science data, (ii) designing and implementing a new
citizen science project, or by (iii) combining both
approaches. For example, NSOs can use already
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existing and openly available data sets from beach
cleanups for monitoring marine plastic litter or they
can launch a citizen science initiative to address a
specific data gap such as gender-based violence. As
a third approach, they can use an existing data set on
a specific topic such as freshwater quality to create

a baseline, while at the same time initiating a new
citizen science project on freshwater quality with key
stakeholders to ensure that the future data collection
activities meet their data quality requirements,
including the requirements of the global methodology
of the relevant indicator, particularly if the purpose is
SDG monitoring.

3. NSOs interested in using nontraditional data should
work towards modernizing their statistical legislation
and improving their governance factors to facilitate
access to the data held by CSOs and other potential
stakeholders.

4. The mapping of existing citizen science data and
initiatives at a national level can help NSSs to identify
relevant data sets, as well as the data producers with
whom they can build new partnerships.

5. NSOs could organize periodic and thematic stakeholder
workshops based on the needs and the context with a
view to institutionalize a culture of collaboration with
partners from both across and outside the government,
including those producers and holders of nontraditional
data.

6. Established processes, such as quality assurance
frameworks, guidelines and protocols, can enable NSOs
to decide on which data sets could be used as official
or non-official statistics.

7. In addition to the quality assurance frameworks
and guidelines for non-official data producers,

NSOs could offer training and capacity building
activities, particularly for citizen science practitioners
to raise their statistical literacy, including their
understanding of the issues related to compliance
with privacy, confidentiality, and metadata, among
others.

8. NSSs could offer open data reporting platforms for
citizen science practitioners to contribute data in a
transparent way.

Finally, our analysis shows the need for a typology of citizen
science data and projects that can help NSSs identify their
needs and data quality requirements for different citizen
science projects and adopt a more active role in building
citizen science data partnerships. In future research, this
typology will build on the key characteristics presented in
Table S1 (Supplemental File 5: Appendix E).
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