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Abstract: Progress towards the United Nations” Sustainable Development Goals (SDGs) is monitored
using a set of targets and indicators. Gaps in official datasets have led to calls for the inclusion of
data generated through citizen science (CS) and allied approaches. Co-benefits of CS mean these
approaches could also contribute to localising, defining, and achieving the SDGs. However, mapping
of current and potential contributions is needed, as well as an understanding of the challenges these
approaches present. We undertake a semi-systematic review of past and current CS projects and
assess them against dimensions of CS—spatial, temporal, thematic, process, and management—and
their value for the SDGs set out by Fritz et al. in 2019, focusing on low and middle income country
(LMIC) cities as key environments in the battle for sustainability. We conduct interviews with project
leaders to further understand the challenges for CS in these contexts. We find opportunities for
projects to monitor and achieve a wide range of goals, targets, and indicators. However, we find
fewer projects in low income countries when compared with middle income countries. Challenges
include balancing local needs with national monitoring requirements and a lack of long-term funding.
Support is needed for LMICs to achieve the potential of CS.

Keywords: community-based monitoring; co-creation; monitoring; social media; big data; smart
cities; urbanization; VGI

1. Introduction

The 17 Sustainable Development Goals (SDGs), adopted by the United Nations (UN)
Member States in 2015, are a call to action for all countries to work together to end poverty,
improve health and education, reduce inequalities, and protect the environment by 2030 [1].
The SDGs have 169 targets and 231 unique indicators, which provide a framework for
assessing and monitoring progress towards the goals. Gaps in data required to monitor
SDG indicators, particularly in low and middle income countries (LMICs) [2], have led to
calls to incorporate non-traditional forms of data, including those generated through citizen
science (CS), into monitoring frameworks [3-5]. Potential co-benefits of CS for identifying
problems [6], educating participants [7], developing partnerships [8] and bringing about
change through influencing individual behaviour [9], local decision-making [10,11], and
policy formation [12] have led to discussions about how CS could also play a role in
defining, localising and implementing the SDGs [4]. In this paper, we seek to assess the
extent to which this potential for CS to contribute to the SDGs is currently being achieved
as well as challenges that exist in achieving this potential. Our review focuses on urban
environments, as cities are considered to be where the battle for sustainability will be won
or lost [13], and LMICs as these are where some of the biggest data deficits exist [2].
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1.1. CS for Monitoring the SDGs

Reporting on SDG indicators is primarily done at a national level, typically by govern-
ments, using methods agreed on by indicator custodians [14]. SDG indicators are classed
as Tier I: agreed methodology and good data coverage or Tier II: agreed methodology but
lacking data (as of July 2020 there are no Tier IIl indicators i.e., those with no established
methodology) [15]. While there may, therefore, be particular opportunities for CS to sup-
port Tier II indicator monitoring, established and commonly used data collection methods
for Tier I indicators are also problematic, particularly in LMICs [16], and could also be
supplemented by CS data. Traditional household surveys, for example, cover around 30%
of SDG indicators [17] but are expensive, repeated infrequently [3], and often exclude the
most vulnerable and ‘hard to reach’, in particular those living in informal settlements [18],
of which there are an estimated 1 billion people globally [19]. Similarly, coverage of offi-
cial environmental datasets is often poor, with 68% of environmental indicators lacking
data [20]. CS could help to address these gaps as it can generate data on wide geographic
scales, at fine spatial resolutions, and from locations that are otherwise inaccessible [21]; it
can engage marginalised and hard-to-reach groups in monitoring, increasing their repre-
sentation in datasets [22]. Furthermore, it can generate data over long time scales [23] and
at fine temporal resolutions. National statistics are also prone to political manipulation [18],
and CS has been suggested as a way to “check” official data sources [24]. While there are
currently only a small number of examples of CS data being used in SDG monitoring (e.g.,
for marine litter), the feasibility of CS data to be used for tracking international indicators
has already been demonstrated within biodiversity statistics such as the European Com-
mon Bird Index and Grassland butterfly Index [25] and the UK Biodiversity Indicators,
which track progress towards the Aichi Biodiversity Targets [26].

1.2. CS for Localising and Defining the SDGs

While the focus of official SDG reporting is at the national level, there has also been a
drive to ‘localise’ SDGs to cities and regions, “the process of taking into account subnational
contexts in the achievement of the 2030 Agenda” [27]. Reporting at the national level risks
masking the social and environmental inequalities that exist within countries and the
nuance of local conditions [28]. Even complementing official national datasets with citizen-
generated data can risk the exclusion of some groups or regions, often the digitally invisible
who are also usually from poor and vulnerable communities [17,29]. Local monitoring can,
therefore, help achieve the pledge of the UN Member States “to leave no one behind” [30]
and CS projects, which often have a local focus, are well placed to contribute to this. Local
monitoring adds richness and contextual information around SDG indicators [31] and
can “empower communities to tell their own stories with regard to the SDGs” [28]. Well-
designed co-created, or community-based, CS projects provide opportunities for citizens to
bring issues of importance and concern to them to the fore [32], including citizens from
disadvantaged communities in commonly under reported areas [31]. As well as monitoring
existing indicators, therefore, CS can also be used to set agendas [33], potentially including
identifying new national or locally relevant goals, targets, and/or indicators where gaps
exist [4].

1.3. CS for Implementing the SDGs

CS also has co-benefits that can help to achieve sustainable development [34]. CS can
further our understanding of environmental and social problems and, consequently, the
development of solutions through scientific advances [35], technological developments [33],
policy-making [12], and local action and decision-making [11,32]. CS also has ‘societal
value’ [36] for the individuals and communities involved in projects. The need to engage
citizens with the SDGs in order for them to be achieved has been recognised since their
formation; Hajer et al. [37], for example, talk of the potential for citizens to be “agents of
change” for sustainable development. CS has the potential to facilitate this, for example
by educating participants about sustainability [38] and developing their skills [39], itself
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one of the SDG targets (4.7, ‘By 2030, ensure that all learners acquire the knowledge and
skills needed to promote sustainable development ... ’). Engaging citizens in CS can also
lead to behaviour change, for example, in the implementation of societal or technological
innovations to address sustainability challenges [40]. CS can build communities [41] and
give members of these communities the information and skills they need to campaign on
issues of importance to them and challenge or influence decision-making [42]. Partnership
working across countries and sectors is considered critical for achieving the SDGs, with a
dedicated goal, SDG17: Partnerships for the goals. CS provides a way to bring different
stakeholders together, including citizens, to build shared understanding and co-develop
solutions to sustainability challenges that aim to meet everyone’s needs [43].

1.4. Urban Citizen Science in Low- and Middle-Income Countries

The need for CS to contribute to monitoring, localising, defining, and implementing
the SDGs is particularly acute in urban environments in LMICs. More than half the
world’s population live in urban areas, and this is projected to increase to two thirds by
2050 [44]. Unlike the Millennium Development Goals, the SDGs have a goal focussed on
tackling sustainability in urban environments, SDG11, which aims “to make cities and
human settlements inclusive, safe, resilient and sustainable”. This is in recognition that
pressures placed on man-made and natural systems from rapidly growing populations
undermine purported benefits of urbanization [45] but also that cities have the potential
to be where critical successes for sustainability can be achieved [18,46]. The complex
challenges confronting city development require the inclusion of a wide cross-section of
residents in identifying problems and co-designing solutions to shape more sustainable
future urban spaces and their governance. Without considering the needs of a wide range
of voices, city planners risk identifying sub-optimal solutions that benefit a minority. CS
can provide a means of facilitating inclusion and representative decision-making, and cities
have been a focal point of innovation around the use of citizen-generated data to address
sustainability challenges.

1.5. Aims of the Study

While there are clearly opportunities for the use of CS approaches to contribute to the
SDGs in LMIC cities, this potential is as yet largely unrealised [29]. As outlined by Fraisl
et al. [47], there is a lack of systematic evidence regarding where CS currently and could
potentially contribute to the SDGs. In their roadmap for CS and the SDGs, Fritz et al. [3]
call for mapping of CS projects against the SDG framework and building an inventory
of good practice. Existing studies have mapped alignment of CS projects to indicators to
explore contributions of CS to SDG monitoring [47] or have also considered contributions
of CS to implementing the SDGs but at the levels of the goals [48]. More work is needed,
therefore, to map the full range of contributions CS could make to the SDGs.

There is also a need to better understand the challenges that might be faced in using
CS approaches in the context of the SDGs. While there has been some discussion of this, it
has largely focussed on issues around data quality, standards, and interoperability [3,31].
While this is important, as these are seen as major barriers to the use of CS data in the
policy sphere [25], a better understanding of additional challenges and how these could
be overcome is also needed if the potential of CS is to be realised. Challenges unique to
LMIC cities also need to be explored. While the “smart cities” concept, for example, aims to
capitalise on the prevalence of smart phones, low cost sensors, social media, and other big
data to monitor the city environment and inform urban management [18], challenges exist
to these approaches, including data privacy and participant safety; data ownership and
accessibility and thus who controls, interprets, and ultimately benefits from data [18,49].
Furthermore, the focus on the use of technologies risks the digital exclusion of vulnerable
groups [50], which is likely to be particularly acute in LMICs. Other challenges to the use
of CS in LMICs are poorly understood but may include lack of organisational capacity and
awareness of CS, literacy of participants, and language barriers [51]. Specific cultural issues
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may also exist [5], as well as poor infrastructures in place to support civic engagement, and
a lack of history of democratic practices [52].

In this paper, we use CS projects in LMIC cities identified from a semi-systematic
review of the academic and grey literature, as well as interviews with CS project leaders
in LMICs, to (1) map the current and potential scope for CS to contribute to monitoring,
localising, defining and implementing the SDGs in LMIC cities; (2) identify challenges
for the use of CS approaches in these contexts; (3) suggest ways forward to realise the
potential of CS to support the SDGs. To do this, we first assess projects identified in
our semi-systematic review of the literature against the features of CS that Fritz et al. [3]
identified as being of value to the SDGs, covering spatial, temporal, thematic, process, and
management dimensions of CS data. We expand this framework (as detailed in Table 1) to
include values of these features of CS for defining, localising, and implementing the SDGs,
as well as monitoring the SDGs as focused on by Fritz et al. [3]. We use this framework to
quantitatively assess the extent to which these values are realised by the portfolio of CS
projects we identified in our semi-systematic review, allowing us to identify those values of
CS for the SDGs which are being or have the potential to be realised, and those for which
challenges remain. We follow this up with qualitative analysis of resources identified in our
semi-systematic review and interviews with project leaders to further explore the potential
as well as challenges of fulfilling the potential of CS for the SDGs in LMIC cities.

Table 1. Framework for assessing values of citizen science (CS) methodologies for monitoring, localising, defining, and

implementing the Sustainable Development Goals (SDGs). Dimensions of CS and features of these dimensions and their

value for the SDGs are taken from Fritz et al. [3]. Values in relation to monitoring, localising, defining, and implementing

the SDGs were defined by the authors. ‘Information derived from resources” describes information we extracted from

resources identified in the semi-systematic review to assess these values and ‘Categories’ shows how this information was

categorised, where appropriate.

Value for Monitoring (M),

Dimension of CS Feature of CS Dimension .. - Information Derived Categories (If
[3] and Value for SDGs [3] Localising (L), Defining (D) from Resources Applicable)
and Implementing (I) SDGs PP
M: spatial information required
Spatial reference: location for monitoring indicators
. ’ - L: data captured about local Were data collected with .
can contribute to spatially diti ial inf c Yes; No
explicit indicators conditions spatial information?
D: can help to define new local
indicators
M: adds richness to traditional
datasets
Spatial resolution: Denser L: captures local information in
Spatial p than d e | detail Scale of oct Neighbourhood; City;
coverage than traditiona D: can help to define new local cale ot projec Country; Global !
surveys indicators
I: achieving SDGs often happens
locally

M: increases geographic extent Country or countries

Spatial extent: Wide
geographic coverage and
remote locations

of information captured

L/D/I: can help to localize,
define and implement SDGs in

more and remote locations

projects took place in

Country name

Economic classification of
country

Low; Lower middle;
Upper middle
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Table 1. Cont.

Dimension of CS Feature of CS Dimension
[3] and Value for SDGs [3]

Value for Monitoring (M),
Localising (L), Defining (D)
and Implementing (I) SDGs

Information Derived
from Resources

Categories (If
Applicable)

Temporal duration:
regular or continuous data
collection well suited to

M/L: regular and long term data
collection valuable for
monitoring indicators at national
or local level
I: longer term projects more

Whether project was fully
launched

Trial/testing of methods;
Full project

Temporal SDGs likely to achieve results in For full projects, duration for which project was live
implementing SDGs Number of weeks, months or years
Temporal resolution: more M: as noted, frequent cycles of Regular cycles (weekly,
frequent update cycles : ) Frequency of data
. . data collection can help fill gaps . monthly, annually);
could fill gaps in SDG in official collection .
indicators in official datasets Continuous
Sustainable Development
M: opportunities for monitoring Goa.l(s),' Target.s an.d Goal, Target and Indicator
across a range of SDGs; Ind1cl€;1torsdpro.]tict is number(s)
Thematic subject: multiple particular opportunities for aligned wi
domains relevant to a using novel data sources in Tier Whether project would
range of SDG indicators II indicators help monitor or make Monitor: Impl nt
(especially Tier II) I: opportunities for projects to progress on the indicators onitor; Impleme
help achieve a wide range of identified
SDG:
Theme s Tier of Indicators aligned LTI
with projects !
h . lati D/L: projects not currently Ccl).U nt of T;?r}igets project s
Thematic resolution and . aligned with but not any
S aligned SDG framework could .
definition: richer, more N of the associated
. ) be used to define new targets .
detailed vocabularies o . Indicators n/a
. and indicators, particularly .
could fill data gaps o Type of CS project/stage
. . those that capture citizen L
(especially Tier II) L of scientific process
concerns and priorities . . .
citizens involved in
Z?‘f;:;ltdégj:g Was SDG monitoring a
& bi d M: different methods will be specific consideration for Yes; No
owners.tlp an 4 required for processing citizen the project
commuruty needs science data in projects with
Purpose of the data: different drivers or purposes
implicit use of CS data for ~ D/L: community driven projects
SDG indicators may be more suited to localizing ) .
D 11 . d and defmmg new indicators Citizen involvement in Pro]eCt d.QSlgI’l, Data
Process ata collection an I: implementation mechanisms  stages of project process > collection; Data

processing: can be aligned
with indicator needs or
contribute to new
indicators

may differ between projects
types

processing; Using results;
Other

Cognitive attention: active
and passive data sources
available for indicators

I: secondary outcomes (e.g.,
education, behaviour change)
more likely from projects where
participants are actively engaged
and engaged in multiple stages
of the research process

Duration of citizen
involvement

Sporadic; Short term;
Long term 3

Citizen involvement in
data collection

Data mined; Secondary
use; Mobile sensor; Active

Citizens given training

Yes; No

FAIR principles: data are
findable, accessible,
interoperable and reusable

Data management

M: Data adhering to FAIR
principles are more able to be
incorporated into SDG
monitoring

Evidence of adherence to
FAIR principles

n/a

1 Neighbourhood = specific area of a city; City = more than one area of city; Country = more than one city in a Country; Global = more than
once country. 2NGO = Non-governmental organisation; CSO = Civil society organisation. 3 Short term = less than a year; Long term =

more than a year.
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2. Materials and Methods
2.1. Semi-Systematic Review

Our semi-systematic review followed the principles of the PRISMA approach, which
recommends steps for the collection and reporting of resources for systematic reviews [53,54].
We followed the recommended steps for the identification, screening and inclusion of
resources, but only included resources were documented at each stage.

2.1.1. Identification

To identify resources, we searched the academic and grey (i.e., non-peer reviewed)
literature as we aimed to include the full breadth of CS projects, some of which are likely
to be described in outputs such as project reports rather than the academic literature. Web
of Knowledge was used to search the academic literature from 2010 to 2018 (up to June
2018). While this period is largely prior to the adoption of the SDGs, our aim was not to
identify only projects that aimed to contribute to this agenda, but instead to understand
the state of play in citizen science in LMIC cities and identify from these opportunities and
challenges for contributing to the SDGs.

To identify projects using CS and related approaches in urban environments, the search
terms detailed in Table 2 were used. We deliberately used a broad range of search terms to
capture the full spectrum of citizen science and allied approaches, recognizing that there
are geographic and thematic variations in the terms used to describe citizen participation
in data collection [29]. This resulted in an initial list of 1751 references. Searches of the
grey literature were performed using Google. All google accounts were signed out of
prior to searches being undertaken to avoid these affecting search algorithms. Each of
the CS-related terms listed in Table 2 was searched for separately along with the word
“urban”, which also captured resources including the word “city”. The first 200 results
(sorted by most relevant first) for each search were then examined (some searches yielded
fewer results than this).

Table 2. Semi-systematic review search terms and inclusion criteria.

Search Terms
Citizen Science and Related Methods Location

Inclusion Criteria

citizen science, community science, community Published 2010-2018

monitoring, volunteer monitoring, participatory
monitoring, public participation in scientific,
community based participatory research,
crowdsourcing, crowd sourcing, crowdsensing, crowd
sensing, volunteered geographic information,
crowdmonitoring, crowd monitoring, participatory
sensing, participatory urban sensing, participatory

Full resource written in English

Described project(s):
Urban Trialed or launched
Cities Using and/or collecting citizen-generated data

In urban environments
In low and/or middle income countries

data collection, co-design, co-created

2.1.2. Screening and Inclusion

For both the academic and grey literature, search results were screened and references
were only included in the final analysis if the full text could be accessed and was written
in English. We only included resources that discussed a specific project that had been
launched or trailed in urban areas in LMICs. Data collection is a common factor in citizen
science projects [55] and so we focused on projects where citizens were engaged in active
(e.g., water sampling) or passive (e.g., using a mobile phone sensor) data collection, online
data generation or processing and projects that used citizen generated data in a secondary
analysis. We excluded projects where people were the subject of the research and not
otherwise involved in the scientific process, such as household or online interviews or
surveys [56]. We also excluded projects where data collection was not the primary aim,
such as citizen design or participatory action research. We did, however, retain projects
which involved the mining of citizen generated data, such as social media posts. While
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Academic

literature review

*Using Web of
Knowledge

«Citizen science
AND urban search
terms

*No time limits for
publications

Grey literature
review

*Google searches

«Citizen science
AND urban search
terms

*Google accounts
signed out of

citizens are not actively involved in these projects, we felt it was useful to retain them
to demonstrate the breadth of applications of citizen-generated data in the context of the
SDGs.

This resulted in a final list of 143 resources from which information was extracted
and analysed. Some resources detailed multiple projects and some projects were referred
to in multiple resources and so, in total, we identified 139 projects. The PRISMA process
flowchart can be seen below in Figure 1.

Initial results

*1751 references

*Any type of
resource

eText in English

*Described citizen
science projects in
urban
environments in
LMICs

*Up to first 200
results for each
unique
combination of
search terms
screened

Interviewee
selection

eInvolved in running
citizen science
projects in LMICs

eLargely urban but
two non-urban
projects

Final list of
resources

from Web of
Knowledge
searches; 60 from
Google searches)
*139 projects

Semi structured
interviews

project, actors
involved, funding
model, motivations
and impacts.
*Asked about

*143 resources (83 A

*Asked to describe b

*Quantitative
assessment against
values of citizen
science for SDGs
(Table 1)

*Qualitative analysis
of successes,
challenges and

. lessons learnt

challenges and
recommendations

Figure 1. Overview of methods, including academic and grey (non-academic) literature reviews and project leader

interviews.

2.2. Assessment of Projects against the Values of CS for the SDGs

It was at the project level that data were analysed. We used the dimensions of
CS for monitoring, localising, defining and implementing the SDGs (Table 1) as a basis
for extracting information about projects. Table 1 (‘Information derived from resources’
column) shows the information we extracted from our resources to assess projects against
each feature within these dimensions. For each feature, we categorised projects according
to the categories shown in Table 1 (‘Categories” column).

In the spatial dimension, we first assessed whether projects captured spatial informa-
tion as this is important for monitoring, localising, and defining the SDGs. CS is said to
be of value as it generates data at fine spatial resolutions so to examine this we looked
at the scale of projects (neighbourhood, city, country, or global), as small-scale projects in
particular are likely to generate dense coverage of data. This information also allowed
us to examine the scale at which projects could contribute data (e.g., to local or national
monitoring). We assessed geographic coverage (spatial extent is said to be a benefit of CS)
by looking at the countries in which projects took place (projects were assigned to more
than one country, if applicable) and also the spread across countries with different economic
classifications (classifications were based on World Bank 2019 economies [57]; these are
reviewed and updated annually). For the temporal dimension, which has implications for
the value of CS to monitor and implement the SDGs, we looked at duration by examining
whether projects had been trialed or were fully operationalised and, for the latter, the
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duration of the project (in weeks, months, or years). We also examined temporal resolution
by looking at the frequency of data collection within projects.

In the thematic dimension, we first assessed the thematic breadth of projects by
assessing which, if any, of the 17 SDGs projects fell within the scope of (projects could
fall within multiple SDGs). We then assessed whether projects fell under the scope of any
of the goals’ constituent targets. When considering whether a project was in the scope
of targets, we considered the project in its current form as well as potential but as yet
unrealised applications described in the resources. For example, a resource describing
the potential for data, from a project to be used by decision makers to inform urban
management, was assigned to target 11.3 “By 2030, enhance inclusive and sustainable
urbanization and capacity for participatory, integrated and sustainable human settlement
planning and management in all countries”, even if this was not implemented in the life
time of the project. We then examined whether projects fell under the scope of any of
the SDG indicators. Here, we assessed whether projects had the potential to contribute
towards monitoring indicators; for example, if projects measured particulate matter they
were considered to be under the scope of indicator 11.6.2, “Annual mean levels of fine
particulate matter (e.g., PM2.5 and PM10) in cities (population weighted)’ regardless of the
specific methods used. For these projects, we counted the number of Tier I and II indicators
where we identified opportunities (we used the July 2020 version of the SDG indicators
and classifications, including provisional categorisations, where applicable [15]). We also
examined whether projects had the potential to help make progress on indicators. For
example, in the context of indicator 1.4.1, ‘Proportion of population living in households
with access to basic services’, we included projects which sought to improve access to basic
services without seeking to directly monitor it. For goals, targets, and indicators, projects
were assigned to as many as were relevant. Finally, we examined thematic resolution by
assessing whether projects contributed to SDG targets but not any of their constituent
indicators, and goals but not any of their constituent targets. This gave an indication
of gaps in the existing SDG framework and the potential for CS to identify new targets
and indicators.

In the process dimension, the driver, data collection, and data processing features
relate to whether projects are bottom-up, community-driven and hence likely to be aligned
to community interests and draw on local priorities; or top-down, science-driven projects
which are likely to have stricter data collection methods and hence be more easily replicated
or joined together for monitoring purposes. To assess this, we categorised projects accord-
ing to the stages of the scientific process citizens were involved with (project design, data
collection, data processing, using results, other). We considered those including citizens in
research design more likely to be bottom-up projects. Some secondary outcomes of CS, such
as changes to participants” behaviour, are more likely to come where citizens have active
and in-depth engagement. Under the cognitive attention feature, therefore, we looked at
the duration of citizen involvement, the type of data generation (data mined; secondary use
of data; mobile sensor data; active data collection by participants) and whether they had
training in data collection methods to assess the depth of engagement. Finally, for the data
management dimension, we looked for evidence that data management adhered to FAIR
(findable, accessible, interoperable, reusable) principles. Adherence to these principles is
likely to facilitate the use of data in SDG monitoring.

For each feature, we summed the number of projects in each of the categories described
above. Not all information was available for each feature of each project and, for some
features, projects could be assigned to multiple categories. As such, results for each feature
do not always sum to the total number of projects (139).

2.3. Opportunities and Challenges for CS in LMIC Cities

Three key elements of project delivery—data collection, citizen engagement, and
project impacts—were explored for CS projects in LMICs to add insights and identify
possible solutions to the opportunities and challenges identified in the analysis described
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in Section 2.2. This was done, firstly, by extracting relevant information from the resources
in the systematic review and, secondly, through a series of semi-structured interviews
with CS project leaders. Interviewees were identified through (1) a representative of
FreshWater Watch (FWW) UK, which coordinates water quality projects globally, who
provided contacts related to ongoing or past projects; (2) projects identified in the systematic
review; (3) projects undertaken by the organization the authors work for, the Stockholm
Environment Institute, a global sustainability think tank. This resulted in nine interviews;
seven were focused on urban projects, with two non-urban included to extend insights
into doing CS in LMICs. Due to the limited number of interviews, the results are not
generalisable, but provide insights into the running of CS projects and their outcomes, as a
complement to the literature review.

Interviews were conducted during March-May 2019 via online teleconferencing facili-
ties and lasted around 60 min. Two of the respondents preferred to answer questions in
written form. Interviewees were asked to describe their project and its focus, the actors
involved, the funding model, motivations, impacts, and challenges, as well as recommen-
dations (see Supplementary Materials for details of questions asked). The responses were
analysed according to these themes, highlighting recurring issues, and notable insights.
The notes were sent back to the interviewee for comments and corrections and those who
requested were also able to comment on the draft manuscript prior to submission.

3. Results

Results from the semi-systematic review and interviews are presented below. Where
specific projects are referred to we give the project number (e.g., P1), which can be found in
the full list of projects in the Table S1 in the Supplementary Materials. Project numbers do
not always add up to 139 due to a lack of information about the features of some projects.

3.1. Assessment of Projects against the Values of CS for the SDGs
3.1.1. Geographic Dimension

The 139 projects we identified in the semi-systematic review all gathered or analysed
citizen-generated data with an associated spatial reference. Of these, 29 took place at a
district or neighbourhood scale, 57 were at a city scale, 30 at a national scale, and 23 were
global. Projects took place across 34 countries (Figure 2). China had the most projects (42),
followed by Brazil with 19, India with 16, and Mexico with 10. There were 18 countries with
only 1 project. Most projects took place in upper middle-income countries (96 projects),
followed by lower middle-income countries (39 projects), and low-income countries (11
projects). We identified projects in 17 (28%) of the 60 upper middle-income countries
globally, 12 (26%) of the 47 lower middle-income countries and 5 (16%) of the 31 low-
income countries.

3.1.2. Temporal Dimension

Of the projects we identified, 69 were trials or testing of methodologies and 70 were
fully operational projects. Of those that had been operationalised, data on project duration
was available for 26 projects and ranged from 10 days to over 8 years, with an average of
36.4 months. In seven cases, data collection was done in regular weekly, monthly, or annual
cycles; for the remainder, data collection was continuous or information was not available.
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Figure 2. Low, lower middle and upper middle income countries with urban citizen science projects identified in the

semi-systematic review. Depth of filled colour represents the number of different projects identified in each country. Colour

of outline shows if countries are classed as low (red), lower middle (orange), or upper middle (yellow) income countries.

3.1.3. Thematic Dimension

We found alignment of projects with all 17 goals (Figure 3) and with 59 (35%) of their
constituent targets (Figure 4a). We found more limited alignment with indicators compared
with targets, suggesting that projects covered a wider range of issues than those included
in the framework of the SDGs. We found opportunities for contributions to monitoring 8
Tier I and 12 Tier II indicators (Figure 4b). We found more scope for projects to contribute
to making progress towards indicators, with 46 indicators identified where projects are or
could potentially make contributions (Figure 4c).

All projects fell within the scope of SDG 11 and, within this goal, several projects
fell within the scope of target 11.1 (adequate housing and basic services), many of which
also fell within target 1.4 (equal access to resources and services). These included projects
focused on community mapping of informal settlements and projects which provided
platforms for residents to report problems, some of which allowed residents to report
anything they perceived to be a problem, whereas others were specific to topics such as
access to water and sanitation (under SDG 6), safety (under SDGs 5 and 16), and health
services (under SDG 3). For both types of project, we saw opportunities for projects to
contribute to monitoring indicators such as 1.4.1 (proportion of population with access to
basic services) and 6.1.1 (proportion of population using safely managed drinking water).
As well as community mapping projects, we also found many projects which aimed to
use citizen generated-data to provide fine scale and up-to-date maps of urban areas. Both
types of mapping project had the potential to monitor several indicators related to land
use: 6.6.1 (change in extent of water-related ecosystems), 11.3.1 (ratio of land consumption
to population growth rate), 11.7.1 (average share of cities that is open space), and 15.1.1
(forest area as proportion of total land area).
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hunger; SDG 8: Decent work and economic growth; SDG 7: Affordable and clean energy; SDG 14: Life below water.

Transport was also a major theme in the projects we identified. Most of these projects
used mobile sensors or mined data (e.g., from travel cards) to predict efficient routes for
drivers, related target 12.2 (sustainable management and efficient use of natural resources);
improve public transport systems, related to target 11.2 (access to safe, affordable, and sus-
tainable transport systems for all); or map the quality of roads, related to target 9.1 (quality,
reliable, sustainable, and resilient infrastructure). While we found some scope for projects
to help make progress on indicator 11.2.1 (proportion of population with convenient access
to public transport), we found limited scope for these projects to contribute to indicator
monitoring. Another common topic was air pollution, falling under the scope of targets 11.6
(reduce environmental impact of cities) and 3.9 (reduce deaths and illnesses from pollution).
In many cases, these projects collected data on particulate matter (PM) pollution using low
cost sensors and so fell within the scope of monitoring indicator 11.6.2 (annual means of
fine particulate matter). Many of these projects ultimately aimed to reduce exposure to air
pollution and so could help make progress on indicator 3.9.1 (mortality rate attributed to
air pollution).
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Other types of pollution were also a common focus of projects, including light and
noise pollution, as well as waste management. Several projects related to water pollution,
again falling under the scope of target 3.9 but also several of the targets in SDG 6, including
6.1 (safe and affordable drinking water for all) and 6.3 (improve water quality by reducing
pollution), as well as 12.4 (environmentally sound management of chemicals and wastes).
Again, we found scope for these projects to help make progress on several indicators (e.g.,
6.1.1) as well as potential for contributing to monitoring indicator 6.3.2 (proportion of water
bodies with good ambient water quality).

Several projects fell under the scope of target 11.4 (strengthen efforts to protect cultural
and natural heritage). These primarily related to biodiversity conservation and so also
aligned with SDG 15, as well as one examining coastal ecosystems which fell under the
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scope of SDG 14. Projects fell under the scope of targets 15.5 (reduce degradation of natural
habitats, halt the loss of biodiversity) and 15.9 (integrate biodiversity values into national
and local planning) as well as other specific targets related to poaching (15.7) and invasive
species (15.8). We found limited opportunities for monitoring indicators under SDG 15,
except for 15.1.1, as outlined above.

A suite of projects focused on reducing the impact of disasters, either through im-
proved disaster planning or response. Depending on their specific focus, these projects
fell within the scope of targets 11.5 (reduce numbers of deaths and people affected by
disasters), 11.b (plans and policies towards resilience to disasters), 1.5 (resilience of the
poor and vulnerable to disasters), and 13.1 (strengthen resilience and adaptive capacity
to disasters). Some of these could help make progress on indicators 1.5.1, 11.5.1, and
13.1.2 (deaths, missing persons, and persons affected by disaster), 1.5.3, 11.b.2, and 13.1.1
(countries with national and local disaster risk reduction strategies) and 1.5.2 and 11.5.2
(economic loss, damage to critical infrastructure and disruptions to basic services attributed
to disasters).

The analysis also identified alignment with goals, targets, and indicators that might
be considered co-benefits of CS projects. The target with the most number of projects in
its scope was 11.3 (participatory, integrated, and sustainable human settlement planning
and management). This reflects the large number of projects which included an ambition
or the scope to use citizen collected data to inform participatory and sustainable urban
planning. Similarly, projects falling in the scope of target 10.2 (empower and promote the
social, economic, and political inclusion of all), 16.6 (effective, accountable, and transparent
institutions), and 16.7 (responsive, inclusive, participatory, and representative decision-
making) include those that aim to facilitate public engagement and representation in
decision-making and to hold decision-makers to account. Some of these projects could also
help to make progress on indicators 16.6.2 (proportion of population satisfied with last
experience of public services) and 16.7.2 (proportion of population who believe decision-
making is inclusive and responsive). Other opportunities for co-benefits were identified
within SDG 4, including projects which fell under the scope of target 4.4 (number of youth
and adults with skills for employment), 4.7 (knowledge and skills to promote sustainable
development), and 12.8 (information and awareness for sustainable development). Projects
could also help make progress on indicators 4.7.1 and 12.8.1 (extent to which global
citizenship education and education for sustainable development are mainstreamed).
Finally, all projects fell under the scope of SDG 17 which aims to ‘Strengthen the means of
implementation and revitalize the global partnership for sustainable development’. Projects
contribute to this goal through partnership development, data collection for monitoring,
and/or because action achieved as part of projects could contribute to achieving the SDGs.

3.1.4. Process Dimension

No projects reported that they were specifically setting out to collect data to contribute
to SDG monitoring, although a small number (4) mentioned the SDGs as motivators. In 77
cases, citizens were involved in the active collection of data, in 30 cases data collection was
via sensors, in 12 projects citizens were involved in the online processing of data, 33 projects
involved mining citizen generated data (such as social media data), and 14 projects involved
the secondary use of citizen generated data, for example, from OpenStreetMaps. Single
projects often used multiple sources of data collected in different ways. Where participants
were engaged in active data generation (including via the use of sensors and online
processing of data), they had long term involvement in 9 projects, short term involvement
in 16 projects, and in the remainder, involvement was sporadic or the information was
not available. In 10 of the 139 projects we examined, citizens were also included in
the research or project design; 11 in data processing (including verification, analysis,
and interpretation of data); 20 projects included citizens in the use of results (including
dissemination, advocacy, the development of solutions to problems, and practical action); 6
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in other activities, such as training other volunteers. In 29 projects, training of participants
was discussed.

3.1.5. Data Management Dimension

We found limited discussion of FAIR principles in the resources we examined. Re-
sources included some description of the data collected and/or methods used to process
data for 106 projects. However, the detail provided varied greatly, from a brief overview of
methods to full metadata. A total of 52 projects used online platforms whereby participants
(and others) could view data that had been uploaded, either creating new platforms specif-
ically for the project or making use of existing platforms such as Ushahidi, Google Map
Maker, or Open Street Maps. However, in most cases, raw data could not be downloaded
from these platforms. While in a small number of cases (13 projects) data were made
available freely online or it was stated that data were publicly available, how this was
implemented was variable; in some cases full metadata were available, whereas in others,
only the locations of points, and none of the associated attributes, were available. In some
cases, data were only shared with particular stakeholders, and in others, it was made
explicit that data would not be shared more widely in order to protect those who had
submitted it, for example, in the case of raising safety concerns (e.g., P40).

3.2. Opportunities and Challenges for CS in LMIC Cities
3.2.1. Data Generation

Several benefits of collecting or using citizen generated-data were identified by projects
in the semi-systematic review. These included fine spatial resolution of data (P64), including
for land use maps (P45), which could be used to complement or update official datasets
(P1); fine temporal resolution, real time, or up-to-date information, which was considered
particularly important for projects in rapidly changing urban environments (P6) or those
responding to disasters or emergencies (P13). Cost savings (P33), the ability to gather data
from hard to reach groups (P83), understanding citizens’ perspectives (P44) and emotions
(P57), and bringing other voices to the fore (P5) were also discussed as advantages of using
citizen-generated data.

In some cases, citizen-generated data were described as being of better quality than
official datasets (P6). However, data quality was highlighted as a challenge in others
(P15) and in some cases (P42) data were not collected in a way that could then be used by
researchers. In the interviews, a project leader remarked that, even though data were suc-
cessfully collected, the quality or validity was questionable for scientific purposes. Despite
training, the volunteers could not avoid experimental errors, so the data collection method-
ology was changed and staff began to supervise sampling (Interview 2, 2019). Another
project leader noted that citizen scientists with lower education levels may not understand
why data must be collected in a certain way (Interview 8, 2019), and another said volunteers
may need more detailed explanation or closer monitoring to avoid contamination of water
samples (Interview 3, 2019).

One interviewee highlighted the tension between maintaining data quality standards,
including through training and external oversight, and ensuring communities are given
ownership of projects. In this case, they have structured their processes to be reiterative
and circular so that those involved can learn these best practices by participating in them
(Interview 9, 2019). Another method for addressing data challenges identified in Interview
6 was to co-create the methodology and field guide with participants. Illiteracy issues
were overcome using pictures and checkmarks, which were easy for everyone to use, and
women and their children were able do data collection together. It was recognised, however,
that this requires significant investment of time. Several methods to improve data quality
were also identified in projects in the systematic review. Crowdsourcing type projects, for
example, encouraged the use of photos and videos for data verification (P13), required
logins to discourage false data being submitted (P123), and had up/down voting functions
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(P123). Other projects provided training, had regular visits from project teams to support
citizens doing data collection (P90), or provided online training videos (P42).

Other challenges related to spatial and temporal variation in the quality and volume
of data collected (P39), as well as between participants from different demographic groups
(P3), raising concerns about the representativeness of data. Many projects found benefits
in combining multiple datasets to overcome deficiencies in individual datasets (P60); for
example, active data collection could help overcome digital invisibility of some groups in
social media data.

Data collection in LMICs was also complicated by unreliable internet connection and
a lack of equipment or laboratories for processing samples (P90). While mobile and smart
phones were recognised as being increasingly widespread, they are still not universally
available, and even those who do own them may not have data plans (P59). Several projects
sought to take smart city principles and adapt them for the context, for example, allowing
people to submit data via SMS (P96) or a voice message (P40).

3.2.2. Engaging Participants

A strong theme emerged from the semi-systematic review and interviews around
challenges and lessons learnt for engaging participants in projects in LMICs. To overcome
this, crowdsourcing type projects used strategies, such as recruiting using a variety of
methods to reach diverse audiences and allowing data submission via a range of platforms
to suit different groups (P55). For community-based projects identified in the systematic
review, several resources highlighted that adequate investment in time and personnel
is required to engage local communities with projects. This included taking the time
to understand the local culture and to build trust (P102), together with being sensitive
to the community’s experiences (P100). It was considered important to understand the
motivations of potential participants, which included knowing results were being used at
a local level (P123), helping others (P13) and intrinsic motivations (P40).

In interviews, project leaders recognised the importance of co-designing methods and
materials with participants to ensure they are appropriate for their circumstances, includ-
ing aligning scientific aims or broader goals with community priorities. For example, an
interviewee noted that CS requires an investment of resources to getting people interested,
especially when working with poor people. Co-creation of methodologies that people can
undertake as a part of their daily activities helps avoid overburdening participants. Addi-
tionally, if participants are not compensated financially for participating, it is important to
ensure that it somehow benefits them (Interview 6, 2019).

Being honest with participants and setting expectations was also considered important.
One interviewee highlighted that it was important to be cognizant of what is being offered
to participants and making this clear at the start of the project, especially in low-income
or slum areas. Participants might expect that when researchers focus on a specific issue
in an area, their combined efforts will result in a large change, e.g., a polluting industry
will be moved away. However, sometimes the researched issue is not even taken up by the
local government for follow up. Researchers need to be clear with participants about the
expected impacts, as well as accept that people may not want to participate in a project
that they feel will not result in a concrete change for them (Interview 8, 2019).

Many projects which were initiated by researchers from outside the local area em-
phasised the value of building a team including local stakeholders. This included local
universities as well as non-governmental and civil society organisations and community
leaders. For example, it was seen as important to find the right local partner to “unlock
community involvement”, so that project leaders are not seen as an external actor going in
and telling them what to do (Interview 1, 2019).

Exclusion of some groups was also highlighted as an issue. In some cases, projects were
not able to reach the intended target groups, potentially with unintended consequences.
Transparent Chennai (P131), for example, was developed as a digital platform to record
problems and give residents, especially the poor, a voice in city planning. However, they
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state that “Transparent Chennai is still limited as a tool of empowerment. It is obviously
a shared tool between IT experts and NGOs oriented to a segment of the web-connected
middle class more than the ordinary or poor citizen. Its potential for inclusion, sharing
expertise and monitoring can, under certain conditions, become a strategy of control. It
can, for instance, serve to reinforce the local Residents Welfare Associations in their actions
to control the quality and value of their area by excluding the poor”.

Interviewees also commented on the challenges of involving specific groups. For
example, a project leader noted that their organisation tries to work with the very bottom
quintile, many of whom cannot read or write. While digitization is supposed to increase
access and inclusion and has brought youth, who do have such skills, into their work, some
participants initially feel that they cannot be part of such a process due to their “lack of
skills” (Interview 9, 2019). Another interviewee highlighted the challenge of involving
women due to their many responsibilities and high workload, including domestic work,
caring for the children, and feeding the family. Their strategy was to co-create methods
which could be performed alongside that workload (Interview 6, 2019).

The challenge of retaining participants within a project was also raised. In more
contributory or crowdsourcing style projects, issues were raised such as striking the bal-
ance between simplicity to encourage participation and getting the required data (P3). In
community-based projects, regular feedback, and engagement with participants was re-
garded as important for maintaining engagement (P1). In particular, showing participants
that the data they have collected are being used in decision-making or action (P1) was
considered important. Several project leaders identified a decline in participant interest,
despite initial enthusiasm. For example, one project leader attributed it to the fact that
volunteers had to build their own sample collectors, activities were performed outside of
work hours and required travel to sampling locations and sample ecosystems were often
located in degraded or otherwise unpleasant areas (Interview 5, 2019).

3.2.3. Project Impacts

Projects in the systematic review described impacts on participants, including in-
creased knowledge and skills (P1); behaviour change (P92); increased awareness of their
local urban environment (P78); increased understanding of processes and rights; empow-
erment to develop solutions (P138), take action (P76), advocate for their rights (P132) or
hold service providers to account (P96). Participants were also “given a voice” by building
engagement between citizens and decision makers (P94), including marginalised groups
such as the disabled (P127) or those living in informal settlements (P129). In some cases,
data were used immediately, for example, to assist in disaster response (P53).

Challenges were, however, raised in achieving action through projects. For example,
one interviewee described obstacles in getting authorities to validate data and respond to
problems it identified in a timely way (Interview 3, 2019). Identifying the correct channels
of engagement for action and getting buy in from these partners at the beginning of the
project was considered crucial. Another interviewee, for example, recognised that they
did not involve the correct organisations in their project; local authorities were external to
the project and thus it was challenging to impact local policies (Interview 7, 2019). There
were also projects with strong engagement with authorities that resulted in action but short
cycles of funding or single funders pulling out made having a continuous programme of
work, and hence achieving impacts, challenging (P89).

4. Discussion

This study has highlighted the potential for CS to contribute to monitoring, localizing,
defining and achieving the SDGs in urban environments in LMICs. Here we discuss some
of the key opportunities and challenges we have uncovered and make some recommen-
dations for future directions. When interpreting the results of the review, limitations of
the systematic review methodology should be noted. Some projects may not have been
found using our search methodologies, for example because they were not covered by our
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search terms or because reports were not written in English or made publicly available.
This may be particularly true for local projects where the data and results are considered to
be locally owned and relevant and there is no need to disseminate findings more broadly.
Furthermore, interpretations should be made in the context of urban projects in LMICs.
Gaps in geographic contexts or SDG targets and indicators do not necessarily mean these
gaps exist across CS as a whole. For example, during our searches, we found projects
related to election monitoring (e.g., [58]) which would fall under the scope of SDG 16 and
reporting on maternal health services in Nigeria via SMS [59], which would fall under
the scope of SDGs 3 and 5 but were not included in our study because they were not
specifically related to urban areas. Finally, our searches of the grey and academic literature
were conducted in June 2018, so we will have missed more recent projects which may, for
example, aim to be more aligned with SDG monitoring.

4.1. Opportunities and Challenges for Citizen Science and the SDGs
4.1.1. Geographic Dimension

CS projects are collecting data with spatial references, demonstrating their potential
to contribute to monitoring, localizing, and defining SDGs (Table 2). The large number
of district- and city-scale projects we identified demonstrates opportunities for CS to
contribute to in-depth local monitoring, as well as defining SDGs through identifying local
issues, and implementing SDGs through local action. Projects taking place nationally or
globally demonstrate the ability for CS data to be collected using common methods across
wide geographic scales, including across multiple countries, and so the potential for CS to
contribute to international monitoring where common methodologies are needed. Projects
across all scales recognised the value of using CS for generating data at spatial scales and
resolutions that would not otherwise be possible, confirming the potential for CS to fill
data gaps in the SDGs [3].

However, the global spread of projects was uneven. The small number of projects
we found in low income countries demonstrates the current limited potential for CS to
make contributions in these countries. China alone, an upper middle income country, had
nearly four times as any projects as all low income countries combined. The vast majority
of these used mobile sensors to collect data or mined citizen-generated data from social
media or other sources, reflecting the observation that big data have become a hotspot
of Chinese urban research [60]. Expanding middle classes in emerging economies are
also likely to have good access to technologies [29,61], perhaps reflecting the relatively
large numbers of projects we also found in Mexico, Brazil, and India. This raises concerns,
however, over the representativeness of data collected in these countries, as they are less
likely to be inclusive of the poor and marginalised [50] and several projects in the review
highlighted issues around spatial and demographic variation in data availability. Similar to
critiques of smart cities [18], the reliance on this type of CS may mean that projects are not
supporting the implementation of e.g., SDG 16.7.2 ‘Proportion of population who believe
decision-making is inclusive and responsive by sex, age, disability, and population group’.
Several projects, including some in low income countries, demonstrated the ability to
crowdsource information (e.g., on water and health services, safety, and waste collections)
from citizens using relatively “low tech” and so more accessible methods, such as text or
voice messages. However, representativeness of data was highlighted as an issue even
in community-based projects in both the systematic review and interviews, for example,
due to challenges with engaging particular groups. Thus, while CS may, in some cases, be
more inclusive and representative than official datasets, it is not without its challenges in
this regard, and CS leaders (as well as city authorities interested in using these data) need
to work hard to utilize methods that enable the poorest or excluded to participate more
equitably to address urban data gaps and inform city planning.
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4.1.2. Temporal Dimension

The majority of projects we identified collected data on a continual basis, again
confirming the potential for CS to add detail to official monitoring programmes, which
often take place only every few years [3], and to generate up-to-date data, which is critical in
fast-changing environments typical of LMIC cities [62]. However, over half of the projects
we identified were only at the trial or testing stage and others were only run in the short
term. This was sometimes intentional to collect a ‘snap shot’ of data or because they were
in response to a specific event such as a disaster. In other cases, however, projects failed
to maintain data collection in the long term due to challenges with funding, which has
been identified as a critical success factor in previous surveys of CS projects [63]. This is a
major barrier for the use of CS in both monitoring and implementing the SDGs. Several
of the projects and interviews emphasised the resources and time needed to properly
engage with stakeholders and participants, particularly marginalised groups, in order to
develop a successful project, further highlighting the need to adequately fund projects.
Lack of funding can also limit the ability to scale up local projects, as noted in relation
to an urban mapping project in Sao Paulo, Brazil (P130) which stated, “The question is
how to scale up and maintain these efforts at the city level. The scarcity of such cases
might be well connected to limited resources, NGO experiences and institutional gaps in
making it possible to have a continuous program over some years”. Further work is needed
to understand how CS can be adequately funded in LMICs, including current funders,
barriers to long term funding, and how these can be overcome.

4.1.3. Thematic Dimension

We found projects within the scope of all 17 SDGs, demonstrating the thematic breadth
of CS approaches suggested by Fritz et al. [3]. We found clear alignment with urban
environments (SDG11) and their challenges, such as various forms of pollution and waste
management (SDGs 3, 6, 11, and 12), safety (SDGs 3, 5, 11, and 16), and access to services
(SDGs 1, 3, 5, 6, 11, and 16). These findings are broadly in line with those of Fraisl
et al. [47], who looked for CS projects that are currently or could potentially contribute
data to indicator monitoring and found particular opportunities for indicators related
to environmental health and quality of life under SDGs 6, 11, and 15. This also echoes
findings from our interviews and systematic review which showed that, where there is
active citizen engagement, people are motivated to take part in projects of direct relevance
to their lives and local environments, as well as the observation by Pocock et al. [29] that
people in LMICs are more likely to take part in projects that relate to their livelihoods.
Like Fraisl et al. [47], however, we also found gaps in some themes related quality of
life, such as an almost complete absence of projects under SDG 2. This may be due to
ethical issues related to asking people to collect data around sensitive topics such as hunger,
particularly people living in poverty, as highlighted in our interviews. Another gap was
SDG 7, which has been identified elsewhere as an area where there has been relatively
little use of CS approaches [64]. Further work is required to assess whether it is useful or
desirable for CS approaches to contribute in these areas, what the barriers are, and how
they can be overcome.

Further work is needed to explore exactly where CS can have the most “added value”;
this could be on issues that are somewhat subjective, such as feeling safe (16.1.4) or having
convenient access to transport (11.2.1), which are difficult to measure using traditional
methods. It may, however, be desirable for limited resources to be invested in consolidating
progress where strong potential for the use of CS approaches has been identified such as
land use mapping, water access and quality (see also [52]), and biodiversity and marine
litter monitoring [47].

Our study also highlights that there is currently more potential for CS to contribute
to implementing rather than monitoring SDGs, for example, by facilitating inclusive
and sustainable urban planning, educating participants about sustainable lifestyles, or
improving access to services. However, there is still work to do to achieve this potential
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as in many cases such outcomes were discussed but not realised within the lifetime of
projects. Careful project design could facilitate this and avoid opportunities being missed.
Education of participants, for example, needs to be purposefully designed into projects [65],
as does early engagement of key stakeholders who could use the data being collected in
decision-making.

4.1.4. Process and Data Management Dimensions

While we found a small number of resources that mentioned the SDGs as a motivation
for running projects, we found no evidence of projects aiming to generate data that could
contribute to SDG monitoring. This is unsurprising given the timeframe of our searches
was largely prior to the adoption of the SDGs. Our analysis did, however, highlight
challenges for integrating data from current projects into SDG monitoring, which varied
between different types of project. Those that mine citizen-generated data, such as social
media, need to address challenges related to unstructured data as well as biases in where
data are generated and by whom. Contributory style projects present, perhaps, the clearest
opportunity for generating SDG monitoring data as project leaders can clearly define the
monitoring methodology. However, the projects we analysed demonstrated that issues
remain around the quality of citizen-generated data, even when clear protocols exist. We
also found limited evidence of the consideration of FAIR data management principles. This
presents challenges for CS data to be used in SDG monitoring as difficulties will arise from
processing and combining datasets that have not used a common methodology, where
metadata are not available, and in using data that are not publicly available [3,31]. Going
forwards, the development of agreed data collection and metadata standards and protocols
for indicators which projects could follow will enable projects to contribute data [14].

Local, community-based projects may present the greatest challenges to contributing
data to indicator monitoring. As highlighted in the interviews, when working with the
poor in particular, effort should be made to align methods with citizens’ existing inter-
ests and activities so it does not place an extra burden on their time, including through
co-production. Thus citizen engagement in the development of monitoring methods and
materials potentially leads to tensions between needs of citizens and data requirements
for monitoring purposes. These projects may be more suited, therefore, to enabling imple-
mentation of SDGs or to generating data that adds richness and local context to official
monitoring datasets. Alternatively, data collection could be designed to meet both needs if
they engage people in developing methods to collect data that are of interest and relevance
to their lives to which methods that could contribute to official monitoring are added.

Projects which involve citizens in active data collection and those that involve partici-
pants in multiple stages of a project, including setting research questions and designing
methods and materials, are also more likely to achieve some of the co-benefits of CS, such
as inclusive decision-making and raising awareness of issues related to sustainability [66].
While just over half of the projects we identified involved citizens in active data collection,
only 10 projects involved participants in developing the design of the research, perhaps in-
dicating a missed opportunity to achieve additional outcomes from projects. As discussed
above, designing some of these features into projects could mean that additional benefits
are achieved.

4.2. Future Directions

To realise the potential of CS to contribute to the SDGs, investment is required to
support CS in LMICs, especially in the lowest income countries. High income countries,
in particular, those in Europe as well as North America and Australia, have decades of
experience in running CS projects. New projects in these countries, therefore, benefit from
the wealth of knowledge that has accrued in these contexts, as well as the support of
CS associations (e.g., the European and Australian Citizen Science Associations), which
operate to agree standards and advocate for the use of CS in policy making [25]. There
is also awareness of and buy-in to CS at the government level; the US EPA, for example,
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has a protocol for the use of CS and crowdsourced data within its work [67]. By contrast,
the limited use of CS approaches in LMICs historically means that there is a lack of
government support for and awareness of these approaches [51]. Some of the learning
from high income countries could, therefore, be taken to support the development of and
advocacy for CS methods in LMICs, including through newly formed associations such as
CitizenScience.Asia, the Citizen Science Global Partnership, and via global projects such as
eBird [66].

Furthermore, in their roadmap for CS and the SDGs, Fritz et al. [3] list several actions
that need to be taken to foster the use of CS data in monitoring. At the global level, these
include engaging with indicator custodian agencies to promote the use of CS and working
with these agencies to agree on protocols for data collection. At a national level, these
include fostering a culture of trust in CS data in national agencies, building on existing
policy frameworks that advocate for the use of CS and promoting dialogue on data quality
and data management, with the ultimate aim of national statistics offices using CS data in
their official reporting. At a local level, these include raising awareness of best practice in
terms of data quality and management and for the options available to align projects with
SDG monitoring. Again, due to the experience and structures already in place, many high
income countries will be much better placed to take these steps. It is important that global
discussions include representatives of LMICs, so their priorities are included in discussions,
and data collection methods can be developed with constraints specific to these countries in
mind, such as working with the poor and those with limited access to technology. Support
should also be given to LMICs to develop the national discussions and frameworks needed
to make use of CS data as well as supporting project leaders, including small organisations
such as CSOs, in adhering to required standards. It should be recognised that alignment of
projects with SDG monitoring is not a necessity; as shown in this paper, the potential for
CS to contribute to achieving the SDGs is huge, and in some cases, this will take priority
over producing data for monitoring purposes.

Finally, we encourage deeper reflection and discussion of challenges in the CS com-
munity which was found to be absent from many of the resources found in our literature
review. There is a need for CS to be critical and for project leaders to assess and report on
successes and failures in terms of data quality, engagement, participant, and stakeholder
outcomes, etc. Where these issues were discussed, they were often noted as observations
rather than as a result of a more systematic evaluation or study. Rigorous assessment and
reflection needs to be built into CS processes so that it involves participants and other
stakeholders and allows for open learning to take place within CS projects and in the
community as a whole [67].

5. Conclusions

In this paper, we have shown that opportunities exist for CS to contribute to mon-
itoring, localizing, defining, and achieving the SDGs. We have identified, for example,
the capacity for projects to produce data on a wide range of topics and at fine spatial and
temporal resolutions, which can be of great value in adding richness to existing datasets.
We have also shown the potential that exists for CS to contribute towards the implementa-
tion of the SDGs through a wide variety of pathways. However, many challenges need
to be further understood and addressed for CS to reach its full potential in LMICs. A full
understanding of the social and structural barriers to the successful implementation of CS,
particularly in the lowest income countries and when working with the most marginalised
in society, is required. Effort is also needed to engage LMICs in discussions about the
inclusion of CS data in SDG monitoring and to support the successful implementation of
CS initiatives. Without understanding and overcoming barriers and providing this support,
there is a risk that those who could most benefit from being engaged with these approaches
will in fact be excluded.
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