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Informal areas in the Global South are still relatively under-researched. This is partly due to the difficulties
associated with accessing these areas, especially when it comes to more complex research topics such as un-
derstanding the daily lives of residents and other phenomena that are difficult to measure from the outside or
purely through data. In planning, access to informal areas is relevant not only for research, but also for civic
participation. The latter has become mainstream in recent years, leading to a growing body of literature on
participatory planning. Participation typically involves some form of data collection and, since much data is
spatial, mapping, most of which is now done digitally. However, little is known about the interface between
digital mapping (in the sense of geodata acquisition involved in wider participatory mapping activities) and
participation in informal contexts. This review explores that interface. The collected corpus of articles was
assembled according to a rigorous protocol and analyzed using a thematic analysis approach. The results show
that digital mapping has so far resulted in relatively little additional direct participation by affected residents.
However, the results show a number of side effects that have a positive impact on the involvement of informal
area residents in the political planning process. We also note that the relevant studies often focus on a few select
countries per continent, which may have an impact on the transferability of the results published in the liter-

ature. We hope that this scoping review will be useful to both planning researchers and practitioners.

1. Introduction

The proportion of people living in informal conditions has risen in
recent decades and in the wake of a generally increasing degree of ur-
banization around the world. The rapid development of cities is often
accompanied by a lack of affordable housing and resulting inadequate
living conditions. This situation can encourage the emergence of infor-
mality (Sandoval & Sarmiento, 2020), with now more than one billion
people living in informal settlements (United Nations Statistics Division,
2022, p. 48), a number that is expected to increase to more than three
billion people by 2050 (United Nations Habitat, 2022, p. 79). Informal
settlements continually suffer from a lack of public and political visi-
bility (Kamalipour & Dovey, 2019), which means that their residents are
not always able to claim their rights as citizens. Part of this invisibility is
a lack of data on these areas, making it difficult to conduct appropriate
research on living conditions therein. This makes it easy for govern-
ments to deny recognition to the communities in question, thus avoiding
the addressing of unpopular issues. The outlined context leads to the
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geographical, economic, social, and political isolation of informal set-
tlements and prevents the adequate participation of their inhabitants in
urban opportunities and decision-making processes (United Nations
Human Settlements Programme, 2015).

Some recent strategies to better engage marginalized groups of
people from informal settlements rely on technological means to put
new participation formats into practice. In doing so, solutions are sought
to overcome some of the limitations of traditional participation models
(e.g., Gordon et al., 2011; Hanzl, 2007). In this context, digital mapping
of informality has recently been discussed as a tool both to collect data
for scientific purposes (for a recent review, see Abascal et al., 2022) but
also to empower neglected populations and better integrate excluded
areas into the urban context. In this sense, Luque-Ayala and Neves Maia
(2019) point to the use of digital mapping as, at its core, political
technique. By exploring the link between digital visibility and urban
inclusion, Neves Maia (2018) concludes that the former does not auto-
matically imply the latter. Nevertheless, improved digital visibility,
when paired with other strategies for managing other types of (in)
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visibility, has the potential to promote political change. While they
appear promising, we still need a better understanding of the efficacy of
digital tools and strategies in the field of spatial planning. This includes a
better understanding of how we can use such tools and strategies in
meaningful ways to address some of the challenging issues facing cities,
and informal settlements in particular.

Our research presented subsequently synthesizes and discusses dig-
ital mapping processes in informal settlements including connections to
participation, planning, and decision-making. The research question we
explore is: How does the digital mapping of informal settlements affect
public participation in planning for both the mapped areas and their
residents? The goal of our study is to explore what we know about the
potential impacts and benefits of digital mapping for informal settle-
ments in planning practice and research. Furthermore, we aim to
examine how digital maps can be used to empower marginalized com-
munities. In addition, we aim to summarize and understand the current
state of digital mapping approaches for informal settlements. Therefore,
we analyze both different approaches to digital mapping, as well as the
characteristics of the mapping tools and data used. To achieve these
objectives, we have conducted a systematic literature review consisting
of the following steps: problem definition, formulation of a search
strategy, identification of literature selection criteria, and formulation of
an analysis strategy. Through this approach, we provide a comprehen-
sive analysis of the topic integrating findings from a broad range of
topical fields.

The remainder of this paper begins with a brief discussion of the
main terms and concepts employed throughout this work in Section 2.
Based on this, Section 3 provides a brief literature review introducing
related overviews and review papers in the proximate thematic context
of our research question outlined above. After presenting the literature
review strategy in Section 4, we describe and discuss the obtained results
in Section 5 and close with a set of conclusions in Section 6. Please note
that the following review focuses on a specific subset of the extensive
research on participatory mapping conducted in recent decades. For
more general overviews and review articles on participatory mapping
beyond digital approaches and informal contexts, we refer the interested
reader to relevant recent articles (e.g., Denwood et al., 2022; Hasanza-
deh, 2022; Alvarez Larrain & McCall, 2019).

2. Terms and concepts

In this article, we use three key terms that are either contested or
ambiguous. These terms therefore require a brief introduction so that
the reader knows not only what they mean but, equally important, how
we use them in our work. These terms are digital mapping, public partic-
ipation, and informal settlement, and they are briefly discussed in the
following subsections.

2.1. Digital mapping

In this study, we use the concept of digital mapping as elaborated by
Clarke (1995), who describes digital mapping as a method by which a
group of geographical data is organized and structured into a virtual
image. In addition to this technical perspective, we consider the societal
dimension of mapping and its role in communication, which have been
discussed by MacEachren and Kraak (1997) and MacEachren and Fraser
Taylor (1994). These authors argue that digital maps can be divided into
two categories. The first describes mapping as a tool used for analysis, to
solve problems, and support decision-making processes. In our study,
this category includes also locative techniques of social-empirical
research, such as geolocated surveys or interviews, as there is an
increasing conflation of mapping, locative technologies, and traditional
social-empirical data collection (Bluemke et al., 2017). The second
category of mapping refers to maps as a tool for communication, an
aspect the core fundamentals of which are still subject to research
(Mocnik, 2023). Since all the aspects elaborated above play a big role in
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the context of spatial planning, we refer here to digital mapping not only
in a purely technical sense, but in the sense of this holistic
understanding.

Digital mapping in the given context of informality is also subject to
limitations. One of those is a lack of generally applicable best practices
for mapping informality itself and other aspects under the condition of
informality (Thomson et al., 2020). In addition, Rzeszewski and Kotus
(2019) note that the use of technology in this area is hindered by a
potential lack of technological knowledge in target communities, among
other barriers (see Section 3). Thus, the application of digital mapping in
the informality domain can lead to biases in data collection, organiza-
tion, analysis, and results derivation. This raises questions about the
expected outcomes of such practices, including whether they produce
greater social engagement, reinforce inequalities in recognition of rights
in informal settlements, or have no effect at all.

2.2. Public participation

Our research borrows the concept of public participation from the
classic and widely used ‘ladder of participation’ proposed by Arnstein
(1969). According to this concept, participation can be divided into
eight levels. The first two stages, manipulation and therapy, refer to
non-participation and will therefore be neglected in the remainder of
this article. The next three stages, information, consultation, and paci-
fication, are referred to as minimal empowerment because they allow
participants to express their views but do not guarantee that these will
be taken into account, and decision-making power remains with a select
few. The following category, referred to as levels of citizen power, begins
with partnership, which allows citizens to negotiate on an equal footing
with those in power. This is followed by delegation of power and citizen
control, where citizens who were not previously in power now have
majority or complete control over decision making. Furthermore, Fung
(2006) argues that the distinction between different forms of direct
participation can be made based on three dimensions: (1) the people
who participate, (2) the methods used to share information and make
decisions, and (3) the link between discussions and public policy. Thus,
it can be said that improving public participation in planning practice
can involve promoting community awareness, improving collaboration
among informal settlement residents, policy makers, and other stake-
holders, and equipping individuals with the means and authority to
participate in discussions and decision making. Thus, we are interested
in analyzing the link between digital mapping and the empowerment of
informal communities along two dimensions. On the one hand, we
consider participation as a process comprising elements such as com-
munity understanding of concepts, variables, and possible outcomes of
actions and decisions, as well as social impacts. On the other hand, we
examine the tools and their technical aspects, such as accessibility,
interface, replicability, and the actors involved in their development.

2.3. Informal settlements

We use the definition of informal settlements proposed by Kamali-
pour and Dovey (2019), who establish these settlements as urban areas
that have grown in absence of official control of urban design, planning,
and construction. Access to basic services is limited and residents often
have to cope with inadequate facilities such as poorly maintained public
toilets, inadequate waste disposal, unprotected sewage systems, and
irregular street lighting (Wallerstein & Duran, 2006). Furthermore, ac-
cording to this definition, informal settlements usually comprise resi-
dential areas that lack basic infrastructure such as electricity, water, and
sanitation services (Kombe, 2005). This definition is sufficiently unam-
biguous from a planning perspective allowing us to pinpoint lacking
planning efforts in affected areas, but broad enough to encompass
different types of informal settlements such as African shantytowns,
South American favelas, and others. The latter is important because our
study takes a global perspective.
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3. State of the art

Digital mapping in the context of participation is still more wide-
spread in the Global North, both in practice and in academia (Brown,
2017; Brown & Fagerholm, 2015). However, there is also a shift towards
the use of digital approaches in the context of informal settlements and
more generally in the Global South (Nicolosi et al., 2020; Tulloch,
2007), although the digital technology required is often funded by
external actors from developed countries (Brown, 2017) and the actual
conduct of such mapping is subject to logistical challenges like the
availability of internet infrastructure or even of electricity (Weyer et al.,
2019). One reason for the switch to digital mapping is probably the
needs of stakeholders. Kuffer et al. (2021) conducted an international,
large-scale survey among private, governmental, non-profit, and aca-
demic stakeholders regarding their needs in mapping informal areas.
The results show that more than 50% of respondents have a need for
(and complain about the lack of) timely data. Furthermore, the majority
of stakeholders have a need for data at the neighborhood level, but only
5-30% of them (depending on the type of stakeholder) use participatory
mapping, which seems to be well suited for collecting such information.
Thus, there is still much potential for the integration of digital tech-
nologies and participatory mapping in informal contexts.

A recurring theme in the literature is the technologies used for digital
mapping. Mapping informal areas can generally be categorized into
three types of underlying technologies (Aditya et al., 2020; Thomson
et al., 2020): satellite imagery, participatory mapping and crowd-
sourcing, and geo-referenced household surveys. Research has shown
that a combination of sketch mapping (i.e. externalizing an internal
geographic model of the world; see Wang & Schwering, 2015) with
satellite imagery as a base map (e.g., using an appropriately sized tablet
computer) is both comparatively simple and efficient when it comes to
making residents feel empowered and involved (Aditya, 2010; Akbar
et al.,, 2021; DeGraff & Ramlal, 2015; Eilola et al., 2019). Participants in
corresponding workshop-based mapping activities have reported that
they find satellite images easier to interpret and therefore often prefer
them to vector-based maps (DeGraff & Ramlal, 2015), although the
geometric accuracy of derived geometries (at least when digitizing
physical features) can be inconsistent across multiple human in-
terpreters (Brown, Weber, & de Bie, 2015; Leonita et al., 2018). In
addition, sketching provides a flexible component that allows partici-
pants to express their opinions in a structured way. However, one
problem with this approach is the limited diversity of the audience, as
the face-to-face approach only appeals to certain segments of the target
communities. For the context of the Global North, Jankowski et al.
(2019) have shown that web-based mapping counterparts can effec-
tively address this problem, although it remains questionable whether
such an approach is feasible under informal conditions due to the po-
tential lack of sufficient infrastructure in many such locations. However,
initial results on internet-based mapping, including in the Global South,
show that participants find it effective, efficient, and easy to learn
(Aditya et al., 2020). But it was also shown that broad participation of
inhabitants of informal areas is still a challenge. Rzeszewski and Kotus
(2019) have conducted a study using web-based participatory mapping
in post-socialist contexts, but assert that their findings are to some extent
transferable to the Global South. They have concluded that the de-
mographics of such approaches tend to be skewed towards younger and
more educated participants (Brabham, 2009; Czepkiewicz et al., 2016)
and that while many participants are familiar with browsing maps, they
lack familiarity with creating spatial objects such as points, lines, and
polygons (Brown & Pullar, 2012; Pocewicz et al., 2012). The latter will
probably also be the case in informal areas of the Global South. In
contrast to non-digital participatory mapping, the additional use of
smartphones, cameras, and other digital devices enables the enrichment
of maps with geo-referenced videos, photos, and other media types, even
though these devices are still emerging technologies in informal contexts
(Brown & Kytta, 2018). However, such technologies offer the
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opportunity to convey stories, legends, and other important information
from informal contexts, as maps alone are limited in their ability to
unlock vernacular knowledge (Corbett & Keller, 2005). “[R]esults show
that empowerment and empowerment capacity are more closely related
to the multimedia components [...], rather than the geo-
graphic/mapping element of the technologies” (Corbett & Keller, 2005,
p. 38). It therefore seems to be a mixture of technologies that is ad-
vantageous in the digital mapping of informal areas.

A number of positive impacts of digital mapping of informal areas
have been reported at both individual and community level. A number
of studies have shown that participants gained both leadership and
technological skills through digital mapping (Corbett & Keller, 2005).
Nevertheless, some faced envy from others and some even lost status
because they were considered ‘too ambitious’ (Corbett & Keller, 2005).
However, as computers are associated with certain lifestyles and having
the appropriate skills improves career opportunities, a large number of
participants in digital mapping campaigns also tended to benefit
personally (Corbett & Keller, 2005). Digital mapping also legitimizes the
knowledge of residents of informal areas (Weyer et al., 2019) and puts
informality at the center of analysis, leading to increased attention
(Banks et al., 2020). It also enables communities to learn about them-
selves, their places, and their history (Brown, Raymond, & Corcoran,
2015). In terms of gender, a study by Akbar et al. (2021) has shown that
female participants show great interest in digital mapping, but do not
always feel confident to participate. Similarly, Corbett and Keller (2005)
show that female participants were empowered by digital mapping ac-
tivities (e.g., in terms of technological skills), but that some of them
faced tensions at home because their husbands accused them of side-
lining their domestic chores. These dualisms show the importance of
considering cultural contexts such as established patriarchal value sys-
tems when designing digital participatory mapping campaigns. Unfor-
tunately, in the vast majority of cases, there is no effective adaptation of
participation and mapping software to specific context conditions,
leaving our knowledge of how to better adapt software to them limited
(Brown & Kytta, 2018; Kuffer et al., 2016; Olson et al., 2016). Corre-
spondingly, researchers have recently called for a comprehensive, uni-
fied framework for mapping informal areas to better capture the
complexity and dynamics of deprivation in low- and middle-income
countries (Abascal et al., 2022). Akbar et al. (2021) also show that the
maps resulting from digital participatory mapping helped residents to
structure their opinions, which they might otherwise have struggled to
express. It may also be that digital mapping provides more detailed maps
than analog counterparts (Thom et al., 2016). In addition, the use of
digital technology (which is not typically common in informal settle-
ments) can create a sense of pride that can contribute to a long-term
interest in participation (Corbett & Keller, 2005; Vergara-Perucich &
Arias-Loyola, 2021). The latter can be supported by an improved un-
derstanding of the participants’ right to be heard by policy makers, as
noted by Vergara-Perucich and Arias-Loyola (2021). The same authors
also show that digital mapping has led informal area residents to
develop a stronger notion of the importance they attach to the different
parts of the informal areas they inhabit. From a procedural point of
view, digital mapping reduces the effort required to post-process data
(Olson et al., 2016) and facilitates the involvement of multiple stake-
holders in participatory processes, which may increase the legitimacy of
data for policy making (Elwood, 2006).

Digital participatory mapping of informal areas can also have
negative ramifications and consequences for both the communities
concerned and the planning processes at stake. For example, it is
possible that such mapping activities reveal locations of sensitive places
and inadvertently expose them to external stakeholders (Rambaldi et al.,
2006) — a problem that can be exacerbated by digital mapping due to the
easier shareability of digital artifacts (Taylor & Broeders, 2015). Power
imbalances are also often still at play, at different levels and stages of the
mapping process. During mapping, these may be caused by socially
privileged individuals exercising their authority in the community, due
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to imbalances in the distribution of technological skills in a community,
or because the act of mapping may lead to disputes over boundaries or
provoke land-grabbing conflicts (Akbar et al., 2021). Some residents
may also be in opposition because they do not want outsiders to interfere
but want to improve their informal areas themselves (Bautes et al.,
2013). At higher political levels, including the approval stages of digital
mapping activities, there may be powerful opponents who try to block
the implementation of a project, for example, if they are involved in land
grabbing or other illegal activities that might be compromised by the
mapping (Ndemo, 2020). Digital mapping in informal areas also con-
fronts facilitators with the need to train residents, as they may not be
familiar with the relevant technologies, and to familiarize them with a
representation of the world that follows a digital logic that may differ
from their own (Falco & Kleinhans, 2018). The latter means that facil-
itators need to develop a critical view of their own cultural assumptions
in order to pay attention to possible epistemological differences (Scassa
et al.,, 2015). Epistemological differences can also lead to epistemic
injustice in digital mapping. For example, if local vernacular knowledge
from informal settings is implicitly or explicitly disregarded or invali-
dated, participants may not feel taken seriously (Fricker, 2007; Weyer
et al., 2019). As many ethics committees may also not be familiar with
the specific requirements of digital mapping in informal contexts, it is
paramount to communicate carefully with the target communities and
in particular to avoid technical jargon, as the target group of participants
may not be familiar with it (Weyer et al., 2019).

Advantages and disadvantages of digital participatory mapping and
its potential impact on participation have thus been identified. Both
should be considered with caution, as after decades of research on
participatory mapping, the number of conclusive evaluations based on
solid, tangible evidence of its social impact is still relatively limited
(Brown & Kytta, 2018). Regarding the impact of digital mapping on
empowerment, many participants in the respective activities have re-
ported that they felt, at least subjectively, that they had an influence on
policy-making (Akbar et al., 2021). Whether this is actually the case is
another question. For example, the legal basis for participatory mapping
in Indonesia is unclear, so it is not certain to what extent the resulting
data is (or even can be) taken into account in formal spatial planning
(Akbar et al., 2021). Mixed experiences were reported in a Chilean case
study. There are cases where authorities have considered participatory
mapped information from informal areas at different policy levels
(Casgrain & Janoschka, 2013; Del Romero, 2018; Serrano, 2009).
However, Vergara-Perucich and Arias-Loyola (2021) also report that
this is not generally the case and that Chilean government officials often
view bottom-up initiatives with suspicion. Such conservative attitudes
can be an important demotivating factor for potential participants.
Brown and Kytta (2018) also report that, like many government offi-
cials, potential participants themselves view digital mapping activities
with skepticism, especially when they are initiated and carried out by
outsiders. This is partly due to the negative impacts described above, but
also to the fact that digital information is much harder to control as it
can be widely disseminated and analyzed in more complex ways (Taylor
& Broeders, 2015). Some communities in the Global South may also
have been subjected to dictatorial conditions over a long period of time.
These people are naturally reluctant when external digital mapping
actors appear in vehicles with modern equipment, as they may deem
them elitist and authoritative (Weyer et al., 2019). Such concerns are
also fueled by private actors such as large technology companies that
promote participatory mapping activities. Luque-Ayala and Neves Maia
(2019) discuss a case of Google providing favela mapping in Brazil and
conclude that the company is interfering in a way that is both state-like
(for which the company has no mandate) and (out of commercial in-
terest) prioritizes the economic dimensions of the favelas. The latter
involves suppressing the actual concerns of residents, including their
mapping, possibly leading to a technological form of neocolonialism and
a perpetuation of pre-existing inequalities in the affected areas (Leszc-
zynski, 2016; Rambaldi et al., 2006; Ramirez-Gomez et al., 2013;
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Wynne-Jones et al., 2015). These and other structural issues related to
digital mapping of informal areas are closely linked to managing ex-
pectations and building trust (Brown & Kytta, 2018) (although there are
also counterexamples where residents proactively approach academics
regarding facilitating digital participatory mapping, see Vergara-Per-
ucich & Arias-Loyola, 2021), and they pose significant challenges to the
realization of actual resident participation. Participation therefore often
remains rather shallow even with digital mapping (Brown & Kytta,
2018). The following systematic scoping review aims to add to the works
outlined by synthesizing the available evidence on the intersection of
participation, digital mapping, and informality.

4. Methodology

In the present research, a systematic literature review (SLR) was
conducted as the main method. Systematic literature review is a widely
accepted and standardized method to identify, critically appraise, and
synthesize relevant research studies on a given topic or research ques-
tion (Kitchenham, 2004). With this approach, a comprehensive and
exhaustive literature search is conducted according to clear criteria,
followed by a rigorous assessment of studies based on predefined in-
clusion criteria. The SLR process offers several advantages, such as the
ability to identify and analyze the bulk of all relevant studies related to a
research question, minimize biases such as those due to potential prej-
udice, and ensure transparency in the selection and assessment of
studies (O’Brien & Mc Guckin, 2016). Therefore, it can be assumed that
the SLR method used in this study, the individual steps of which are
described in the following sections, provides a reliable and robust syn-
thesis of the literature on the present research question.

4.1. Problem definition

The purpose of this study is to examine how digital mapping of
informal settlements affects participation in the planning sense and in
relation to the residents of the mapped areas. The aim of this study is to
identify and document the results of experiences and approaches related
to digital mapping in informal settlements in participatory contexts in
emerging economies and the Global South.

4.2. Search strategy

For data collection, we conducted an extensive search of the well-
known and widely used databases Scopus and Web of Science. These
databases cover a wide range of disciplines, including those relevant to
the scope of our work. The papers we collected include works in the
fields of planning and geography, but cannot be pinned down to a
definitive group of disciplines or fields because the topic is inherently
interdisciplinary. For this reason, both Scopus and Web of Science are
considered well suited to identifying relevant papers because of their
wide coverage. To achieve the research objectives of our systematic
literature review, we define search strings that include the three key-
words outlined in Section 2: digital mapping, informal settlement, and
participation. These keywords are identified as essential categories that
are required to feature and be tied together in the literature relevant to
this study. To ensure a comprehensive search, we assigned alternative
terms to each keyword that are commonly used in the literature (though
they are not always exactly synonymous). The keywords and alternative
terms are presented in Table 1.

We developed search strings for both databases by combining the
mentioned keywords and their synonyms. The way we combine the
keywords follows a bag-of-keywords logic. Each identified manuscript
must satisfy all three categories in order to enter our initial shortlist of
potentially relevant papers. The respective search strings are shown in
Table 2. To perform a comprehensive search, we used the “ALL” option
in both databases, which allows searching for the defined terms in
several fields, including subject, title, abstract, and keywords. In
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Table 1
Research keywords and synonymous terms.
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Keyword Alternative terms

Digital mapping Web mapping, GIS, geographic information system

Informal Informal area, informal neighborhood, informal territory, informal space, deprived settlement, deprived area, deprived neighborhood, deprive territory,
settlement deprived space, illegal settlement, illegal area, illegal neighborhood, illegal territory, illegal space, informality, slum, favela, shantytown
Participation Engagement, inclusion, collaboration, involvement
Table 2

Search strings used for database querying.

Database Search string

Scopus ALL(“digital map*” OR “web map*” OR “gis” OR “GIS” OR “geographic* information* system*”") AND ALL(“informal settlement*” OR “informal area*” OR “informal
neighborhood*” OR “informal territor*” OR “informal space*” OR “deprived settlement*” OR “deprived area*” OR “deprived neighborhood*” OR “deprived
territor*” OR “deprived space*” OR “illegal settlement*” OR “illegal area*” OR “illegal neighborhood*” OR “illegal territor*” OR “illegal space*”” OR “informality”
OR “slum*” OR “favela*” OR “shantytown*”) AND ALL(“participat*” OR “engagement” OR “inclusion” OR “collaboration” OR “involvement”) AND (LIMIT-TO
(DOCTYPE, “ar”) OR LIMIT-TO (DOCTYPE, “cp™))

Web of ((ALL=(“digital map*” OR “web map*” OR “gis” OR “GIS” OR “geographic* information* system*”)) AND ALL=(“informal settlement*” OR “informal area*” OR

Science “informal neighborhood*” OR “informal territor*” OR “informal space*” OR “deprived settlement*” OR “deprived area*” OR “deprived neighborhood*” OR
“deprived territor*” OR “deprived space*” OR “illegal settlement*” OR “illegal area*” OR “illegal neighborhood*” OR “illegal territor*” OR “illegal space*” OR
“informality” OR “slum*” OR “favela*” OR “shantytown*”)) AND ALL=(“participat*” OR “engagement” OR “inclusion” OR “collaboration” OR “involvement”)
Table 3

Pre-established statements used for abstract screening.

Statement 1
Statement 2
Statement 3
Statement 4

The article should specifically address informal settlements in emerging economies and the Global South as the object of study.

The paper should address the concepts according to the established definitions from Section 2.

The paper should address the relationship between digital mapping and social participation in the context of planning.

The paper should not focus solely on the technological tool, but rather on the procedural aspects of digital mapping or the resultant planning practices.

addition, we restricted the search to journal articles and conference
papers, as these are usually peer-reviewed. This last step was achieved
by selecting the relevant document types in each database. The search
was not limited to a specific time period, as this is not relevant to our
research objectives. On the contrary, analyzing articles from different
years can provide a more comprehensive understanding of how the
relationship between the identified keyword groups has evolved over
time. We also limited the search to documents published in English since
the target scope here is an international one. We further allowed for
different inflections of the keywords through using asterisks acting as
wildcards. Both databases were last queried on 29 December 2023.

Our approach is not without limitations. One limitation is that con-
ference papers and book chapters are not exhaustively included in the
two databases employed. However, we assume that most papers relevant
to the given context will be published in peer-reviewed journals, as this
is the main form of publication for original research, at least in the fields
of planning and geography. Future studies may look more closely at
conference papers and book chapters. Another limitation is that our
approach does not cover non-academic manuscripts such as white pa-
pers and practitioner reports. Thus, our study focuses on peer-reviewed
academic literature and may reflect practical planning to a lesser extent,
unless the latter is used as a case study in the context of an academic
article. Our focus on English-language documents is also a restriction
that we make for pragmatic reasons. It would, of course, be very inter-
esting to also learn about possible differences in relation to our topic
between English-language and other-language works. Future research
may add this perspective.

4.3. Abstract screening

The resulting references from our database queries, including au-
thors, year of publication, title, and abstract, were exported to an Excel
spreadsheet and filtered for duplicates, resulting in a total of 2141
unique articles. The abstract of each article was then reviewed to
identify manuscripts that deal with cases in emerging economies and the
Global South and that are relevant to the research objectives. We focus

on this geographic area, as the vast majority of informal settlements are
located in this part of the world'. The first step was to assess the
congruence of each article with four pre-specified statements, which are
presented in Table 3. A ranking system was used, assigning a score be-
tween 1 and 3 depending on the degree of agreement. A score of 1 in-
dicates no agreement, 2 indicates partial agreement, and 3 indicates
complete agreement with each statement. Next, the papers that received
a score of 2 or 3 for all four statements were selected, resulting in a total
of 150 articles. In a second step, the articles that had received a score of 2
for one or more statements were reexamined. In some doubtful cases, a
more detailed analysis of the article was already performed at this step
beyond the abstract. From these, a total of 51 articles were selected, but
seven of these were either not available for download or were not in
English despite our defined query and were therefore excluded. The final
list of papers thus comprises 44 articles.

4.4. Analysis strategy

The identified literature was fully read and analyzed using a the-
matic analysis approach. The main goal of the analysis is to identify
recurring patterns and themes (and, in addition, selected relevant in-
dividual non-recurring themes) in the literature to answer the research
question. For the analysis strategy, we identified four themes (see
Table 4), which were recorded in an Excel spreadsheet. To facilitate
categorization of the data, a color-coding system was developed to
highlight specific themes as we read the articles (the color codes are
labeled I-1V in Table 4). The Excel spreadsheet was used to provide a
concise summary of key discoveries to facilitate linkage of article con-
tent and visualization of extracted data for synthesis.

The four themes listed cover different aspects of our research. Theme
I provides a descriptive characterization of the type of research that has

1 An alternative term for this part of the world is Majority World. Other
alternative terms include Developing World and Third World, although these
are no longer commonly used in the scholarly literature. See Alam (2008) and
Mitlin and Satterthwaite (2013) for related discussions.
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Table 4
Themes and their associated codes.
Code Content
I Case study location
Employed mapping tool
Type of data used or generated
Replicability
I Digital mapping approach
11 Impact of digital mapping on participation
v Additional, minor findings

been conducted in the areas relevant to this study. This theme comprises
four sub-themes. We recorded the locations of the case studies to gain an
idea of the geographic focus of the digital mapping and participation
research. This allows us to identify potential blind spots, but also helps
us to better understand how representative the results obtained for other
themes are in terms of their geographic distribution. Sub-themes two
and three deal with tools and data types, allowing a summary of the
more technical aspects of the research topic. The fourth sub-theme,
replicability, is of more secondary importance here, but will help us
assess how transferable the approaches are.

Themes II and III are the main subjects that relate directly to our
research question. Theme II goes beyond the aspects of tools covered by
theme I and aims to identify more comprehensive mapping strategies.
This includes the tools used, but links them to broader approaches at
different stages of the mapping process. For example, it may be impor-
tant to understand how different tools are used in combination or how
local residents are involved in the mapping process to gather local
knowledge. Topic III focuses on those text segments that address specific
linkages between digital mapping and participation as part of planning
processes. This includes, among other things, how the mapping process
itself or its results are translated into participatory approaches, and in
what ways true participation actually occurs in the sense that the results
are seriously taken into account. Finally, theme IV is a residual category
that allows us to take note of anything noteworthy that does not fall into
the other categories but may be important to the research context at
hand. These additional and possibly singular findings may be of interest
in identifying follow-up research topics. Also, the additional information
identified in this way could be useful for further contextualizing the
other findings.

5. Results and discussion

In the following subsections, we present our results of the review.
Section 5.1 first briefly characterizes the published research conducted
on the topic. This characterization is presented broken down by the sub-
themes of Code I from Table 4. After this descriptive section, we address
our research question in Sections 5.2 and 5.3, thus addressing Codes II
and III. Finally, Section 5.4 summarizes additional relevant findings that
do not respond directly to the research question but may be relevant to
further research in terms of hypothesis development.

5.1. Descriptive characterization

The descriptive characterization below summarizes the case study
sites, mapping tools used, types of data used or generated, and com-
ments on replicability.

5.1.1. Case study locations

Most of the literature reviewed includes case studies conducted in
specific, clearly identifiable geographic locations. Some articles even
cover more than one case study. It should be noted, however, that four of
the articles analyzed deviate from this approach and do not present a
particular locatable case study at all. In terms of the geographic loca-
tions of the case studies, the majority of the identified literature focuses
on locations in developing regions, as shown in Fig. 1. The majority of
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the research focuses on studying sites on the African continent. Twenty-
seven articles examine cases in Kenya, South Africa, Nigeria, Rwanda,
Tanzania, Egypt, Sierra Leone, Liberia, Mozambique, Ethiopia, Benin,
Chad, and Zimbabwe. The second most studied continent is Asia, with
twelve articles examining cases in India, Indonesia, Bangladesh,
Pakistan, Mongolia, Papua New Guinea, and Nepal. Next, there are nine
articles examining cases in South American countries, including Brazil,
Peru, Chile, Venezuela, and Argentina. Finally, only one paper examines
a case in Mexico and thus in Central America. Please note that some
articles examine more than one case study. What this overview shows is
a strong concentration on a few case study countries. For example, the
findings from Africa are mainly concentrated in South Africa and Kenya.
The latter includes Kibera, a deprived area in Nairobi that has become a
very popular study site over the years. From this we can conclude that
while some cases are well studied, there are still large white spots on the
map, leaving much of the Global South in the unknown. The latter is a
problem because the corresponding research often includes policy
advice components that might vary in other national contexts.

5.1.2. Employed mapping tools

Geographic Information Systems (GISs) represent the most
commonly used tool for digital mapping of informal settlements in our
corpus. The literature reviewed highlights the potential of this type of
tool, which, according to many authors, is characterized by geometric
accuracy, versatility, and efficacy, to provide insights into the spatial
patterns and characteristics of informal settlements. Among the various
types of GIS applications, Participatory GIS (PGIS) in particular has been
the focus of several studies. PGIS allows for consideration of the
expertise and knowledge of local communities in shaping their own
neighborhood development. Web-based platforms have also been used
in several cases, with OpenStreetMap (OSM) being the most popular and
widely used mapping platform. OSM provides free access to geographic
features such as streets, buildings, and other elements of the physical
and built environment. In addition to OSM, other platforms such as
GISColab (Moura et al., 2021) and the Brazilian Geodesign Platform
(Moura & Freitas, 2021) were used as well. In addition, in some cases,
unmanned aerial vehicles (UAVs) were used in the mapping process.
Finally, the inclusion of GPS receivers as standalone systems is
mentioned in a small number of cases.

5.1.3. Type of data used or generated

Based on the literature reviewed, we identified three main categories
of data: imagery, vector data, and tabular attribute data. The imagery
used in the case studies is of a variety of types, including drone imagery,
traditional forms of remote sensing data, and photographs. We note that
unmanned aerial vehicle (UAV) imagery is used extensively in digital
mapping scenarios in informal settlements. We hypothesize that UAVs
are preferred for capturing imagery data because they can be used
flexibly and at comparably low cost, can cover large areas from a given
location, and provide high-resolution imagery from different angles and
altitudes, providing a comprehensive view of the area being mapped. In
addition, UAVs can capture imagery in near real time, which allows for
rapid updating of map data. The latter is particularly useful in dynamic
environments. A second category of data used for digital mapping is
vector data. This data usually consists of points or other features that are
mapped either with an image recognition tool or by manually drawing
vector geometries with GIS software. A commonly used type of tool for
creating vector data are editors in the context of the aforementioned
OSM, which often also allow importing data from other sources. A third
category of data used in digital mapping is tabular attribute data, which
is used to qualify imagery and vector data. Tabular attribute data
include various types of information such as census data, field survey
questionnaires, sample interviews, and information from researchers in
the field. These data sources provide valuable insight and context for the
mapped sites and allow for a more comprehensive understanding of
mapped areas.
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Our analysis of digital mapping cases shows that multiple types of
data have been used in complementary ways. We frequently encoun-
tered examples in the articles where obstacles to data collection were
overcome through the use of volunteered geographic information (VGI),
that is, geographic information contributed by lay volunteers, and other
types of local community participation. Therefore, and in the light of the
complexity of many informal areas, it is essential to include the affected
population in the data collection process in order to accurately represent
the regions studied. By including the perspectives and experiences of
those who live in the mapped areas, the maps produced become more
representative of the reality on the ground. Overall, using a combination
of data types and working with local populations can result in
comprehensive and accurate digital maps of informal areas.

5.1.4. Replicability

For the most part, the methods and techniques used in the literature
discussed can be applied to other cases and contexts. However, it should
be kept in mind that some of the approaches are highly contingent on
contextual characteristics, such as particular forms of governance or the
specific characteristics of a particular project. In addition, a negligible
proportion of the cases studied were classified as non-replicable because
they are too case-specific. The results suggest that digital mapping ap-
proaches for informal settlements are generally adaptable to different
settings, indicating that they can be replicated in a variety of contexts, at
least at a more technical level though not always at a policy and pro-
cedures level. These findings have significant implications for the scal-
ability, sustainability, and potential of digital mapping of informal
settlements to address the challenges faced by these areas and their in-
habitants around the world.
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5.2. Digital mapping approaches

In a large proportion of the cases studied, VGI was an essential
component of the approach to mapping informal settlements. VGI refers
to the use of digital tools to collect and share volunteered geographic
data, mostly provided by private individuals (Goodchild, 2007). In this
way, the experiences and viewpoints of a variety of people can be
incorporated without the need for official legitimization or permission
to collect data. The latter is often complicated, especially in the informal
settlements in the Global South discussed here, and often entails lengthy
negotiations. Furthermore, in the given context, VGI may be more
adaptable, spatially diverse, and temporally extensive than traditional
methods (Ferster et al., 2018). In most of the relevant case studies, OSM
was used as a VGI tool for recording and cataloging geographic infor-
mation, with the exception of one case in Venezuela where Google My
Maps was used to create vectors and boundaries of informal areas (Falco
et al., 2019). During our review, we also found that a recurrently cited
key advantage of VGI is that it is quick, comparatively straightforward,
and inexpensive to generate data. This makes VGI an amenable
approach, particularly for crisis situations where rapid response is
required and data must be generated quickly to assess the situation on
the ground. VGI has the potential to provide more accurate, timely, and
comprehensive data than traditional methods because it draws on input
from a diverse group of individuals who can provide a range of view-
points and experiences. This is a major advantage, particularly in the
complex informal settings of slums, shantytowns, and favelas, the inner
structuring of which is often hard to grasp for outsiders. In addition, VGI
can engage otherwise underrepresented communities in mapping, as
they can bring their local knowledge and experience to the creation of
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Fig. 1. Overview map showing the number of case studies per country as identified in the review. Disputed borders are shown with dashed lines. Please note that
Hawaii and some other Pacific islands are outside the map extent due to the global projection used, as we want to focus on those parts of the map that are relevant for
this article. The projection used is Mollweide (EPSG: 54009; see Lapaine, 2011), which is an equal-area but not an equidistant projection. For this reason, no scale bar
is given. The underlying administrative boundaries are published under an Open Government License and reflect the boundaries of the UN World Food Programme.
Some larger disputed areas are marked, but disputed borders are not shown for reasons of readability. This does not represent any political partiality on the part of
the authors, who remain explicitly neutral. The underlying boundary data are provided by opendatasoft.”

2 https://public.opendatasoft.com/explore/dataset/world-administrative-boundaries/export/, last accessed on 28 December 2023.


https://public.opendatasoft.com/explore/dataset/world-administrative-boundaries/export/

A. Américo da Silva et al.

geographic data. This was the particular case in Bagelen (Indonesia) by
Purwitaningsih et al. (2022), for example, where printed maps were
validated through interviews with residents and cross-checked with
them to confirm the locations of floods. In addition, VGI can promote
transparency because the generated data are openly accessible. Some of
the world regions considered here are subject to problematic political
complexities. VGI can be used in these cases, for example, to hold de-
cision makers accountable for their actions, showing that the use of VGI
in mapping informal settlements may have positive effects beyond the
actual mapping campaign. This can be particularly important in situa-
tions where access to official data is limited or where official data is
incomplete or unreliable (Jochem & Tatem, 2021). Because of the above
reasons, VGI is used in a variety of applications, including emergency
response, community development, and for scientific research.

We also identified the frequent use of questionnaires to collect and
validate data. The use of questionnaires can play a critical role in
assessing vulnerable communities because they provide a structured
approach to collecting sensitive data related to that very vulnerability.
This includes demographic information, socioeconomic status, health
issues, and access to services. In some cases, questionnaires have been
conducted using spatial sampling methods such as a mapping approach
in Kenya (Bakibinga et al., 2019). On the one hand, these types of
questionnaires do offer limited geographic accuracy. On the other hand,
the willingness to share relevant data is considerably greater than in the
case of permanently publicly accessible datasets. The use of question-
naires by researchers is also sometimes an important tool for govern-
ments (at least for those with willingness to cooperate and positive
intentions). For most of the regions designated as informal settlements,
insufficient official data were available, making it difficult to understand
the situation on the ground. Ultimately, the involvement of local,
affected communities has proven to be a key element in the majority of
digital mappings studied. This engagement can take many forms,
including data validation, data collection, or general support. These
approaches have been effective in implementing mapping and have
provided communities with a sense of empowerment, as they were
actively engaged in the research process instead of being acted upon.
Engaging communities in digital mapping thus not only results in more
accurate maps, but also promotes community development, strengthens
community ties, and ensures that the resulting maps are aligned with
local needs and priorities.

5.3. Impact of digital mapping on participation

Access to spatial information can help empower communities in
informal areas and enable better decision making (Panek & Netek,
2019). However, in our corpus, digital mapping is primarily used for
data collection and to a lesser extent for explicit participation. Digital
mapping has the potential to map settlements in the absence of census
data and can serve as a preliminary means to gather initial information
for strategic planning purposes (Ragheb & El-Ashmawy, 2021). How-
ever, when it comes to participation, the reviewed papers show that
digital mapping is mainly focused on data collection or ensuring the
accuracy of planning data. Although these efforts are important in
promoting public participation, they comply only with the lower rungs
of Arnstein’s participation ladder (Arnstein, 1969). In most cases, digital
mapping is used only to inform or consult with stakeholders, and there
are few cases where it goes beyond these rungs. The Solo Kota Kita
project in Indonesia can be cited as an example of how digital mapping
and citizen participation can lead to more democratic and inclusive
decision-making processes in such urban areas (Heeks & Shekhar,
2019). Similarly, the mapping of Los Arenales in Chile using PGIS has
shown that by including the community’s history and drawing attention
to their agency, they are empowered, increasing their self-esteem and
willingness to fight for their rights (Vergara-Perucich & Arias-Loyola,
2021). The participatory mapping program of Dar es Salaam in
Tanzania also demonstrates community empowerment by giving the
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community control and access to spatial information (Gevaert et al.,
2018). In addition, processes of collaborative mapping can foster a sense
of ownership and engagement among citizens, leading to greater
acceptance of policy changes (Loggia & Govender, 2019).

Along with the relatively few cases of strong participation through
digital mapping, our corpus also shows that at least digital mapping has
the potential to increase participation in informal settlements. Digital
mapping tools can promote public participation by allowing people to
visualize and understand various features of their own lived realities
(Moura & Freitas, 2021). For example, participants can manipulate data,
adjust layer transparencies and positions in interactive maps, and add
annotation points to actively engage in the process at hand. This inter-
active experience can lead to a more complete understanding of a given
topic and, where appropriate, increase engagement over the longer
term. In addition, the creation of maps by communities themselves can
empower them to better understand their surroundings, improve their
geo-literacy, and literally allow them to practically locate their region on
a map (Panek, 2013). Collaborative mapping may thus enable local
community members to express their real needs, concerns, and expec-
tations regarding future upgrading activities (Loggia & Govender,
2019). In addition, using methods that analyze regions block by block
can break down complex problems into simpler local issues, providing
valuable insights and suggestions for planners and policy makers
(Soman et al., 2020). It is expected that the collection of mapped data
will provide governments with a better understanding of critical areas to
prioritize when developing policies for informal settlements (Falco
et al., 2019). In this way, governments can learn to better value locally
generated knowledge and thus affected communities. Hence, in the long
run, participation could be increased, at least indirectly, through map-
ping efforts. These efforts are most effective when used as part of a
systemic strategy that ensures universal access to information while
respecting local knowledge and history.

In summary, the literature reviewed suggests that the most important
impact of digital mapping on participation in planning practices is
improving information access to spatial information and data collection
of informal settlements. In some cases, we also hypothesize that digital
mapping will further drive participation and promote effective collab-
oration among different stakeholders. Overall, digital mapping ap-
proaches can enable more thorough and informed planning practices,
especially in the diagnosis and analysis phases, which better reflect the
actual reality in informal settlements and thus can be responsive to the
needs and preferences of affected communities. However, there is still
much room for improvement when it comes to equipping local pop-
ulations with the needed skills on the effective use of these technological
resources, ultimately giving them proper decision-making power and
control. Thus, it can be stated that, beyond the lower levels of partici-
pation (e.g., beyond inclusion in data collection), relatively few direct
effects of digital mapping on participatory processes in informal settle-
ments are evident in the literature. However, the indirect effects pointed
out above may have positive long-term effects, which allows for an
optimistic outlook.

5.4. Additional findings

During our review, we gained additional insights that are not directly
related to the research question, but contribute to its broader context.
One such type of additional insight is the role of technology in mapping
informal settlements. Map representations are strongly influenced by the
methods and techniques used in their creation (Martinez et al., 2016).
This underscores the importance of critical mapping and the need to be
aware of underlying assumptions and potential biases in map production
and interpretation. The authors of several studies reviewed report that
using only satellite imagery to map informal settlements (which seems a
natural choice given the complexity of accessing such areas) may not
provide a comprehensive and truthful representation. In order to
develop accurate digital maps that depict the intricacies of the local
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environment, the incorporation of local knowledge is necessary (Soman
et al., 2020; Yeboah et al., 2021). Therefore, working with local com-
munities and conducting comprehensive studies to identify the
strengths, challenges, and priorities of affected people is critical to
ensure the accuracy of the data produced (Ragheb & El-Ashmawy, 2021;
Yeboah et al., 2021).

The use of explicitly participatory geospatial information technolo-
gies in informal settlements is considered a promising approach to
address the lack of information needed for effective planning (Abbott,
2003). Citizen-based mapping platforms can then indeed be sources that
challenge official knowledge and make visible areas excluded from
official datasets and maps (Martinez et al., 2016). The use of explicitly
participatory mapping approaches also encourages community partici-
pation and stakeholder interaction (Gebremedhin et al., 2020). In this
regard, collaborative mapping and digital participation offer an alter-
native strategy for obtaining spatial information that may be more
beneficial than traditional approaches used in many developing coun-
tries (Panek & Netek, 2019). It is also worth noting that the use of GIS (i.
e., a tool that is not exclusively used to collect and map geographic data
but also for their analysis) as a tool to strengthen the capacity and
agency of local communities, particularly those that are marginalized or
vulnerable, is an emerging practice (Panek, 2013). From the literature
reviewed, it appears that the use of GIS can empower community
members to participate in data analysis and decision-making processes
in addition to mapping and data collection. This can help in the planning
and development of informal settlements and bring participation to
higher levels of the ladder of participation.

It is worth noting that in the literature reviewed, concerns are also
raised about the quality of information obtained from crowdsourcing
and VGI. Some researchers have criticized the use of crowdsourced data,
raising concerns that such data may be incomplete, undifferentiated,
and prone to error due to the lack of rigorous quality control measures
(Thompson, 2016). Even when specialized local mapping teams are
involved, the quality of data in digital maps produced by a large number
of people and oftentimes in a remote manner may be compromised
(Yeboah et al., 2021). Therefore, an alternative solution could be to be
more interventionist and require more post-processing efforts through
the application of, for example, ISO standards to better ensure the reli-
ability of bottom-up collected geospatial data (Augustinus, 2020).
Applying simpler strategies, such as implementing mechanisms like a
user authentication system, could also promote data accuracy
(Tapia-McClung, 2016). In addition, simple web maps without any
further analytical capabilities have been shown to be an effective tool for
data visualization and collaborative exploration (Moura et al., 2021;
Panek & Sobotova, 2015), especially for datasets that are too large or too
complex to be easily understood using traditional data presentation
methods (Mdleleni et al., 2020). Our review of the literature suggests
that web maps provide users with higher levels of engagement and
interactivity when interacting with large datasets, allowing them to
navigate through the information and identify patterns or insights that
are not immediately apparent with alternative methods of data pre-
sentation. In addition, the ease of use of simple web maps allows a wider
range of community members or stakeholders to access and view visu-
alizations (Moura et al., 2021).

It is imperative, however, to consider the differences in access to
digital technologies in different social, economic, and geographic con-
texts. For example, while digital tools can provide rich information, they
can still be exclusionary (Martinez et al., 2016). There is a significant
gap between marginalized and impoverished individuals and the com-
plex digital mapping technologies used to represent them (Kennedy
et al., 2022). In this regard, smartphones are considered a relatively
inexpensive and efficient tool for digital mapping that has the potential
to facilitate data collection and mapping in areas with limited data
availability (Ranabhat & Paudyal, 2019). In addition, smartphones can
help promote digital inclusion in underprivileged communities, at least
when such devices are already sufficiently available (Moura & Freitas,
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2021). However, strategies should be implemented that also take into
account the limitations of smartphones, as these are also not always
available for economic reasons. To strengthen urban resilience and
promote collaboration between communities and local governments, it
is essential to implement more participatory strategies that strengthen
the collective capacities of the urban poor and produce relevant data
(Bandyopadhyay & Nagpal, 2020). In addition, improving the access to
spatial information can help residents of informal settlements manage
their property more effectively (Panek & Netek, 2019). It was also
shown how cultural and language barriers can hinder mapping and thus
also proper participation (Laituri et al., 2023). Some of the additional
findings highlighted are closely related to the findings presented in the
previous sections. Others contextualize the main findings, and we
believe it is important to think of this study not only as taking stock of
digital mapping of informal settlements, but also as mapping the area of
concern itself, in the spirit of a scoping review.

6. Conclusions

With an increasing number of people living in informal settlements,
spatial planning needs to address the issues of invisibility and exclusion
that these areas and their inhabitants face in the planning process. In this
study, we examined how the use of digital mapping affects public
participation in planning processes for informal settlements in emerging
economies and the Global South. We conducted a systematic literature
review, for which we implemented search strings to query two major
literature databases and selected relevant papers based on a carefully
crafted inclusion protocol. After a brief descriptive account, we analyzed
the resulting corpus, which includes case studies in developing regions,
particularly Africa, followed by Asia and South America, in light of the
research question. We divided the question into two components, which
we reported on separately. We have also reported additional findings
that we encountered in our review of the literature. We consider the
latter important to better understand the broader context of the topic
under discussion.

A number of the articles analyzed propose innovative approaches to
digital mapping of informal settlements. Some of them advocate for the
involvement of local communities throughout the process. However, a
number of barriers to implementing digital mapping in informal settle-
ments and actively engaging local communities in such efforts were
identified. These challenges include inadequate access to technology,
cultural and language differences, security concerns, the dynamic nature
of informal settlements, and vulnerability to natural disasters. These
findings echo largely what is also reflected in the literature review
presented in Section 3 and thus indicate that little has changed in their
regard. In addition, the literature reviewed shows that most digital
mapping approaches for informal settlements are adaptable and repli-
cable in different environments. Consequently, these approaches have
significant potential for scalability, sustainability, and addressing the
challenges faced by informal settlements and their inhabitants world-
wide. Moreover, the use of VGI emerges as a key component of these
mapping approaches, enabling rapid data generation, community
engagement, transparency, and accountability.

Volunteered geographic information is an upcoming approach to
mapping informal settlements and featured in ten of our reviewed ar-
ticles. Whilst VGI may be promising in principle and the use of OSM
understandable as it provides a ready-to-use and low-cost platform for
data collection, storage, visualization, and dissemination, our review
findings show that the impact of such data remains limited in terms of
participation. Our findings show that the use of OSM is widespread, but
at the same time there is also clear evidence that the use of volunteered
geographic information by governments and authorities in the Global
South has not kept pace. One such example is Kibera, which now has a
strong data presence on OSM through projects like Map Kibera (Ndemo,
2020, p. 132) and is even one of the most extensively mapped areas of
Nairobi. This project has been running for many years now and has led
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to community empowerment in terms of skills development, community
information, and building a sense of community, among other things
(Ndemo, 2020; Santos et al., 2023). However, although platforms such
as OSM provide a sustainable way to store and disseminate participatory
mapping data, there is little evidence that policy makers in informal
areas actually take it into account. In a very recent dissertation, Roza
(2022) reports that in one case in Dar es Salaam, Tanzania, residents did
not have the impression that the respective, participatory mapped OSM
data was actually being used (p. 104). In relation to Kibera, the same
work reports that government officials appeared to be more willing to
engage with the OSM data originally collected via the so-called KoBo
toolbox, but that they appeared to face technical barriers to hosting the
collected data (p. 144). These two examples are representative of the
literature reviewed, in which voluntary geographical information is
often used, but there are also doubts about the extent to which the data
actually feeds into planning processes in a constructive way. While
platforms such as OSM potentially address a general problem outlined in
Section 3, namely that mapped data should be accessible to both gov-
ernment officials and participants, the extent to which it can contribute
to more meaningful participation in informal areas is still questionable —
even 19 years after OSM’s inception (at the time of writing) — partly due
to the lack of corresponding legal requirements (Moreri, 2019, p. 202).
In addition, volunteered geographic information platforms appear to
resemble many of the challenges of other forms of digital mapping of
informal areas, including the potential to trigger ownership conflicts and
the requiring of certain skills, to name but a few (Hachmann et al.,
2018).

An important finding that is not yet fully reflected in the literature to
date is that UAVs (or drones) are increasingly being used to capture
geographic data in the Global South, including informal areas. This is
done in two ways: for capturing imagery or for generating 3D infor-
mation either with LiDAR sensors or using photogrammetric ap-
proaches. UAVs have proven to be beneficial but also challenging in our
review. For example, Gevaert et al. (2018) report a geometric accuracy
of 3 c¢m for a case study in Kigali, Rwanda, which outperforms many
satellite and aerial images and makes UAVs suitable for localized map-
ping. The latter is further supported by the comparatively low cost and
short flight duration. Moura et al. (2021) and Moura and Freitas (2021)
also report on case studies in Brazil where participants made better
policy recommendations when using 2D and drone-based 3D visualiza-
tions in combination. However, Loggia and Govender (2019) report
resistance from the city administration (here: Durban, South Africa) due
to reservations about a possible lack of funding and capacity. The
finding that drones are gaining ground in mapping informal areas should
be considered in conjunction with two findings that have been recur-
rently reported in the literature to date: the demonstrated superiority of
aerial or satellite imagery as a basis for participatory mapping (Akbar
et al., 2021; DeGraff & Ramlal, 2015) and the fact that it has often been
the non-geographic components of community mapping that have so far
contributed positively to community empowerment and participation
(Corbett & Keller, 2005). We hypothesize that the latter two outcomes
are often a consequence of the rather abstract nature of mapping
products. Photorealistic, map-like representations, such as images or
even 3-D renderings, lower the level of abstraction and may thus provide
a stronger relevance of the specific geographic components of commu-
nity mapping in terms of participation. The increasing use of UAVs
therefore offers great potential for mapping in informal areas, as they
enable more cost-effective and timely collection of relevant data than
the often more expensive aerial photography campaigns or less frequent
satellite coverage. Capturing a large number of detailed images with
drones and subsequent participatory mapping based on these images
could therefore be a promising approach for the future. In addition, the
3D mapping potential of drones should be investigated in more detail,
both in technical terms and with regard to the possible participatory
effect. There is already a body of work on low-cost LiDAR devices, both
drone-based and non-drone-based (e.g., Hammerle et al., 2014; Hu
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et al., 2020; Klopfer et al., 2017). Similar work could be carried out
systematically for the particular case of irregular and complex informal
settlements.

In the literature reviewed, there is no central focus on direct
participation in planning practices. Most articles focus primarily on the
importance of up-to-date data and public empowerment. Nonetheless, it
can generally be said that digital mapping contributes to improved
collaboration among various stakeholders (which has been shown to
improve the efficacy of participatory mapping in rapidly urbanizing
contexts, see Brom et al., 2023) and gives local communities more of a
voice, especially in the diagnosis and analysis phases of planning pro-
cesses. The resulting digital maps and their creation process thus provide
opportunities for people to better understand their surroundings, ex-
press their points of view, and participate in discussions (see Kovacic &
Lundine, 2013; Gedgauda, 2013, for the case of Kibera). Overall, how-
ever, digital mapping approaches have not yet proven sufficient to
effectively incorporate the perspectives of residents of informal settle-
ments and grant them an active role in decision-making processes. While
the research conducted shows that participation in the context of digital
mapping of informal settlements currently occurs indirectly rather than
directly, there is also evidence in our review that digital mapping,
through careful deliberation, purposeful development, and proficient
implementation, can lead to the formulation of contextually relevant
and sustainable solutions that are rooted in the unique challenges and
lived experiences of affected communities. It can be concluded that
participatory digital mapping holds promising potential for promoting
and implementing participatory planning in informal settlements,
although this has not yet been fully achieved in practice and research.
One of the concerns expressed years ago about the use of digital mapping
was the rapid pace of technological development compared to the
generally slower pace of implementation and application of participa-
tory measures (Berdou, 2011). Our findings suggest that more than ten
years after these concerns were raised, improvements in participation
are still lagging behind technological developments. One reason for this
could be the lack of uptake of crowdsourced data for statutory purposes
such as planning. In the Global North, participation is often formalized
through planning law but systematic studies for the likely fragmented
Global South are not yet available. Another reason could be entrenched
forces resisting a more inclusive approach, both on the part of author-
ities and residents (Bautes et al., 2013), regardless of the type of geo-
spatial data collection. Our results thus suggest that digital mapping,
despite its now fairly widespread (and increasing) use, is still not very
effective in terms of more participatory planning.

Further research is needed to explore certain aspects of the present
review. For example, the literature reviewed only includes case studies
and methodologies where digital mapping of informal settlements was
initiated by third parties such as governments, research institutions, and
private companies. This type of approach limits the potential utility, as
the solutions and mapping processes are defined by these external ac-
tors, and the complex dynamics within informal settlements may be
overlooked (see also Section 3). In addition, residents of informal set-
tlements may not have the resources or access to technology to fully
participate in mapping processes, which may lead to further marginal-
ization rather than the opposite. It would be instructive to analyze
digital mapping from a different perspective, one in which informal
settlement residents are the primary stakeholders in developing and
defining the mapping process from the beginning and at all stages. A
second point for future research is the integration of data generated
bottom-up in informal settlements with officially produced data and
databases. There are challenges associated with integrating these types
of data, such as differences in data format, data quality, and data stan-
dards. Therefore, future research should explore effective methods for
integrating bottom-up generated data with official data sources, as well
as assess the quality and reliability of the integrated data. This is a
current research topic in geographic information science (Liu et al.,
2021; Vilches-Blazquez & Ramos, 2021), and consideration of
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characteristics influenced by informality would allow another important
feature to be considered in the harmonization of database schemas. The
latter may lead to an improved acceptance of participatory data through
enhanced compatibility with established schemes. Finally, we did not
distinguish between different types of data collection purposes in our
study. Most of the papers reviewed deal in one way or another with the
collection of data for political planning processes. However, a more
systematic differentiation into finer categories of data collection pur-
poses could reveal further interesting insights. This should therefore be
taken into account in follow-up research.

Our findings also allow us to connect to various strands of research
beyond those described above. The insights we have gained can support
researchers who need direct access to slums and related areas (e.g.,
Banerjee, 2023; Beier, 2023; Beier et al., 2021). These types of research
will benefit from our findings because the respective researchers typi-
cally face informal negotiation processes with both residents and au-
thorities to gain access to informal areas. These negotiations often
exhibit elements similar to those of participation, and some of our
conclusions may therefore be transferable to these areas. Another
interesting potential link is made by the reoccurring method of PGIS.
“[Participatory mapping] is ultimately about the sharing of knowledge
and experience about place” (Brown & Kytta, 2018, p. 6). PGIS has thus
traditionally been closely associated with the link between place and GIS
(Brown et al., 2020). There is a growing body of literature on this
interface (Mocnik, 2022; Purves et al., 2019; Wagner et al., 2020;
Westerholt, 2019) and geolocative participatory tools (practices
employing such tools are sometimes referred to as ‘geoparticipation’, see
Babelon et al., 2021; Zhang, 2019; Panek, 2016) could benefit greatly
from being place-based rather than space-based, as the former can better
capture how residents conceive of their surroundings. Ultimately,
place-based information could be of greater value to participation than
mappable spatial information by yielding more meaningful aggregations
of people’s needs (Brown & Kytta, 2018). The usefulness of the latter and
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the associated methods-oriented work is supported by recent findings
from non-informal areas demonstrating the value of participatory
mapping in capturing place values, identities, and sense of place
(Gottwald et al., 2022; Panek et al., 2020). We hope that our scoping
review will help further connecting these threads motivating empirical
researchers to complement the outlined findings by an informality
perspective.
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Title Year Outlet Reference

Application of analytic network process (ANP), local and indigenous knowledge in 2024  Natural Hazards Membele et al. (2024)
mapping flood vulnerability in an informal settlement

Mapping riverside communities in Tefé—Amazonas—Brazil 2024  Aguay Territorio Ventorini et al. (2024)

The SmartLandMaps approach for participatory land rights mapping 2023  Land Lindner et al. (2023)

Questioning the practice of participation: critical reflections on participatory mapping 2023  Applied Geography Laituri et al. (2023)
as a research tool

Participatory mapping of irrigation schemes in Tanzania, Mozambique and Zimbabwe 2023  Agricultural Water Management Mdemu et al. (2023)
and their value for multi-level learning

Geo-information-enabled village level micro-planning for enhancing common good 2023  Technological Forecasting and Social Change Singh and Chudasama

(2023)

A review of the role of intermediate partners in the Community Participatory Mapping 2023  IOP Conference Series: Earth and Environmental Handayani and Dianingrum
Project at Slum Upgrading Settlement Science (2023)

A decision support tool for green infrastructure planning in the face of rapid 2023 Land Brom et al. (2023)
urbanization

A creative approach to participatory mapping on climate change impacts among very ~ 2023  Journal of Global Health Reports Logie et al. (2023)
young adolescents in Kenya

Interrogating data justice on Hyderabad’s urban frontier: information politics and the =~ 2022  Information, Communication & Society Kennedy et al. (2022)
internal differentiation of vulnerable communities

Empowering local leaders in flood inundation mapping in Bagelen, Purworejo, Central 2022  Jamba: Journal of Disaster Risk Studies Purwitaningsih et al. (2022)
Java

Strategic actions of urban development to define the intervention policies of slums 2021  City, Territory and Architecture Ragheb and El-Ashmawy

(2021)

Geodesign experiments in areas of social vulnerability in the Iron Quadrangle, Minas 2021  Land Moura et al. (2021)
Gerais, Brazil

Analysis of OpenStreetMap data quality at different stages of a participatory mapping 2021 ISPRS International Journal of Geo-Information Yeboah et al. (2021)
process: evidence from slums in Africa and Asia

Using open data to detect the structure and pattern of informal settlements: an outsetto 2021  Big Earth Data Assarkhaniki et al. (2021)
support inclusive SDGs’ achievement

Co-creation of ideas in geodesign process to support opinion and decision making: case =~ 2021 International Conference on Innovation in Urban Moura and Freitas (2021)

study of a slum in Minas Gerais, Brazil
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(continued)
Title Year Outlet Reference
Community mapping with a public participation geographic information system in 2021 Geographical Research Vergara-Perucich and
informal settlements Arias-Loyola (2021)
Addressing resources to minimize COVID-19 impact in vulnerable neighborhoods 2021  IEEE International Symposium on Technology and ~ Dreifuss-Serrano and
using georeferencing Society Cepero-Saravia (2021)
Worldwide detection of informal settlements via topological analysis of crowdsourced =~ 2020  ISPRS International Journal of Geo-Information Soman et al. (2020)
digital maps
Visualizing life in an informal settlement of South Africa using web maps and story 2020  The International Archives of the Mdleleni et al. (2020)
maps Photogrammetry, Remote Sensing and Spatial
Information Sciences
Catalysing global and local social change in the land sector through technical 2020  Land Use Policy Augustinus (2020)
innovation by the United Nations and the Global Land Tool Network
Crowdsourcing and interactive modelling for urban flood management 2020  Journal of Flood Risk Management Gebremedhin et al. (2020)
Knowledge and participation: empowering Indian urban poor to access public services 2020  International Education Journal: Comparative Bandyopadhyay and
Perspectives Nagpal (2020)
Collaborative mapping and digital participation: a tool for local empowerment in 2019  Information Panek and Netek (2019)
developing countries
Datafication, development and marginalised urban communities: an applied data 2019  Communication & Society Heeks and Shekhar (2019)
justice framework
Racialized space: children map the post-apartheid landscape 2019  Visual Anthropology Review Reed (2019)
Smartphone-based volunteered geographic information (VGI) for slum mapping in 2019  The International Archives of the Ranabhat and Paudyal
Pokhara City of Nepal Photogrammetry, Remote Sensing and Spatial (2019)
Information Sciences
A hybrid methodology to map informal settlements in Durban, South Africa 2019  Proceedings of the Institution of Civil Engineers Loggia and Govender
(2019)
Web-based participatory mapping in informal settlements: the slums of Caracas, 2019  Habitat International Falco et al. (2019)
Venezuela
A protocol for a multi-site, spatially-referenced household survey in slum settings: 2019  BMC Medical Research Methodology Bakibinga et al. (2019)
methods for access, sampling frame construction, sampling, and field data collection
Sustainable development as successful technology transfer: empowerment through 2018  Development Engineering Eitzel et al. (2018)
teaching, learning, and using digital participatory mapping techniques in Mazvihwa,
Zimbabwe
Evaluating the societal impact of using drones to support urban upgrading projects 2018  ISPRS International Journal of Geo-Information Gevaert et al. (2018)
Creating collaborative environments for the development of slum upgrading and 2018  International Journal of E-Planning Research de Aratijo et al. (2018)
illegal settlement regularization plans in Brazil: the Maria Tereza neighborhood case
in Belo Horizonte
Slum mapping: from space to unmanned aerial vehicle based approaches 2017  Joint Urban Remote Sensing Event Sliuzas et al. (2017)
Upside-down GIS: the future of citizen science and community participation 2016  The Cartographic Journal Thompson (2016)
Factors shaping cartographic representations of inequalities. Maps as products and 2016  Habitat International Martinez et al. (2016)
processes
Volunteered geographic information system design: project and participation 2016  ISPRS International Journal of Geo-Information Gomez-Barrén et al. (2016)
guidelines
A digital platform to support citizen-government interactions from volunteered 2016  International Conference on Computational Tapia-McClung (2016)
geographic information and crowdsourcing in Mexico City Science and its Applications
Community mapping in urban informal settlements: examples from Nairobi, Kenya 2015 The Electronic Journal of Information Systems in Panek and Sobotova (2015)
Developing Countries
Open data for informal settlements: toward a user’s guide for urban managers and 2015  Journal of Urban Management Chakraborty et al. (2015)
planners
Using photovoice as a community based participatory research tool for changing 2015  BioMed Research International Bisung et al. (2015)
water, sanitation, and hygiene behaviours in Usoma, Kenya
A system for household enumeration and reidentification in densely populated slums 2014  PLoS One Thomson et al. (2014)
to facilitate community research, education, and advocacy
The commercialisation of public data — How does participatory data-mining lookona 2013  South African Journal of Geomatics Panek (2013)
global scale?
The use of GIS in informal settlement upgrading: its role and impact on the community =~ 2003  Habitat International Abbott (2003)

and on local government

References

Abascal, A., Rothwell, N., Shonowo, A., Thomson, D. R, Elias, P., Elsey, H., ... Kuffer, M.
(2022). “Domains of deprivation framework” for mapping slums, informal
settlements, and other deprived areas in LMICs to improve urban planning and
policy: A scoping review. Computers, Environment and Urban Systems, 93, Article
101770.

Abbott, J. (2003). The use of GIS in informal settlement upgrading: Its role and impact on
the community and on local government. Habitat International, 27, 575-593.

Aditya, T. (2010). Usability issues in applying participatory mapping for neighborhood
infrastructure planning. Transactions in GIS, 14, 119-147.

Aditya, T., Sugianto, A., Sanjaya, A., Susilo, A., Zawani, H., Widyawati, Y. S., & Amin, S.
(2020). Channelling participation into useful representation: Combining digital
survey app and collaborative mapping for national slum-upgrading programme.
Applied Geomatics, 12, 133-148.

Akbar, A., Flacke, J., Martinez, J., & van Maarseveen, M. F. (2021). The role of
participatory village maps in strengthening public participation practice. ISPRS
International Journal of Geo-Information, 10, Article 512.

Alam, S. (2008). Majority world: Challenging the West’s rhetoric of democracy. Amerasia

Journal, 34, 88-98.

Alvarez Larrain, A., & McCall, M. K. (2019). Participatory mapping and participatory GIS

for historical and archaeological landscape studies: A critical review. Journal of
Archaceological Method and Theory, 26, 643-678.

Arnstein, S. R. (1969). A ladder of citizen participation. Journal of the American Institute of

Planners, 35, 216-224.

Assarkhaniki, Z., Sabri, S., & Rajabifard, A. (2021). Using open data to detect the

structure and pattern of informal settlements: An outset to support inclusive SDGs’
achievement. Big Earth Data, 5, 497-526.

Augustinus, C. (2020). Catalysing global and local social change in the land sector

through technical innovation by the United Nations and the Global Land Tool
Network. Land Use Policy, 99, Article 105073.

Babelon, 1., Panek, J., Falco, E., Kleinhans, R., & Charlton, J. (2021). Between

consultation and collaboration: Self-reported objectives for 25 web-based
geoparticipation projects in urban planning. ISPRS International Journal of Geo-
Information, 10, Article 783.

Bakibinga, P., Kabaria, C., Kyobutungi, C., Manyara, A., Mbaya, N., Mohammed, S.,

12

Njeri, A., Azam, L., Igbal, R., Mazaffar, S., Rizvi, N., Rizvi, T., ur Rehman, H., Shifat


http://refhub.elsevier.com/S0197-3975(24)00040-7/sref1
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref1
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref1
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref1
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref1
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref2
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref2
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref3
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref3
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref4
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref4
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref4
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref4
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref5
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref5
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref5
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref6
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref6
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref7
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref7
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref7
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref8
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref8
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref9
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref9
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref9
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref10
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref10
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref10
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref11
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref11
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref11
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref11
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref12
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref12

A. Américo da Silva et al.

Ahmed, S. A. K., Alam, O., Zaman Khan, A., Rahman, O., Yusuf, R., Odubanjo, D., ...
Yeboah, G. (2019). A protocol for a multi-site, spatially-referenced household survey
in slum settings: Methods for access, sampling frame construction, sampling, and
field data collection. BMC Medical Research Methodology, 19, Article 109.

Bandyopadhyay, K. K., & Nagpal, S. (2020). Knowledge and participation: Empowering
Indian urban poor to access public services. International Education Journal:
Comparative Perspectives, 19, 44-57.

Banerjee, P. (2023). Abandon the slum? Toward an alternative recognition of urban
informal dwelling. Journal of Urban History, 49, 600-614.

Banks, N., Lombard, M., & Mitlin, D. (2020). Urban informality as a site of critical
analysis. Journal of Development Studies, 56, 223-238.

Bautes, N., Dupont, V., & Landy, F. (2013). Acting from the slums: Questioning social
movement and resistance. In M. C. Saglio-Yatzimirsky, & F. Landy (Eds.), Megacity
slums: Social exclusion, space and urban policies in Brazil and India (pp. 363-407).
London, UK: Imperial College Press.

Beier, R. (2023). Displaced but happy? Making sense of shantytown dwellers’ divergent views
and experiences of resettlement in Casablanca. City.

Beier, R., Spire, A., & Bridonneau, M. (Eds.). (2021). Urban resettlements in the Global
South: Lived experiences of housing and infrastructure between displacement and
relocation. New York, NY: Routledge.

Berdou, E. (2011). Mediating voices and communicating realities. https://assets.publishing.
service.gov.uk/media/57a08ab7e5274a31e000072e/IDS_MediatingVoices_FinalRe
port.pdf. (Accessed 20 December 2023).

Bisung, E., Elliott, S. J., Abudho, B., Karanja, D. M., & Schuster-Wallace, C. J. (2015).
Using photovoice as a community based participatory research tool for changing
water, sanitation, and hygiene behaviours in Usoma, Kenya. BioMed Research
International, Article 903025.

Bluemke, M., Resch, B., Lechner, C., Westerholt, R., & Kolb, J. P. (2017). Integrating
geographic information into survey research: Current applications, challenges, and
future avenues. Survey Research Methods, 11, 307-327.

Brabham, D. C. (2009). Crowdsourcing the public participation process for planning
projects. Planning Theory, 8, 242-262.

Brom, P., Engemann, K., Breed, C., Pasgaard, M., Onaolapo, T., & Svenning, J. C. (2023).
A decision support tool for green infrastructure planning in the face of rapid
urbanization. Land, 12, Article 415.

Brown, G. (2017). A review of sampling effects and response bias in internet
participatory mapping (PPGIS/PGIS/VGI). Transactions in GIS, 21, 39-56.

Brown, G., & Fagerholm, N. (2015). Empirical PPGIS/PGIS mapping of ecosystem
services: A review and evaluation. Ecosystem Services, 13, 119-133.

Brown, G., & Kyttd, M. (2018). Key issues and priorities in participatory mapping:
Toward integration or increased specialization? Applied Geography, 95, 1-8.

Brown, G., & Pullar, D. V. (2012). An evaluation of the use of points versus polygons in
public participation geographic information systems using quasi-experimental
design and Monte Carlo simulation. International Journal of Geographical Information
Science, 26, 231-246.

Brown, G., Raymond, C. M., & Corcoran, J. (2015). Mapping and measuring place
attachment. Applied Geography, 57, 42-53.

Brown, G., Reed, P., & Raymond, C. M. (2020). Mapping place values: 10 lessons from
two decades of public participation GIS empirical research. Applied Geography, 116,
Article 102156.

Brown, G., Weber, D., & de Bie, K. (2015). Is PPGIS good enough? An empirical
evaluation of the quality of PPGIS crowd-sourced spatial data for conservation
planning. Land Use Policy, 43, 228-238.

Casgrain, A., & Janoschka, M. (2013). Gentrificacién y resistencia en las ciudades
latinoamericanas: El ejemplo de Santiago de Chile. Andamios, 10, 19-44.

Chakraborty, A., Wilson, B., Sarraf, S., & Jana, A. (2015). Open data for informal
settlements: Toward a user’s guide for urban managers and planners. Journal of
Urban Management, 4, 74-91.

Clarke, K. C. (1995). Analytical and computer cartography (2 ed.). Englewood Cliffs, NJ:
Prentice Hall.

Corbett, J. M., & Keller, C. P. (2005). Empowerment and participatory geographic
information and multimedia systems: Observations from two communities in
Indonesia. Information Technologies & International Development, 2, 25-44.

Czepkiewicz, M., Brudka, C., Jankowski, P., Kaczmarek, T., Zwolinski, Z., Mikuta, L., ...
Wojcicki, M. (2016). Public participation GIS for sustainable urban mobility
planning: Methods, applications and challenges. Rozwdj Regionalny i Polityka
Regionalna, 35, 9-35.

de Aratijo, R. P. Z., Moura, A. C. M., & Nogueira, T. D. A. (2018). Creating collaborative
environments for the development of slum upgrading and illegal settlement
regularization plans in Brazil: The Maria Tereza neighborhood case in Belo
Horizonte. International Journal of E-Planning Research, 7, 25-43.

DeGraff, A. K., & Ramlal, B. (2015). Participatory mapping: Caribbean small island
developing states. In Forum on the Future of the Caribbean. St Augustine, Trinidad.

Del Romero, L. (2018). Cartografias de la desigualdad: Una década de conflictos de
vivienda y nuevas resistencias en Santiago de Chile. Analisis del conflicto de la
Maestranza de San Eugenio. EURE, 44, 47-66.

Denwood, T., Huck, J. J., & Lindley, S. (2022). Participatory mapping: A systematic
review and open science framework for future research. Annals of the Association of
American Geographers, 112, 2324-2343.

Dreifuss-Serrano, C., & Cepero-Saravia, J. (2021). Addressing resources to minimize
COVID-19 impact in vulnerable neighborhoods using georeferencing. In 2021 IEEE
International Symposium on Technology and Society (ISTAS). Waterloo, ON: IEEE.

Eilola, S., Kdyhko, N., Ferdinands, A., & Fagerholm, N. (2019). A bird’s eye view of my
village — developing participatory geospatial methodology for local level land use
planning in the Southern Highlands of Tanzania. Landscape and Urban Planning, 190,
Article 103596.

13

Habitat International 147 (2024) 103040

Eitzel, M., Hove, E. M., Solera, J., Madzoro, S., Changarara, A., Ndlovu, D., ... Ndlovu, M.
(2018). Sustainable development as successful technology transfer: Empowerment
through teaching, learning, and using digital participatory mapping techniques in
Mazvihwa, Zimbabwe. Development Engineering, 3, 196-208.

Elwood, S. (2006). Critical issues in participatory GIS: Deconstructions, reconstructions,
and new research directions. Transactions in GIS, 10, 693-708.

Falco, E., & Kleinhans, R. (2018). Digital participatory platforms for co-production in
urban development: A systematic review. International Journal of E-Planning
Research, 7, 52-79.

Falco, E., Zambrano-Verratti, J., & Kleinhans, R. (2019). Web-based participatory
mapping in informal settlements: The slums of Caracas, Venezuela. Habitat
International, 94, Article 102038.

Ferster, C. J., Nelson, T. A., Robertson, C., & Feick, R. (2018). Current themes in
volunteered geographic information. In T. J. Cova, & M. H. Tsou (Eds.), GIS
applications for socio-economics and humanity (pp. 26-41). Amsterdam, the
Netherlands: Elsevier.

Fricker, M. (2007). Epistemic injustice: Power and the ethics of knowing. Oxford, UK: Oxford
University Press.

Fung, A. (2006). Varieties of participation in complex governance. Public Administration
Review, 66, 66-75.

Gebremedhin, E. T., Basco-Carrera, L., Jonoski, A., Iliffe, M., & Winsemius, H. (2020).
Crowdsourcing and interactive modelling for urban flood management. Journal of
Flood Risk Management, 13, Article e12602.

Gedgauda, A. (2013). Digital media (ICT) for development. The use of crowd sourcing maps
as a tool for citizen empowerment and engagement. Case study of Map Kibera project.
Malmo, Sweden: Master thesis submitted to the Malmo Hogskola.

Gevaert, C. M., Sliuzas, R., Persello, C., & Vosselman, G. (2018). Evaluating the societal
impact of using drones to support urban upgrading projects. ISPRS International
Journal of Geo-Information, 7, Article 91.

Go6mez-Barron, J. P., Manso-Callejo, M.A., Alcarria, R., & Iturrioz, T. (2016). Volunteered
geographic information system design: Project and participation guidelines. ISPRS
International Journal of Geo-Information, 5, Article 108.

Goodchild, M. F. (2007). Citizens as sensors: The world of volunteered geography.
Geojournal, 69, 211-221.

Gordon, E., Schirra, S., & Hollander, J. (2011). Immersive planning: A conceptual model
for designing public participation with new technologies. Environment and Planning
B: Planning and Design, 38, 505-519.

Gottwald, S., Albert, C., & Fagerholm, N. (2022). Combining sense of place theory with
the ecosystem services concept: Empirical insights and reflections from a
participatory mapping study. Landscape Ecology, 37, 633-655.

Hachmann, S., Arsanjani, J. J., & Vaz, E. (2018). Spatial data for slum upgrading:
Volunteered Geographic Information and the role of citizen science. Habitat
International, 72, 18-26.

Hammerle, M., Hofle, B., Fuchs, J., Schroder-Ritzrau, A., Vollweiler, N., & Frank, N.
(2014). Comparison of Kinect and terrestrial LIDAR capturing natural karst cave 3-D
objects. IEEE Geoscience and Remote Sensing Letters, 11, 1896-1900.

Handayani, K., & Dianingrum, A. (2023). A review of the role of intermediate partners in
the Community Participatory Mapping project at Slum Upgrading Settlement. In IOP
Conference Series: Earth and Environmental Science. Medan, Indonesia: IOP Publishing,
Article 012024.

Hanzl, M. (2007). Information technology as a tool for public participation in urban
planning: A review of experiments and potentials. Design Studies, 28, 289-307.

Hasanzadeh, K. (2022). Use of participatory mapping approaches for activity space
studies: A brief overview of pros and cons. GeoJournal, 87, 723-738.

Heeks, R., & Shekhar, S. (2019). Datafication, development and marginalised urban
communities: An applied data justice framework. Information, Communication &
Society, 22, 992-1011.

Hu, T., Sun, X., Su, Y., Guan, H., Sun, Q., Kelly, M., & Guo, Q. (2020). Development and
performance evaluation of a very low-cost UAV-LiDAR system for forestry
applications. Remote Sensing, 13, Article 77.

Jankowski, P., Czepkiewicz, M., Mlodkowski, M., Zwoliniski, Z., & Wdjcicki, M. (2019).
Evaluating the scalability of public participation in urban land use planning: A
comparison of Geoweb methods with face-to-face meetings. Environment and
Planning B: Urban Analytics and City Science, 46, 511-533.

Jochem, W. C., & Tatem, A. J. (2021). Tools for mapping multi-scale settlement patterns
of building footprints: An introduction to the R package foot. PLoS One, 16, Article
€0247535.

Kamalipour, H., & Dovey, K. (2019). Mapping the visibility of informal settlements.
Habitat International, 85, 63-75.

Kennedy, L., Sood, A., Chakraborty, D., & Chitta, R. M. (2022). Interrogating data justice
on Hyderabad’s urban frontier: Information politics and the internal differentiation
of vulnerable communities. Information, Communication & Society, 25, 1273-1292.

Kitchenham, B. (2004). Procedures for performing systematic reviews. Keele, UK: Keele
University. Technical Report.

Klopfer, F., Himmerle, M., & Hofle, B. (2017). Assessing the potential of a low-cost 3-D
sensor in shallow-water bathymetry. IEEE Geoscience and Remote Sensing Letters, 14,
1388-1392.

Kombe, W. J. (2005). Land use dynamics in peri-urban areas and their implications on
the urban growth and form: The case of Dar es Salaam, Tanzania. Habitat
International, 29, 113-135.

Kovacic, P., & Lundine, J. (2013). Mapping Kibera: Empowering slum residents by ICT. In
S. Livingston, & G. Walter-Drop (Eds.), Bits and atoms: Information and communication
technology in areas of limited statehood (pp. 115-129). Oxford, UK: Oxford University
Press.

Kuffer, M., Pfeffer, K., & Sliuzas, R. (2016). Slums from space—15 years of slum mapping
using remote sensing. Remote Sensing, 8, Article 455.


http://refhub.elsevier.com/S0197-3975(24)00040-7/sref12
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref12
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref12
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref12
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref13
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref13
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref13
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref14
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref14
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref15
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref15
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref16
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref16
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref16
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref16
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref17
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref17
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref18
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref18
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref18
https://assets.publishing.service.gov.uk/media/57a08ab7e5274a31e000072e/IDS_MediatingVoices_FinalReport.pdf
https://assets.publishing.service.gov.uk/media/57a08ab7e5274a31e000072e/IDS_MediatingVoices_FinalReport.pdf
https://assets.publishing.service.gov.uk/media/57a08ab7e5274a31e000072e/IDS_MediatingVoices_FinalReport.pdf
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref20
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref20
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref20
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref20
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref21
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref21
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref21
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref22
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref22
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref23
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref23
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref23
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref24
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref24
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref25
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref25
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref26
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref26
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref27
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref27
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref27
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref27
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref28
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref28
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref29
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref29
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref29
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref30
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref30
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref30
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref31
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref31
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref32
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref32
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref32
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref33
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref33
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref34
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref34
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref34
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref35
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref35
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref35
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref35
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref36
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref36
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref36
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref36
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref37
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref37
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref38
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref38
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref38
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref39
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref39
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref39
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref40
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref40
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref40
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref41
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref41
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref41
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref41
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref42
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref42
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref42
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref42
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref43
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref43
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref44
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref44
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref44
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref45
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref45
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref45
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref46
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref46
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref46
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref46
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref47
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref47
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref48
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref48
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref49
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref49
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref49
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref50
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref50
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref50
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref51
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref51
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref51
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref52
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref52
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref52
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref53
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref53
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref54
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref54
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref54
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref55
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref55
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref55
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref56
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref56
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref56
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref57
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref57
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref57
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref58
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref58
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref58
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref58
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref59
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref59
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref60
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref60
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref61
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref61
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref61
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref62
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref62
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref62
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref63
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref63
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref63
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref63
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref64
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref64
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref64
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref65
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref65
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref66
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref66
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref66
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref67
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref67
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref68
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref68
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref68
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref69
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref69
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref69
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref70
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref70
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref70
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref70
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref71
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref71

A. Américo da Silva et al.

Kuffer, M., Wang, J., Thomson, D. R., Georganos, S., Abascal, A., Owusu, M., &
Vanhuysse, S. (2021). Spatial information gaps on deprived urban areas (slums) in
low-and-middle-income-countries: A user-centered approach. Urban Science, 5,
Article 72.

Laituri, M., Luizza, M. W., Hoover, J. D., & Allegretti, A. M. (2023). Questioning the
practice of participation: Critical reflections on participatory mapping as a research
tool. Applied Geography, 152, Article 102900.

Lapaine, M. (2011). Mollweide map projection. KoG, 15, 7-16.

Leonita, G., Kuffer, M., Sliuzas, R., & Persello, C. (2018). Machine learning-based slum
mapping in support of slum upgrading programs: The case of bandung city,
Indonesia. Remote Sensing, 10, Article 1522.

Leszczynski, A. (2016). Speculative futures: Cities, data, and governance beyond smart
urbanism. Environment & Planning A: Economy and Space, 48, 1691-1708.

Lindner, C., Degbelo, A., Vassanyi, G., Kundert, K., & Schwering, A. (2023). The
SmartLandMaps approach for participatory land rights mapping. Land, 12, Article
2043.

Liu, L., Olteanu-Raimond, A. M., Jolivet, L., Bris, A.l., & See, L. (2021). A data fusion-
based framework to integrate multi-source VGI in an authoritative land use
database. International Journal of Digital Earth, 14, 480-509.

Loggia, C., & Govender, V. (2019). A hybrid methodology to map informal settlements in
Durban, South Africa. Proceedings of the Institution of Civil Engineers, 173, 257-268.

Logie, C. H., Van Borek, S., Lad, A., Gittings, L., Kagunda, J., Evelia, H., Gachoki, C.,
Oyugi, K., Chege, M. W., Omondi, B., Okuto, M., & Taing, L. (2023). A creative
approach to participatory mapping on climate change impacts among very young
adolescents in Kenya. Journal of Global Health Reports, 7, Article e2023036.

Luque-Ayala, A., & Neves Maia, F. (2019). Digital territories: Google Maps as a political
technique in the re-making of urban informality. Environment and Planning D: Society
and Space, 37, 449-467.

MacEachren, A. M., & Fraser Taylor, D. R. (Eds.). (1994). Visualization in modern
cartography. Cambridge, MA: Blackwell.

MacEachren, A. M., & Kraak, M. J. (1997). Exploratory cartographic visualization:
Advancing the agenda. Computers & Geosciences, 23, 335-343.

Martinez, J., Pfeffer, K., & Baud, I. (2016). Factors shaping cartographic representations
of inequalities. Maps as products and processes. Habitat International, 51, 90-102.

Mdemu, M., Kimaro, E., Tafula, M., de Sousa, W., Moyo, M., Parry, K., Bjornlund, H.,
Mukwakwami, N., & Ramshaw, P. (2023). Participatory mapping of irrigation
schemes in Tanzania, Mozambique and Zimbabwe and their value for multi-level
learning. Agricultural Water Management, 290, Article 108591.

Mdleleni, A. Z., Rautenbach, V., & Coetzee, S. M. (2020). Visualizing life in an informal
settlement of South Africa using web maps and story maps. In The International
Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, XLIII-
B4-2020 pp. 615-622). Copernicus, Nice, France: XXIV ISPRS Congress, Commission
V.

Membele, G. M., Naidu, M., & Mutanga, O. (2024). Application of analytic network
process (ANP), local and indigenous knowledge in mapping flood vulnerability in an
informal settlement. Natural Hazards, 120, 2929-2951.

Mitlin, D., & Satterthwaite, D. (2013). Urban poverty in the Global South: Scale and nature.
Oxon, UK: Routledge.

Mocnik, F.-B. (2022). Putting geographical information science in place — towards
theories of platial information and platial information systems. Progress in Human
Geography, 46, 798-828.

Mocnik, F.-B. (2023). Why we can read maps. Cartography and Geographic Information
Science, 50, 1-19.

Moreri, K. K. (2019). The role of volunteered geographic information in land administration
systems in developing countries. Newcastle, UK: Ph.D. thesis. Newcastle University.

Moura, A. C. M., & Freitas, C. R. (2021). Co-creation of ideas in geodesign process to
support opinion and decision making: Case study of a slum in Minas Gerais, Brazil. In
International Conference on Innovation in Urban and Regional Planning 2021 (INPUT
2021) (pp. 255-264). Cham, Switzerland: Springer.

Moura, A. C. M., Zyngier, C. M., Sena, i. S., & Freitas, V. T. (2021). Geodesign
experiments in areas of social vulnerability in the Iron Quadrangle, Minas Gerais,
Brazil. Land, 10, Article 958.

Ndemo, B. (2020). Slum digitisation, its opponents and allies in developing smart cities:
The case of Kibera, Nairobi. In S. Hawken, H. Han, & C. Pettit (Eds.), Open cities —
open data (pp. 129-148). Singapore: Springer.

Neves Maia, F. (2018). Smart urbanism and the politics of digital visibility: Mapping
informality in the city of Rio de Janeiro (2008-2016). Rio de Janeiro, Brazil: Ph.D.
thesis. Universidade Federal do Rio de Janeiro.

Nicolosi, E., French, J., & Medina, R. (2020). Add to the map! Evaluating digitally
mediated participatory mapping for grassroots sustainabilities. The Geographical
Journal, 186, 142-155.

O’Brien, A. M., & Mc Guckin, C. (2016). The systematic literature review method: Trials and
tribulations of electronic database searching at doctoral level. London, UK: SAGE.

Olson, R., Hackett, J., & DeRoy, S. (2016). Mapping the digital terrain: Towards
indigenous geographic information and spatial data quality indicators for indigenous
knowledge and traditional land-use data collection. The Cartographic Journal, 53,
348-355.

Panek, J. (2013). The commercialisation of public data — how does participatory data-
mining look on a global scale? South African Journal of Geomatics, 2, 231-245.
Panek, J. (2016). From mental maps to GeoParticipation. The Cartographic Journal, 53,

300-307.

Panek, J., Glass, M. R., & Marek, L. (2020). Evaluating a gentrifying neighborhood’s
changing sense of place using participatory mapping. Cities, 102, Article 102723.

Panek, J., & Netek, R. (2019). Collaborative mapping and digital participation: A tool for
local empowerment in developing countries. Information, 10, Article 255.

14

Habitat International 147 (2024) 103040

Panek, J., & Sobotova, L. (2015). Community mapping in urban informal settlements:
Examples from Nairobi, Kenya. The Electronic Journal on Information Systems in
Developing Countries, 68, 1-13.

Pocewicz, A., Nielsen-Pincus, M., Brown, G., & Schnitzer, R. (2012). An evaluation of
internet versus paper-based methods for public participation geographic information
systems (PPGIS). Transactions in GIS, 16, 39-53.

Purves, R. S., Winter, S., & Kuhn, W. (2019). Places in information science. Journal of the
Association for Information Science and Technology, 70, 1173-1182.

Purwitaningsih, S., Sartohadi, J., Muta’ali, L., & Da Costa, A. D. (2022). Empowering
local leaders in flood inundation mapping in Bagelen, Purworejo, Central Java.
Jamba: Journal of Disaster Risk Studies, 14, Article a1298.

Ragheb, A., & El-Ashmawy, R. (2021). Strategic actions of urban development to define
the intervention policies of slums. City, Territory and Architecture, 8, Article 10.

Rambaldi, G., Kyem, P. A. K., McCall, M., & Weiner, D. (2006). Participatory spatial
information management and communication in developing countries. The Electronic
Journal of Information Systems in Developing Countries, 25, 1-9.

Ramirez-Gomez, S. O., Brown, G., & Fat, A. T. S. (2013). Participatory mapping with
indigenous communities for conservation: Challenges and lessons from Suriname.
The Electronic Journal of Information Systems in Developing Countries, 58, 1-22.

Ranabhat, K., & Paudyal, D. R. (2019). Smartphone-based volunteered geographic
information (VGI) for slum mapping in Pokhara City of Nepal. In The International
Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, XLII-
5/W3 pp. 91-97). Dhulikhel, Nepal: International Workshop on “Capacity Building
and Education Outreach in Advanced Geospatial Technologies and Land
Management”. Copernicus.

Reed, A. R. (2019). Racialized space: Children map the post-apartheid landscape. Visual
Anthropology Review, 35, 162-175.

Roza, V. (2022). Exploring the use of open data to support citizen-led initiatives for sustainable
urban development in East Africa. Nottingham, UK: Ph.D. thesis. University of
Nottingham.

Rzeszewski, M., & Kotus, J. (2019). Usability and usefulness of internet mapping
platforms in participatory spatial planning. Applied Geography, 103, 56-69.

Sandoval, V., & Sarmiento, J. P. (2020). A neglected issue: Informal settlements, urban
development, and disaster risk reduction in Latin America and the Caribbean.
Disaster Prevention and Management, 29, 731-745.

Santos, A. P., Pessoa Colombo, V., Heider, K., & Rodriguez-Lopez, J. M. (2023).
Comparing volunteered data acquisition methods on informal settlements in Mexico
City and Sao Paulo: A citizen participation ladder for VGI. In S. Lopez (Ed.), Socio-
environmental research in Latin America: Interdisciplinary approaches using GIS and
remote sensing frameworks (pp. 255-280). Cham, Switzerland: Springer.

Scassa, T., Engler, N. J., & Taylor, D. F. (2015). Legal issues in mapping traditional
knowledge: Digital cartography in the Canadian north. The Cartographic Journal, 52,
41-50.

Serrano, J. S. (2009). Evaluation of the occupation and evacuation of Penalolen
settlement, Santiago de Chile. Open House International, 34, 5-17.

Singh, P. K., & Chudasama, H. (2023). Geo-information-enabled village level micro-
planning for enhancing common good. Technological Forecasting and Social Change,
189, Article 122336.

Sliuzas, R., Kuffer, M., Pfeffer, K., Gevaert, C., & Persello, C. (2017). Slum mapping: From
space to unmanned aerial vehicle based approaches. In Joint Urban Remote Sensing
Event 2017 (JURSE 2017), Dubai, UAE.

Soman, S., Beukes, A., Nederhood, C., Marchio, N., & Bettencourt, L. M. (2020). Worldwide
detection of informal settlements via topological analysis of crowdsourced digital
maps. ISPRS International Journal of Geo-Information, 9, Article 685.

Tapia-McClung, R. (2016). A digital platform to support citizen-government interactions
from volunteered geographic information and crowdsourcing in Mexico City. In
Computational Science and its Applications — ICCSA 2016: 16th International Conference,
proceedings, Part III (pp. 167-182). Beijing, China: Springer.

Taylor, L., & Broeders, D. (2015). In the name of development: Power, profit and the
datafication of the Global South. Geoforum, 64, 229-237.

Thom, B., Colombi, B. J., & Degai, T. (2016). Bringing indigenous Kamchatka to Google
Earth: Collaborative digital mapping with the Itelmen peoples. Sibirica, 15, 1-30.

Thompson, M. M. (2016). Upside-down GIS: The future of citizen science and community
participation. The Cartographic Journal, 53, 326-334.

Thomson, D. R., Kuffer, M., Boo, G., Hati, B., Grippa, T., Elsey, H., ... Kabaria, C. (2020).
Need for an integrated deprived area “slum” mapping system (IDEAMAPS) in low-
and middle-income countries (LMICs). Social Sciences, 9, Article 80.

Thomson, D. R., Shitole, S., Shitole, T., Sawant, K., Subbaraman, R., Bloom, D. E., & Patil-
Deshmukh, A. (2014). A system for household enumeration and re-identification in
densely populated slums to facilitate community research, education, and advocacy.
PLoS One, 9, Article €93925.

Tulloch, D. L. (2007). Many, many maps: Empowerment and online participatory
mapping. First Monday, 12, Article 1620.

United Nations Habitat. (2022). World cities report 2022: Envisaging the future of cities.
https://unhabitat.org/sites/default/files/2022/06/wcr_2022.pdf. (Accessed 14
December 2023).

United Nations Human Settlements Programme. (2015). UN-HABITAT activities report.
Annual progress report. Nairobi, Kenya: United Nations.

United Nations Statistics Division. (2022). The sustainable development goals report. Annual
progress report. New York, NY: United Nations.

Ventorini, S. E., de Menezes, A. L. T., Rabelo, F. D. B., Possa, E. M., do Amaral
Figueiredo, M., Rocha, L. C,, ... dos Santos Silva, P. (2024). Mapping riverside
communities in Tefé—Amazonas—Brazil. Aguay y Territorio, 23, Article e7283.

Vergara-Perucich, F., & Arias-Loyola, M. (2021). Community mapping with a public
participation geographic information system in informal settlements. Geographical
Research, 59, 268-284.


http://refhub.elsevier.com/S0197-3975(24)00040-7/sref72
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref72
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref72
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref72
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref73
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref73
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref73
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref74
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref75
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref75
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref75
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref76
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref76
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref77
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref77
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref77
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref78
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref78
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref78
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref79
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref79
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref80
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref80
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref80
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref80
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref81
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref81
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref81
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref82
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref82
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref83
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref83
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref84
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref84
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref85
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref85
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref85
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref85
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref86
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref86
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref86
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref86
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref86
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref87
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref87
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref87
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref88
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref88
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref89
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref89
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref89
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref90
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref90
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref91
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref91
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref92
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref92
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref92
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref92
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref93
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref93
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref93
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref94
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref94
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref94
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref95
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref95
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref95
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref96
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref96
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref96
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref97
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref97
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref98
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref98
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref98
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref98
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref99
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref99
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref100
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref100
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref101
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref101
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref102
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref102
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref103
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref103
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref103
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref104
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref104
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref104
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref105
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref105
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref106
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref106
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref106
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref107
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref107
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref108
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref108
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref108
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref109
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref109
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref109
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref110
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref110
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref110
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref110
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref110
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref110
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref111
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref111
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref112
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref112
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref112
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref113
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref113
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref114
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref114
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref114
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref115
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref115
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref115
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref115
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref115
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref116
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref116
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref116
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref117
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref117
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref118
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref118
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref118
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref119
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref119
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref119
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref120
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref120
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref120
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref121
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref121
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref121
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref121
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref122
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref122
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref123
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref123
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref124
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref124
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref125
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref125
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref125
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref126
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref126
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref126
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref126
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref127
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref127
https://unhabitat.org/sites/default/files/2022/06/wcr_2022.pdf
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref129
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref129
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref130
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref130
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref131
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref131
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref131
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref132
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref132
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref132

A. Américo da Silva et al.

Vilches-Blazquez, L. M., & Ramos, J.A. (2021). Semantic conflation in GIScience: A
systematic review. Cartography and Geographic Information Science, 48, 512-529.

Wagner, D., Zipf, A., & Westerholt, R. (2020). Place in the GIScience community — an
indicative and preliminary systematic literature review. In F.-B. Mocnik, &
R. Westerholt (Eds.), Proceedings of the 2nd International Symposium on Platial
Information Science (PLATIAL’19), Coventry, UK (pp. 13-22).

Wallerstein, N. B., & Duran, B. (2006). Using community-based participatory research to
address health disparities. Health Promotion Practice, 7, 312-323.

Wang, J., & Schwering, A. (2015). Invariant spatial information in sketch maps — a study
of survey sketch maps of urban areas. Journal of Spatial Information Science, 31-52.

Westerholt, R. (2019). Methodological aspects of the spatial analysis of geosocial media
feeds: From locations towards places. gis.Science: Die Zeitschrift fiir Geoinformatik, 31,
65-76.

15

Habitat International 147 (2024) 103040

Weyer, D., Bezerra, J. C., & De Vos, A. (2019). Participatory mapping in a developing
country context: Lessons from South Africa. Land, 8, Article 134.

Wynne-Jones, S., North, P., & Routledge, P. (2015). Practising participatory geographies:
Potentials, problems and politics. Area, 47, 218-221.

Yeboah, G., Porto de Albuquerque, J., Troilo, R., Tregonning, G., Perera, S., Ahmed, S. A.,
Ajisola, M., Alam, O., Aujla, N., Azam, S. I., Azeem, K., Bakibinga, P., Chen, Y. F.,
Choudhury, N. N, Diggle, P. J., Fayehun, O., Gill, P., Griffiths, F., Harris, B., ...
Yusuf, R. (2021). Analysis of OpenStreetMap data quality at different stages of a
participatory mapping process: Evidence from slums in Africa and Asia. ISPRS
International Journal of Geo-Information, 10, Article 265.

Zhang, S. (2019). Public participation in the Geoweb era: Defining a typology for geo-
participation in local governments. Cities, 85, 38-50.


http://refhub.elsevier.com/S0197-3975(24)00040-7/sref133
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref133
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref134
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref134
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref134
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref134
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref135
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref135
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref136
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref136
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref137
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref137
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref137
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref138
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref138
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref139
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref139
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref140
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref140
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref140
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref140
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref140
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref140
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref141
http://refhub.elsevier.com/S0197-3975(24)00040-7/sref141

	Mapping the margins: A systematic scoping review of the impact of digital mapping on public participation in informal settl ...
	1 Introduction
	2 Terms and concepts
	2.1 Digital mapping
	2.2 Public participation
	2.3 Informal settlements

	3 State of the art
	4 Methodology
	4.1 Problem definition
	4.2 Search strategy
	4.3 Abstract screening
	4.4 Analysis strategy

	5 Results and discussion
	5.1 Descriptive characterization
	5.1.1 Case study locations
	5.1.2 Employed mapping tools
	5.1.3 Type of data used or generated
	5.1.4 Replicability

	5.2 Digital mapping approaches
	5.3 Impact of digital mapping on participation
	5.4 Additional findings

	6 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	A List of included articles
	References


