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Abstract: Crowdsourcing could potentially have great benefits for the development of sustainable
cities in the Global South (GS), where a growing population and rapid urbanization represent serious
challenges for the years to come. However, to fulfill this potential, it is important to take into
consideration the unique characteristics of the GS and the challenges associated with them. This
study provides an overview of the crowdsourcing methods applied to public participation in urban
planning in the GS, as well as the technological, administrative, academic, socio-economic, and
cultural challenges that could affect their successful adoption. Some suggestions for both researchers
and practitioners are also provided.

Keywords: crowdsourcing; Global South; urban planning; developing countries; public participation;
big urban data

1. Introduction

Although the concept of crowdsourcing is fairly recent [1], the idea of engaging the
public and non-experts in problem-solving and data collection has a long history in both
research and practice. In 1936, the Japanese company Toyota (then Toyoda) organized a
public contest for the design of its new logo [2]. In total, 27,000 designs were submitted,
and the best logo was selected and used between 1936 and 1989. In the 1960s, public
advocacy theory [3] (emphasized the importance of public participation in urban planning.
Other concepts, such as citizen science, and Public Participation Geographic Information
Systems (PPGIS), follow the same principle of engaging the public to participate in the
design and implementation of solutions to various problems regardless of their level of
expertise. With the upsurge of the Internet, researchers and practitioners had to rethink the
ways in which public participation is carried out and re-assess the societal transformation
that comes with it. This led to the emergence of crowdsourcing, “a web-based business
model requiring voluntary open collaboration to develop innovative solutions” [1]. By
tapping into a large and diverse pool of stakeholders through the Internet and Web 2.0
technologies, crowdsourcing, as a public participation method, has alleviated the spatial
and temporal constraints that are associated with the aforementioned methods.

The term Global South (GS) has several definitions which have economic, geopolitical,
and cultural implications. Economically speaking, the GS groups developing countries
characterized by, among other indicators, medium and low human development index
(HDI less than 0.8). Geographically speaking, most of the GS is in the southern hemisphere
and regroups African, Southern and Central American, and Asian countries (with the
exception of Japan, South Korea, and Singapore). Due to their limited resources, these
countries struggle to develop plans that could effectively address the challenges faced by
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contemporary cities. For example, in the Asia-Pacific region, over 50% of the Sustainable
Development Goals (SDGs) cannot be measured due to a lack of data [4]. Fraisl et al. [5,6]
have demonstrated that crowdsourcing could help monitor SDG indicators. Thus, crowd-
sourcing could be very useful to these countries as it allows gathering useful data, which in
turn could support better-informed policies. From a historical point of view, most of these
countries are former European colonies. As such, the traditional urban planning method
consisted mainly of copying strategies implemented in the former colonial power [7,8].
However, these strategies are rarely successful as they fail to take into account the unique
challenges faced by developing countries [9]. With its participatory approach, crowd-
sourcing could provide a platform that taps into the citizens’ local knowledge to identify
the main challenges faced by cities in the GS. This, in turn, could help planners better
define their priorities and implement policies that meet the needs of the local communities.
Furthermore, this democratized planning process through public participation can lead to
more transparency and greater citizens’ acceptance of public decisions [10].

In the Global North, crowdsourcing has helped democratize the planning process,
empower citizens, provide low-cost data for real-time planning, and helped mitigate
the limitations of traditional data collection methods such as census data [11–15]. In
America, Thiagarajan et al. [12] used low-cost, grassroots GPS tracking solutions to improve
riders’ transit experience (e.g., reduction of waiting time), while Griffin and Jiao [15]
demonstrated that collecting data through crowdsourcing increased the inclusiveness of the
participatory planning process from the perspective of geography and equity. In Australia,
K. Hu et al. [14] developed a low-cost participatory sensing system (called HazeWatch) for
urban air pollution monitoring which yields more accurate measurements than the existing
government system. The HazeWatch system provides a better understanding of the health
impact of air pollution in metropolitan areas. In Italy, MiraMap [13], a we-government
platform, helps facilitate the collaboration between the public and the administration while
promoting social inclusion, transparency, and accountability in smart city management.
These examples in the Global North show the potential value crowdsourcing could have for
the GS, which is characterized by limited resources, low or inexistent citizen participation,
and a lack of transparency, accountability, and data-driven planning methods.

However, despite these possible advantages, the potential of crowdsourcing remains
to be exploited in the GS. This is even more true in Africa, where most urban studies rely on
qualitative analysis or traditional data collection methods (survey questionnaires) instead
of quantitative methods that require abundant and reliable data [16]. This affects the relia-
bility of the findings and limits the effectiveness of the policies that could be implemented
from the existing literature. Furthermore, the existing reviews on crowdsourcing in urban
studies mainly provide a global overview of the literature [17–22]. These studies provide a
clear understanding of the methods and challenges associated with the use of crowdsourc-
ing. However, the GS faces specific cultural, technological, political, and administrative
challenges which could greatly impact the successful use of crowdsourcing in this part
of the world. To fill this gap, this paper presents a review of the crowdsourcing research
efforts conducted in the GS. More specifically, this study describes the crowdsourcing
methods adopted in the GS as well as the main areas of application. The methods described
focus on public engagement to support urban planning. Therefore, crowdsourcing in this
context mainly consists of data collected and shared by the public through mobile devices
(GPS tracking, crash reporting, environment monitoring, etc.) and/or local knowledge
shared through collaborative websites (crime mapping, flood mapping, idea generation
for smart city management, etc.). Furthermore, drawing from the descriptive statistics of
the reviewed papers as well as the characteristics of the GS, the paper also discusses the
challenges that could hinder the implementation of crowdsourcing. Finally, it suggests
some solutions that could be useful to developing countries in general. This approach has
some advantages, which could lead to significant contributions to the existing literature:

• By providing an overview of the main areas of research, we identify the domains
where more research is needed in the future;
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• Drawing lessons from countries that share the same historical, social, and economical
experiences seems more logical than copying methods adopted in the developed world
and could lead to more realistic solutions.

The remainder of this paper is organized as follows. The next section discusses the
concept of crowdsourcing and adapts it to the context of this study. Section 3 outlines
the review method and provides a summary of the reviewed literature. Sections 4 and 5
identify the main areas of application and methods, respectively. Section 6 discusses the
challenges associated with the development of crowdsourcing methods in the GS and
provides suggestions for future implementations. Section 7 concludes this study.

2. Crowdsourcing: Definitions

Since Howe [1], several studies have provided different definitions of crowdsourcing.
These definitions are important as they provide a basis for what should be considered
crowdsourcing and what should not. For example, some studies perceive YouTube and
Wikipedia as crowdsourcing [23] while others do not [24].

In urban planning, concepts such as problem-solving, idea generation, and collabo-
rative mapping are widely accepted as crowdsourcing [23,25–27], while data collection
methods such as social media scraping and crowdsensing are subject for debate [25,28]
Brabham [25] defines crowdsourcing as a top-down approach to solving planning problems.
This definition includes approaches such as idea generation for smart city solutions [23,29]
but excludes data collection methods such as crowdsensing, Public Participation Geo-
graphic Information Systems (PPGIS), social media, etc. Nakatsu et al. [28] argue for a
broader definition that includes “geo-located data collection” (e.g., GPS tracking, a form of
crowdsensing) but excludes social media. Their main argument for excluding social media
was the absence of explicit outsourcing of a task to the crowd. Furthermore, although
social media have been widely adopted as crowdsourced data, the method usually consists
of extracting people’s posts (social media scraping) through Application Programming
Interfaces (APIs) without their consent. This could raise some ethical concerns as the people
whose posts are extracted may not be willing to participate in data collection. Besides,
Howe, who introduced the concept of crowdsourcing, also defined it as a voluntary process.
Finally, Estellés-Arolas and González-Ladrón-De-Guevara [24] have provided a definition
of crowdsourcing based on a thorough review of the existing literature. They found volun-
tary participation and a clearly defined task among the main criteria for crowdsourcing.
Based on the aforementioned studies, the adoption of methods that do not necessarily
require voluntary participation (such as social media scraping and crowdsensing) may be
problematic. However, it would be too simplistic to discard all studies using social media
or crowdsensing without exploring cases where the participation is voluntary and the task
clearly defined. The next subsections address this issue in detail.

2.1. Social Media Data

Although most studies use social media scraping, there are specific cases in which the
methods described meet the criteria we described above. These cases are:

• Voluntary participation in dedicated social media groups or pages. Dedicated social
media pages can be open platforms for citizen engagement. In this case, the task
could consist of submitting complaints (e.g., HarassMapEgypt, a Facebook page [30]),
participating in e-governance or sharing citizen sensing data (e.g., pictures, videos,
etc.), etc. (see Section 5.3).

• Studies using social media scraping as a primary data collection method and another
crowdsourcing method (usually Open Street Map, OSM) as a secondary dataset. We
believe such studies to be of importance as they demonstrate how crowdsourcing
could complement other datasets.
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2.2. Crowdsensing

Crowdsensing leverages the proliferation of low-cost sensing devices and citizen
engagement for collecting and sharing data in different domains (environment monitoring,
traffic management, waste management, etc.). Participation in crowdsensing can be vol-
untary or non-voluntary. For example, a crowdsensing application can combine sensing
data (e.g., GPS data) with lobation-based service network datasets such as social media
check-ins [31]. Thus, similar to social media, we will carefully identify the studies in which
participation in crowdsensing is voluntary.

Web-based PPGIS has also been used to crowdsource data for urban planning [32]. Some
Web-based PPGIS projects provide an online platform where participants can share local
knowledge through open calls, which is consistent with the basic principles of crowdsourcing.

Therefore, in line with the arguments discussed above, we adopt a broader definition
of crowdsourcing which covers voluntary crowdsensing, dedicated social media campaigns,
and collaborative websites (web-based PPGIS, collaborative mapping, and idea generation).

3. Method and Descriptive Statistics of the Reviewed Papers
3.1. Literature Search

In this section, we adopt the PRISMA [33] method to search for the core literature used
in this study. PRISMA (Figure 1) consists of the following steps: identification, screening,
eligibility, and inclusion. We discuss each step below.

Sustainability 2022, 14, x FOR PEER REVIEW 5 of 23 
 

 

Figure 1. Literature search based on the PRISMA framework. 

During the identification, we used the SCOPUS database to search for articles cor-

responding to our keywords. Based on the research objectives, keywords related to 

“crowdsourcing,” “urban planning,” and “Global South” should be identified (Table 1). 

Drawing from the discussion in Section 2, the main keywords related to “crowdsourc-

ing” are VGI, PPGIS, PGIS, crowdsensing, etc. “Urban planning” was split into two 

keywords: “urban” (town, city, etc.) and “planning” (management, planning, and poli-

cy). The main difficulty was finding keywords related to “Global South,” as several 

studies do not have specific keywords for the GS. Instead, they use the name of the 

country or city in their abstract, title, or keywords. In order to include as many articles as 

possible, “Global South” was left out of the keywords and checked during the screening 

stage. 

Table 1. List of possible keywords for each theme. 

Crowdsourcing Urban Planning 

crowd*sourc* 

participatory sensing 

crowd*sensing 

VGI/volunteered geographic information 

participatory GIS/PGIS/ 

participatory geographic information system* 

PPGIS/public participation geographic information 

system*/ 

user*generated content 

urban 

residential 

city/cities/town 

planning 

management 

policy/policies 

Using the keywords displayed in Table 1, we generated the following query: 

Figure 1. Literature search based on the PRISMA framework.

During the identification, we used the SCOPUS database to search for articles corre-
sponding to our keywords. Based on the research objectives, keywords related to “crowd-
sourcing,” “urban planning,” and “Global South” should be identified (Table 1). Drawing
from the discussion in Section 2, the main keywords related to “crowdsourcing” are VGI,
PPGIS, PGIS, crowdsensing, etc. “Urban planning” was split into two keywords: “urban”
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(town, city, etc.) and “planning” (management, planning, and policy). The main difficulty
was finding keywords related to “Global South,” as several studies do not have specific
keywords for the GS. Instead, they use the name of the country or city in their abstract, title,
or keywords. In order to include as many articles as possible, “Global South” was left out
of the keywords and checked during the screening stage.

Table 1. List of possible keywords for each theme.

Crowdsourcing Urban Planning

crowd*sourc*
participatory sensing

crowd*sensing
VGI/volunteered geographic information

participatory GIS/PGIS/
participatory geographic information system*

PPGIS/public participation geographic
information system*/

user*generated content

urban
residential

city/cities/town

planning
management

policy/policies

Using the keywords displayed in Table 1, we generated the following query:
TITLE-ABS-KEY ((crowd*sourc* OR “participatory sensing” OR crowd*sensing OR vgi
OR “volunteered geographic information” OR “participatory gis” OR
“participatory geographic information system*” OR “public participation
geographic information system*” OR *pgis OR “user*generated content”)
AND (urban OR residential OR city OR cities OR town)
AND (planning OR management OR policy OR policies))
AND (LIMIT-TO (SRCTYPE, “j”))
AND (LIMIT-TO (DOCTYPE, “ar”))
AND (LIMIT-TO (LANGUAGE, “English”))
The query above searches for journal articles written in English and corresponding to

the keywords described in Table 1. The literature search was first performed in March 2021
and repeated in late December 2021 in order to find the latest articles. In total, 591 articles
were obtained from SCOPUS. An additional 29 papers were obtained from other sources
(references of selected papers and other reading materials), giving a total of 620 articles.

After removing the duplicates, the remaining articles were screened for relevance and
geographic location. The articles corresponding to our research objectives and investigating
cities of the GS were retained. A total of 144 articles were obtained at the end of this process.

The available articles from the remaining 144 were downloaded and checked for
eligibility based on the following criteria. First, one of the main objectives of this study was
to explore the crowdsourcing methods adopted in the GS and their associated challenges.
Thus, only studies with a clearly detailed methodology were retained. Second, studies
where the data were extracted without the knowledge of the users (social media scraping,
non-voluntary crowdsensing, etc.) represented a large portion of the available literature
and had to be removed manually. Using the aforementioned criteria, we further screened
the database and obtained a final core literature of 78 papers (see Supplementary Materials).
The following section provides the descriptive statistics of the reviewed papers.

3.2. Descriptive Statistics
3.2.1. Source Titles and Article Frequency

Table 2 shows that the most represented journals are Remote Sensing (6 articles),
Sustainability (5), IEEE Access, Cities, and the International Journal of Geographical Infor-
mation Science (3). Sustainability, IEEE Access, and PloS One are all Open Access (OA)
journals. Furthermore, 25 out of the 78 papers were published in OA journals (about
32%). More OA journals are needed as most researchers in the GS cannot afford journal
subscriptions. Open Access journals would be a good way to democratize access to the
latest findings and methods in this research area.
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Table 2. Top source titles (with at least two articles).

Source Title Frequency

Remote Sensing 6

Sustainability 5

Cities 3

IEEE Access 3

International Journal of Geographical Information Science 3

GeoJournal 2

Journal of Flood Risk Management 2

Journal of Universal Computer Science 2

PLoS ONE 2

There are also many GIS/engineering journals, which may seem surprising. Given
the research topic, one may expect more journals with a planning focus. However, several
studies also tried to demonstrate how crowdsourcing could complement other methods,
such as remote sensing, to solve the data scarcity problems of the GS [34]. These studies
may target non-planning journals such as Remote Sensing Furthermore, several studies
tried to optimize the crowdsourcing methods (through new incentive mechanisms, more
privacy, better coverage, etc.) using advanced computer and engineering methods [35].
Such studies may target more engineering-oriented journals such as the IEEE series. The
presence of GIS journals is mainly due to the fact that several crowdsourcing methods
use VGI data (e.g., OSM, web-based PPGIS, etc.). However, all reviewed papers address
important urban planning issues and could be of tremendous value for the GS.

All reviewed papers were published in the last 12 years, and the increasing numbers
are evidence of a growing interest in the application of crowdsourcing methods in the GS
(see Figure 2a).

3.2.2. Large Contribution from China and Researchers Outside the GS

Figure 2b shows that most of the research was conducted by researchers affiliated with
Chinese institutes or those outside the GS (United States, United Kingdom, Germany, etc.).
In terms of study areas (Figure 2c,d), 38% of the research was conducted in China, followed
by 25% in Central and South America (Brazil, Argentina, Guatemala, etc.), 19% in the
other parts of Asia (India, Iran, Pakistan, etc.), and 18% in Africa (South Africa, Egypt,
Morocco, etc.). There was no contribution from the Pacific Islands.

These numbers show the large domination of China in this research field (both in
terms of affiliations and study area). Meanwhile, the other areas of the GS are largely
covered by researchers outside the region.

3.2.3. Research Areas

Table 3 shows the main research areas covered in the reviewed papers. We can see
that urban morphology and transportation are the most represented areas (16 papers each),
followed by environmental monitoring (13 papers). Papers that demonstrate the potential
of crowdsourcing as a data collection method, as well as techniques to optimize it and those
that assess crowdsourcing tools/methods, represent an important portion of the reviewed
papers (9 papers each). Other areas such as urban demographics, disaster detection and
management, and smart city management are also covered. The next section provides a
detailed description of the main research areas and their key aspects.
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Table 3. Main research areas.

Main Research Areas Key Aspects Number of Papers

Urban morphology
Land use, urban landscape, effects of urban forms on physical activities,
housing & urban development (neighborhood infrastructure planning,
housing schemes, urban development control).

16

Urban transportation

Traffic signal control, public transportation, cycling, traffic flow,
intelligent transportation systems (ITS), traffic safety, shared mobility
services, parking, multimodal transportation, accessibility, and travel
behavior analysis (e.g., route planning, travel pattern analysis, etc.).

16

Environmental monitoring and
management

Air quality monitoring (temperature, vehicular emission), sentiment
analysis on environmental issues, pollution of coastal zones, waste
management, and air quality decision support systems.

13

Urban Data collection
and optimization

Introduction of crowdsourcing for urban data collection, optimization
of collaborative data collection: distribution, incentive mechanisms,
data privacy, data forwarding mechanisms in the context of
urban planning.

9

Assessment of Crowdsourcing
methods for urban planning

Statistical evaluation of the density, crowd, evolution, and accuracy of
crowdsourcing methods (especially collaborative mapping), users’
perception of platforms

9

Urban demographics Urban population estimation (population mapping) 4
Smart city management Resource management, smart city transformation in the Global South. 4
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Table 3. Cont.

Main Research Areas Key Aspects Number of Papers

Disaster detection and
management Flood detection, mapping and management. 3

Facility location selection Collaborative selection of facility locations. 1
Public safety Crime monitoring and management. 1
Urban governance Citizen participation in urban governance. 1
Urban tourism Identification of tourism areas of interest. 1

4. Main Research Areas and Keys Aspects

In this section, we use Table 3 to describe the main areas and key aspects covered in
the reviewed papers.

4.1. Urban Morphology

These studies use data shared by the public to examine the urban forms, their forma-
tion, and evolution, as well as their impact on different aspects of urban life. The main
elements of urban forms investigated in the reviewed papers are land use, infrastructures,
and housing. The GS experiences fast urbanization which negatively affects the aforemen-
tioned elements, and strong measures need to be taken in order to overcome the challenges.
In terms of land use, studies in the GS focused on the classification of functional zones so
as to determine the main areas where human activities usually occur [36–38]. Such studies
are important for the GS as they can help, among others, detect rapid urbanization and
can therefore help better manage the existing resources. Crowdsourcing is, in this case,
a source of training datasets for the classification algorithms. Regarding infrastructures,
they should be a major domain of investigation due to the lack of basic infrastructure in
many areas of the GS [39]. Some studies investigated the effects of the road network on
cyclist behavior [40]. Studies on urban design focus on the effects of the urban landscape
and street configuration on human activities and/or behavior. For example, Mohamed
& Stanek [30] examined the effects of street configuration on sexual harassment, while
other researchers analyzed the impact of the urban landscape on physical activities [41,42].
Such studies can help guide future urban design so as to build safer, more equitable, and
healthier urban environments. Regarding housing, it has been a major cause of concern
in the GS, mainly due to the lack of affordable housing and the proliferation of informal
settlements. Sub-Saharan Africa has the highest proportion of slums in the world (50.2%),
followed by Central and Southern Asia (48.2%) [43]. To tackle these challenges, some stud-
ies have involved the public in the mapping of informal settlements in the GS. However,
they usually rely on the most basic forms of community mapping with paper drawings
and limited sample sizes [44,45]. With the proliferation of smartphones in some parts of
the GS, more advanced methods through crowdsourcing could help reach larger samples.

4.2. Urban Transportation

Due to its importance and several implications on different aspects of urban life,
transportation is among the most represented areas among the reviewed papers (16 papers).
The wide variety of domains covered also justifies the large number of papers in the
reviewed literature. As a service designed for the public, transportation is heavily impacted
by the way people behave through time and space as well as their response to different
transportation-related services. Investigating travelers’ behavior could help understand
their impact on the urban space (e.g., through their travel patterns) and help draw more
data-driven policies to support better transportation planning in the GS. In some cities
of the GS, crowdsourcing has been used to examine users’ travel behavior through travel
patterns [46], route choice [47], travel behavior’s impact on congestion [48], etc. Travelers’
responses to mobility services as well as strategies to improve them were also investigated.
Musakwa and Selala [49] used crowdsourced GPS data to investigate cycling patterns, while
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other studies developed multimodal or public transportation networks with crowdsourced
data [50,51]. Other studies also focus on the traffic signal optimization [52], traffic density
estimation [53], etc. Given the large number of social media users among young people,
researchers have also looked for ways to involve the youth in transportation planning by
crowdsourcing through dedicated social media pages.

4.3. Environmental Monitoring and Management

In an era of sustainable urban planning, research on how public engagement could
foster the development of more sustainable cities has become a trend in some cities of
the GS. This is also in line with the United Nations’ 2030 agenda for sustainable devel-
opment goals (SDGs) regarding sustainable cities and communities [54], which supports
the improvement of urban planning in participatory and inclusive ways. For this reason,
researchers have leveraged the power of public engagement through crowdsourcing to
monitor the environment and, in some cases, develop decision support systems for both
the public and decision-makers. The proliferation of smartphones has made this process
easier as smartphones can capture and share data without any technical knowledge from
the users. This made possible the collaborative collection of noise data [55], air temperature
from smartphone batteries [56,57], the reporting pollution of coastal zones [58], etc.

4.4. Data Collection and Optimization

These studies demonstrate the potential of crowdsourcing as a source of data for
the GS as well as ways to optimize the data collection methods. For example, in China,
several research efforts have developed new methods to increase the spatio-temporal cov-
erage of voluntary crowdsensing tasks to obtain larger and more representative datasets
while minimizing the cost and improving privacy. These methods include protecting
participants’ privacy, increasing the coverage distribution of sensing tasks through incen-
tive mechanisms [59], and enhancing data forwarding performance through cooperative
data forwarding mechanisms [60,61]. Taking into consideration the characteristics of the
GS, other studies showed different solutions to involve the public in data gathering and
experiment design [62]. Recently, there has been a growing trend on the potential for
crowdsourcing as a data collection method for monitoring sustainable development goals
(SDGs) in the GS. Pateman et al. [63] provided a review on the use of citizen science for
monitoring SDGs in low-and-middle-income countries, while Fraisl et al. [6] introduced a
citizen science tool (Picture Pile) for monitoring SDGs.

4.5. Assessment of Crowdsourcing Methods for Urban Planning

Some studies have assessed crowdsourcing methods in the context of urban planning
in the GS. Given the novelty of crowdsourcing in the GS, such studies are crucial when
assessing its applicability and usefulness for cities in this part of the world. If most studies
adopt a more objective approach using statistical evaluations (through the density, accuracy,
nature of the crowd, etc.), others opt for a subjective method through users’ perceptions
(perceived usefulness, perceived ease of use, perceived satisfaction, etc.). The objective
assessments mainly focused on collaborative mapping and were conducted in China [64,65],
Turkey [66], Kenya [67], as well as cities in Argentina and Uruguay [68], most of them focus-
ing on OSM. Regarding the subjective assessments, Cilliers & Flowerday [69] investigated
the subjective factors affecting the intention to use the Interactive Voice Response (IVR)
system in South Africa, while Bugs et al. [70] examined the perceived ease of use, perceived
usefulness, and satisfaction with a Web-based PPGIS platform for urban planning in Brazil.

4.6. Smart City Management

Smart cities put the public at the center of the planning process. Therefore, participa-
tory approaches such as crowdsourcing play an important role as they allow the public
to share their ideas and opinions for more efficient planning practices. However, the GS
is behind the rest of the world in terms of smart city management due to a lack of basic
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infrastructure and a clear understanding of what a smart city should be in local contexts.
For this reason, crowdsourcing could start with an exchange on steps towards smart city
transformation in the context of the GS. This is the method adopted by Kumar et al. [29],
who crowdsourced ideas (idea generation) for smart city transformation in India. Another
step would be to consult the public on the efficient management of the existing resources,
as demonstrated by other studies in the GS [71].

4.7. Urban Demographics

The rapid population growth in many cities of the GS, especially African cities, raises
some challenges which could be mitigated with data-driven methods. Such methods could
help monitor the changes in the population, predict future trends and implement proactive
policies to face future challenges. However, despite the potential advantages for the GS,
urban population estimation has not been widely investigated in the area as all reviewed
studies were conducted in China [72–75]. In the aforementioned studies, crowdsourcing
(collaborative mapping through OSM) was adopted as supplementary open data so as to
improve the accuracy of the mapping algorithms.

4.8. Disaster Detection and Management

If natural disasters are common in all regions of the world, the GS is particularly
vulnerable to them due to the lack of resources for disaster detection and management.
Crowdsourcing, especially collaborative mapping, has played an important role in helping
the GS face these challenges. One of the main examples is the use of OSM for disaster relief
during the 2010 earthquake in Haiti. Some studies have shown how public engagement
can help improve flood mapping in the GS ([76–78]. Crowdsourced data can supplement
other datasets (e.g., wireless sensor networks data) to develop spatial decision support
systems (SDSS) for flood management, as demonstrated by Horita et al. [78].

4.9. Other Areas

Some research areas that could have tremendous effects on urban planning have not
been widely investigated in the reviewed papers. Although lack of security is often an
issue in the GS, only one study has addressed it among the reviewed papers [79]). This is
also the case for urban tourism, urban governance, and facility location selection.

Several studies that were excluded also discussed different aspects of urban planning
using social media data. As we explained in Section 2, social media without explicit consent
from the crowd are excluded from the reviewed literature. The topics discussed in those
studies include urban health (e.g., COVID mapping in urban areas), urban tourism, disaster
detection and management (earthquake, flood detection, etc.).

5. Crowdsourcing Methods

This section provides an overview of the crowdsourcing methods applied in the GS.
More specifically, for each method, we discuss the basic principles, its potential value for
urban planning, especially in the context of the GS, the type of data obtained and, finally,
its main areas of application. The methods identified in this study can be regrouped into
three categories: collaborative websites, voluntary crowdsensing, and dedicated social
media campaigns.

5.1. Collaborative Websites

Collaborative websites are web-based platforms that allow participants to share local
knowledge, maps, geo-tagged pictures, etc., within a specific framework. Globally, they
have the benefit of providing a participatory planning process that allows the end users to
comment on planning projects [70], map the areas they are most familiar with (e.g., OSM),
report violations and crimes [80], suggest innovative ideas for smart city planning [23], etc.
Collaborative websites are generally in line with the concept of collective intelligence [81], as
individual knowledge is openly available to other participants who can access, edit, discuss
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and improve them. As a result, they yield better outcomes than knowledge from single
individuals. In the GS, government agencies usually lack the equipment and workforce
to adequately handle the many problems they face on a daily basis [58,80]. Collaborative
websites can provide a low-cost and effective solution to these problems while raising
awareness among the people.

For more clarity, we distinguish between mapping as a separate endeavor and pro-
viding user-generated content to support a specific area of planning (crime reporting,
environmental monitoring, etc.) using web-based PGIS/PPGIS, for example. This is be-
cause some maps are collaboratively built for general purposes (e.g., OSM). The resulting
map could then be applied to different areas, including urban planning. The next subsection
discusses collaborative mapping as a separate endeavor.

5.1.1. Collaborative Mapping

Collaborative mapping is a collective effort in which volunteers with various levels
of expertise and motivations participate in the creation, edition, and dissemination of
digital maps [27,82]. The mapping process relies on the collection (through sensors),
assemblage, and annotation of geographic information using web mapping tools (e.g.,
OSM website). Since these web mapping tools are easy to use, even non-experts can take
part in collaborative mapping, which helps reach a potentially larger crowd.

These mapping endeavors have several potential advantages for the GS, including
accessibility and accuracy. Accessibility refers to the possibility for any user to freely use
the maps. OSM provides this possibility as long as the user acknowledges their use of
the service [82]. Furthermore, many areas of the GS still use outdated maps due to the
costliness of professional mapping services [67]. Collaborative platforms offer the same
level of accuracy as commercial mapping services [83]. These factors make collaborative
mapping a potential source of reliable and up-to-date urban data with minimal cost for
areas with limited resources, such as the GS.

The main data used from collaborative mapping in the GS consists of road networks
(road types, stations, etc.) [47,84,85]. Datasets related to building footprint have also been
used [86]. Collaborative mapping has been used to investigate urban morphology [40],
land use [84,87], transportation planning [47,50], urban population estimation [74], etc.
Recently, there has been an increasing trend in the contributions of corporate editors to
OSM, especially in Southeast Asia [88]. Finally, it is worth noting that some collaborative
mapping platforms also apply to specific areas such as disaster relief, election monitoring,
etc. One example of such platforms in the GS is the use of the Ushahidi platform for flood
mapping in Brazil [77].

5.1.2. Web-Based PPGIS

A web-based PPGIS framework consists of four main concepts: GIS, public participa-
tion, web development, and the domain of application (e.g., crime monitoring, environ-
mental monitoring, flood mapping, etc.). As such, it is a multidisciplinary area that allows
participants to share local knowledge through online GIS platforms. Participants can use
the platform to post or comment on different urban problems, including infrastructure
damage, crime, natural disasters, etc. The importance of the aforementioned problems and
the risk they could represent in a community are among the main factors that explain the
need for the public to actively participate in these PPGIS projects. Furthermore, artificial
sensors (i.e., cameras), which are often used to monitor crime and other types of violations
do not have the intelligence to provide an in-depth and real-time interpretation of the
events. In this case, the public could provide a better response to the issue (e.g., crime
reporting, helping the victim, etc.) than an artificial sensor. The posts can be in the form of
geotagged text, audio, video, or a combination. The fact that other participants can also
comment on a post helps ensure the reliability of the information provided.

Web-based PPGIS has been adopted in the GS for environmental monitoring [58],
housing [89], crime management and monitoring [79], flood risk management [78], etc.
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There are also bottom-up decision support systems that allow the public to get involved
throughout the decision-making process. In Iran, the web-based Spatial Decision Support
System (WebGIS-SDSS) allows citizens to access, discuss, review and submit their opin-
ions about urban development applications based on multi-criteria decision-making [90].
The authorities then aggregate the opinions to make their final decision (accept or reject
the application).

5.1.3. Idea Generation/Idea Contest

Some collaborative websites provide a platform for innovative ideas to support mod-
ern and sustainable city planning. They allow non-experts to actively participate in the
planning process by identifying their needs, submitting innovative ideas, commenting
and/or rating other users’ suggestions [23], or helping choose the location of future facili-
ties. Unlike collaborative mapping and web-based PPGIS, these websites do not necessarily
require the use of geo-location services, and users can directly participate without any
prior GIS knowledge. Despite its potential advantages for citizen empowerment, this
type of collaborative website was rare among the reviewed papers. Examples in the GS
include idea generation for smart city transformation in India [29] and facility location
selection [91].

5.2. Voluntary Crowdsensing

The latest smartphones are equipped with a variety of sensors, including cameras,
accelerometers, microphones, a global positioning system (GPS), air quality sensors, etc.
Furthermore, there have been tremendous improvements in the memory size and compu-
tational capabilities of these mobile devices in the last few years. These factors, coupled
with the increasing accessibility of smartphones, have turned mobile phone owners from
simple users to contributors of rich sensing data. In addition to smartphones, these sensors
can also be installed in other devices (laptops, tablets, etc.) or locations such as cars and
help gather data for traffic or environmental monitoring from a potentially large group of
participants. Crowdsensing uses the power of the crowd and the ubiquity of sensing tech-
nologies to collect data for various urban planning activities, including traffic management,
environmental monitoring, etc.

Crowdsensing has advantages in investigating modes with low share, such as cycling.
Given the small number of cyclists in many cities (between 1 and 2% for work trips), it may
be difficult to find a representative sample for analyzing cycling patterns using traditional
methods such as cycle count [92]. In this case, crowdsensing could help cover a larger and
more diverse sample (e.g., Strava in Johannesburg, South Africa [49]). Crowdsensing is also
beneficial in traffic control and management. It could be a time and cost-efficient alternative
to roadside cameras and loop detectors to detect traffic congestion. Most developing
countries cannot afford these cameras or other roadside sensors and could highly benefit
from these methods [52]. In Africa, recent studies have used GPS devices to address the lack
of reliable data [93,94]. However, these methods are expensive and suffer from a limited
sample size [93,94]. Crowdsensing could provide a low-cost solution to these problems [95].

Data from crowdsensing usually consists of GPS tracks, temperature, noise level,
particulate matter (PM2.5 and PM10), geotagged pictures/videos/audio/comments shared
by participants, etc. Crowdsensing can also provide large urban datasets for planners.
Examples of such datasets in the GS include datasets for environmental sensing [55,57],
GPS data for cycling patterns analysis [49]), and smart city management [96], Waze data
for urban mobility [48], etc.

As specified in Section 2, we only investigated voluntary participation in crowdsensing
throughout our analysis.

5.3. Dedicated Social Media Campaigns

Social media campaigns (SMC) are not to be confused with social media scraping
(through Twitter or Weibo). By SMC, we refer to specific social media pages, groups, etc.
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which are launched with a clear goal (e.g., addressing an urban planning issue), the
task is clearly defined and outsourced to the crowd (submission of proposals, comments,
complaints, vote, etc.), and the participation is always voluntary. They are, to some extent,
similar to collaborative websites. However, unlike many collaborative websites which
require technical skills and/or financial resources (that are not always available in the
GS), SMC leverage existing social media platforms and are easy to set up and manage.
A concrete example would be the use of a dedicated Facebook group to discuss public
safety in an urban area. The crowdsourcer can launch a page that invites all inhabitants of
a specific area to report issues, comment, and suggest solutions. The information provided
could be valuable to policymakers and the public without any financial burden.

Examples of applications in the GS include Facebook pages for public participation
in transportation planning [97] and e-government [98], sexual harassment reporting on
Facebook and Twitter [30], etc.

6. Discussion
6.1. Challenges

Although some challenges, such as sample representativeness, privacy, access, and
data processing, are applicable to all crowdsourcing projects [99], some issues are specific to
or more severe in the GS. The challenges discussed here are drawn from the characteristics
of the GS and corroborated with the 78 reviewed papers.

6.1.1. The Digital Divide

Despite the recent improvements, the digital divide is still present in many parts of
the world [63]. The GS is also characterized by a technological gap with respect to the rest
of the world. For example, in 2022, Internet penetration rates are lower in Africa (43.2%),
The Caribbean/South America (80.5%), the Middle East (77.1%) and Asia (67.0%) [100].
In comparison, North America has a 93.4% penetration rate, while 89.2% of Europeans
have access to the Internet. Furthermore, access to mobile Internet is also lower in low and
middle-income countries [101]. Given the importance of the Internet in crowdsourcing,
the GS suffers a severe disadvantage compared with the rest of the world. In addition to
access, the ability to use the technology is also an indicator of the digital divide. A lack
of literacy and digital skills is a barrier to mobile Internet use in low-and-middle-income
countries [101]. As a result, many people lack the knowledge or means to effectively handle
the technology needed to participate in collaborative mapping [27] or web-based planning
decision support systems. This is evidenced by Young et al. [102], whose crowdsourcing
effort across Africa was hindered by slow and expensive Internet connections, regular
disruptions due to power outages, and participants’ limited digital skills. Zia et al. [66] also
found a strong correlation between literacy level and the density of OSM in Turkey. Thus,
the digital divide could lead to limited mapping coverage and/or reliance on armchair
mappers. Despite their efforts, armchair mappers lack local knowledge, which can have
significant effects on the accuracy of the produced maps. De Leeuw et al. [67] found
that participants with local knowledge (including laypeople) achieved significantly higher
accuracies than those without local knowledge, including professional mappers.

6.1.2. Academic Challenges and Digital Colonialism

Figure 2b shows that, besides China, most of the studies were conducted by researchers
outside the GS. The possible reasons for the limited numbers of researchers from the GS
(besides China) are a lack of access to the technologies (see Section on digital divide),
limited resources for undertaking data collection campaigns, and a lack of trained experts
able to process the data. For these reasons, countries of the GS are at the mercy of NGOs,
funding agencies, and institutes of the Global North whose interests may not be aligned
with the challenges faced by cities of the GS. This predominance of foreign entities could
be an opportunity if they fully involved their local counterparts in the process. However,
since foreign institutes and NGOs also provide the funding, their collaboration with local
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scholars usually turns into a top-down relationship where local researchers are merely
used as “glorified data collectors” [103]. This hierarchical relationship affects the way
research is conducted in the GS and could leave out important issues that affect the local
people. For example, a few studies among the reviewed literature address issues related
to public safety (e.g., crime mapping), illegal dumping, gender-related issues, or lack of
basic facilities and services in many GS cities (e.g., good roads, poor public transportation
systems, etc.). Beyond the academic area, this also raises several questions about the
possible “exploitation” of the GS citizens whose efforts to contribute data to crowdsourcing
campaigns may only serve the interests of foreign (usually Global North) organizations. Do
the data contributed result in solutions that help the participants? Do the participants have
access to the data they contributed? Do these external scholars and NGOs give an accurate
and unbiased portrayal of the Global South? All these issues have raised concerns over
new forms of “digital and data colonialism” [102,104]. Moreover, the growing influence
of corporate editors [88] could be problematic, especially in the vulnerable areas of the
GS, if the generated maps serve corporate interests rather than the local people. Digital
colonialism poses challenges to citizen empowerment, data ownership, and academic
excellence. If these challenges are not addressed, they could contribute to enforcing the
same North-South inequalities that democratic processes such as crowdsourcing were
supposed to mitigate.

It is important to clarify that we did not see any direct relationship between a particular
crowdsourced method and the former colonial ruler. This is due to the fact that the
crowdsourcing projects are usually launched by different Western organizations regardless
of who the former colonial power was. For example, a project in Niger (a former French
colony) was initiated by a German organization [105]). Another project in Mexico (a former
Spanish colony) was initiated by a Belgian organization [62]. All these projects have certain
characteristics in common.

• Besides China, most projects were initiated by foreign, western universities, an indica-
tion of dependence on western countries for crowdsourcing.

• Such dependence has implications in terms of data ownership, research design, and
administration (as we explained in Section 6), which lead to the phenomenon of
digital colonialism.

Thus, digital colonialism is not necessarily associated with a particular former colonial
ruler; it is due to the presence and practices of western organizations whose control over
the data may not serve the interests of the local communities.

It is, however, important to point out that digital colonialism’s impact on the global
south varies depending on the region. As shown in Figure 2b, China is less dependent on
foreign researchers.

6.1.3. Socio-Economic and Cultural Challenges

The issues raised here are related to income, age, and gender.
Regarding age and income, about 25% of adults in low-and-middle-income countries

are unaware of mobile Internet, while more than half of the people do not meet the UN’s
mobile Internet affordability target [101]. Lack of awareness and/or affordability of mobile
Internet is an obstacle to people’s participation in mobile crowdsourcing and a source of
bias. The potential cultural issues are mostly related to gender. Gender issues in the GS
include the assumption in many cultures that women lack the ability to provide useful
information in mapping projects, for example [106]. Furthermore, women from low-and-
middle-income countries are 20% less likely than men to use mobile Internet. Since one of
the main objectives of crowdsourcing is to democratize the planning process and empower
the public, all stakeholders need to actively and freely participate regardless of gender. In
addition, crowdsourcing could help address many of the problems (primarily) faced by
women, such as sexual harassment. One example of such a case in the GS is HarassMap, a
platform for reporting sexual harassment in Egypt. Although such platforms could help
raise awareness and encourage the authorities to address this issue, the authors also pointed
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out the lack of female participation as a major challenge [30]. Another cultural challenge in
the GS is the expectation of financial reward in exchange for participation, even when the
project has clear value for the community [102]. This could seriously limit the number of
participants as many citizen engagement projects do not offer any financial reward.

6.1.4. Administrative Challenges

Public participation should integrate the input of all stakeholders into the planning
process. In this regard, citizens should not be simple providers of census data or travel
diaries, nor should their role be limited to a simple consultation prior to decision making.
Instead, they should be involved throughout the decision-making process. However, the GS
is mostly characterized by top-down governance systems, which give little to no room for
full citizen participation [90]. This is also evidenced in the literature corpus analyzed in this
study, where a few studies provide platforms for citizen participation in problem-solving
or decision-making.

The existence of top-down governance systems also does not allow to break away
from traditional authoritative data collection methods. Many projects often seek approval
from local authorities before implementation [102].

6.2. Suggestions for Future Implementations
6.2.1. Data Ownership and Benefits for the Public: A Solution to Digital Colonialism and
Low Participants’ Motivation

It is important for the public to know that their efforts to collect and/or share
data/information will be accessible to them, or they will result in solutions, technolo-
gies, or policies that will help them, not exploit them. A failure to meet the aforementioned
requirements could further reinforce digital colonialism and affect the public’s motivation
to participate in any crowdsourcing initiative [102]. In the GS, some scholars address
this issue by looking for ways to help the public directly appropriate their data and/or
participate in the interpretation of the results. For example, in Niamey (Niger, Africa),
participants and their families were also involved in the analysis and interpretation of the
crowdsourced photos [105]. In China, Li et al. [55] stated that data shared by the public
through their collaborative environmental sensing network (CESN) would be publicly
available, which could increase the number of participants. Unlike Strava Metro, which
is a commercial platform, OSM data is available to the public. Thus, participants in OSM
projects can directly access the fruit of their labor and use it for future endeavors. This
makes OSM more suitable for the GS than other commercial services. Experts should also
use the data contributed by the public to develop solutions that will benefit them. In Kenya,
Williams et al. [107] used the data collected through the digital Matatu project to help local
experts build a mobile crowdsourcing application (Ma3Route), which shares real-time
traffic data with users [108]. In Morocco, El Alaoui El Abdallaoui et al. [109] designed an
air quality decision support system that uses collaborative environmental sensing data to
recommend the least polluted route and display information pertaining to public health.
Finally, it is important to get participants more involved in the design of the methodologies.
This could help design methods that are more suitable for the participants and ensure
that the projects’ goals are in line with community priorities [63]. An example is provided
in Mexico, where participants and experts codesigned the crowdsourcing experiment for
SenseCityVity [62].

6.2.2. For Governments and Research Institutes

In addition to the public, digital colonialism also affects local scholars. Crowdsourcing
could be an opportunity for strong collaboration between North-South researchers if
challenges related to digital and data colonialism are addressed. To do so, a new framework
that integrates equal inputs from both sides is needed. More concretely, local researchers
should not be “exploited” for data collection. Instead, they should fully participate in the
definition of the objectives and methodology so that the research is in line with the needs
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of the GS and does not repeat the same North-South inequalities that characterize digital
and data colonialism.

This review has shown that there is an urgent need for more research in many areas.
The Caribbean, Central America, the Pacific Islands, the Middle East, and Sub-Saharan
Africa are barely covered, with the research largely condensed in China and Brazil. This
opens an opportunity for more research and perhaps more insight into the urban dynamics
of this area of the world that remains unknown. Furthermore, as discussed in Section 4,
several topics have not been widely investigated despite their importance for the GS and
the potential benefits of public engagement in these areas. This shows the tremendous
potential that is yet to be fulfilled in the application of crowdsourcing for urban studies in
the GS.

For governments, it is important to include public participation in all aspects of their
programs to raise awareness and encourage citizen engagement. A good example in the
GS is Brazil, which encourages public engagement via legislation [70]. This seems to
have a major effect as a large part of the platforms for public engagement were found in
Brazil [70,71,77,78,110].

Finally, authorities, as well as researchers, should adopt more affordable methods
such as open-source software (which allows access and replication of the methods) [111],
as well as accessible and easy-to-use platforms such as Ushahidi (https://www.ushahidi.
com/about/pricing, accessed on 9 May 2022). Since most crowdsourcing projects are not
sustained due to a lack of resources, these solutions could be useful to the GS.

6.2.3. Solutions to Socio-Economic and Cultural Challenges

Sample representativeness is a challenge in all crowdsourced projects. The problem
is bigger in the GS, where some segments of the population are excluded due to local
customs (see Section 6.1.3). Including all members of the society helps mitigate sample
bias and provide a more accurate analysis of the problem under study, which in turn helps
implement more suitable policies. A change of mentality (especially regarding women) is
required. Another way to include women is to adapt the public engagement process to
their temporal and spatial constraints, for example, by allowing them to participate with
their children [63].

Other solutions to socio-economic and cultural barriers include using emojis, pictures,
checkmarks, and voice messages to reach the illiterate [63,69,111]. An interesting example
in the GS would be the adoption of the interactive voice response (IVR) system in South
Africa [69]. The IVR is a crowdsourcing system that allows users to report public safety
concerns by directly recording and sharing a voice message without having the write or
deal with a web interface. Furthermore, the IVR system can be available through a toll-free
number (accessible to the poor) and be adapted to local languages.

Finally, the use of mixed methods is also important. This includes combining crowd-
sourcing with traditional methods to obtain more representative samples. For example, in
areas with low literacy levels, the project could involve calling, chatting on social media
platforms (WhatsApp, for example), and having personal meetings with the participants
in order to explain in detail the basics of the participation process [102] or combining the
crowdsourced data with census data.

7. Conclusions

Although crowdsourcing has several advantages, it is important for planners to have
a clear understanding of the target population [15]. This could help anticipate some of
the challenges that could affect the quality of the crowdsourced data. Given the unique
characteristics of the GS, it was thus crucial to conduct a review of the crowdsourcing
methods adopted in this region of the world and highlight their potential benefits and
challenges so as to provide some suggestions for future research.

To achieve this goal, we reviewed 78 English-written journal articles focusing on
voluntary participation in crowdsourcing in the GS. The reviewed articles were mainly
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contributed by researchers affiliated with Chinese institutes or outside the GS. Among the
crowdsourcing methods, collaborative mapping (through OSM) was most widely adopted,
while the studies covered a variety of areas, including urban transportation, event detection
and crisis management, urban tourism, urban health, environmental monitoring, gender,
etc. Based on the descriptive statistics of the reviewed papers and the characteristics of the
GS, we discussed the potential administrative, academic, technological, socio-economic,
and cultural challenges that could affect the successful adoption of crowdsourcing in the
GS. Solutions to these challenges were provided as suggestions for future implementations
and included new collaboration frameworks with foreign experts so as to avoid digital
colonialism, the inclusion of all segments of the population (especially women), the use of
more accessible platforms to foster public participation in urban planning (e.g., Ushahidi),
the development of methods that are more in line with the needs and the characteristics of
the GS, etc.

Overall, this study has demonstrated that even though crowdsourcing has been
heralded as a means for less developed countries to gather large urban data at a minimal
cost and foster citizen empowerment and awareness through public platforms, several
challenges still need to be addressed. The needed datasets and/or platforms are VGI (e.g.,
OSM) datasets to complement remote sensing datasets for investigating the challenges of
the GS (e.g., informal settlements, lack of data for disaster response, crimes, lack of clean
water, etc.), citizen sensing data for a better understanding of mobility patterns (e.g., GPS)
and environmental monitoring (noise, temperature, etc.), recommendations/solutions for
better planning practices, etc.

This study is, however, not without limitations. The inclusion of China in the literature
could be misleading as a large portion of the reviewed papers is from this country. This
might give the impression that the GS, in general, has produced a large part of the studies
on this topic. The main reason for including China was the fact that, despite its rapid
growth in the last four decades, the country still displays some characteristics of the
GS [112]. Thus, its inclusion could help compare it with the rest of the GS and stress
the progress that is to be made in order to perhaps reach the same standards in terms of
innovation and academic achievements. Furthermore, although a careful and well-justified
literature search was adopted, the small number of studies from French-speaking African
countries and Latin America could be due to the fact that only articles written in English
were included in the review. Given the large number of French-speaking countries in
Africa and Spanish-speaking countries in Latin America, some valuable contributions
could have been left out. English is, however, the language adopted in most studies and
literature reviews [113], and we believe that reviewed articles offer a clear overview of the
crowdsourcing methods adopted for urban planning in the GS as well as the associated
challenges and our suggestions are expected to encourage more research in this area.
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