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ABSTRACT

ECOSNAP: A MOBILE APPLICATION FOR ENHANCING GOVERNANCE
AND ADDRESSING ENVIRONMENTAL ISSUES IN SMART CITIES

flyas COKAN

Master of Science, Department of Geomatics Engineering
Supervisor: Assoc. Prof. Dr. Berk ANBAROGLU

June 2023, 86 pages

With the increasing population and urbanization, urban planning has become a complex
and challenging task. In recent years, the concept of smart cities has emerged as a
potential solution to these challenges by integrating technology into urban planning.
Participatory Planning Geographic Information System (PPGIS) is one such technology
that involves the public in the planning process by providing them with a platform to
share their opinions and ideas. PPGIS, coupled with mobile applications, can enhance
public participation by allowing citizens to provide feedback on the go. This thesis aims

to investigate the use of PPGIS mobile applications in urban planning for smart cities.

The study provides a platform for citizens to report on issues around them and track
progress. This platform allows users to interact with each other and collaborate in solving
problems. The application is designed to be user-friendly and accessible to a wide range
of users. The study will also evaluate the effectiveness of the implementation in

facilitating citizen participation and its impact on city planning outcomes.



The research will use a mixed-methods approach, including a literature review, case
studies, surveys, and interviews with stakeholders, to explore the potential benefits and
limitations of PPGIS mobile applications in urban planning for smart cities. The findings
of this study will provide valuable insights into the use of PPGIS mobile applications in
urban planning for smart cities and inform the development of future urban planning

policies and strategies.

Keywords: crowdsourcing, smart city, ppgis, urban planning, mobile application



OZET

ECOSNAP: AKILLI SEHIRLERDE YONETISIMIN GELISTIRILMESI VE
CEVRESEL SORUNLARIN COZUMU iCIN MOBIL UYGULAMA

flyas COKAN

Yiiksek Lisans, Geomatik Miihendisligi Boliimii
Tez Damismani: Dog. Dr. Berk ANBAROGLU

Haziran 2023, 86 sayfa

Artan niifus ve kentlesme ile birlikte, sehir planlamasi karmasik ve zorlu bir gorev haline
gelmektedir. Son yillarda gelisen akilli sehirler kavramu ile teknolojiyi sehir planlamasina
entegre ederek bu zorluklara potansiyel bir ¢6ziim olarak ortaya ¢iktigi gorulmektedir.
Katilimer Planlama Cografi Bilgi Sistemi (PPGIS), halki goriis ve fikirlerini paylasmalari
icin bir platform saglayarak planlama siirecine dahil eden teknolojilerden biridir. PPGIS,
mobil uygulamalarla birlestiginde vatandaslarin hareket halindeyken, anlik geri
bildirimlerde bulunmalarina olanak taniyarak halkin katilimini artirtr. Bu tez, akilli
sehirler icin kentsel planlamada PPGIS mobil uygulamalarinin potansiyel faydalarini

arastirmay1 amaclamaktadir.

Calisma, vatandaslara cevrelerindeki sorunlar1 raporlamalar1 ve ilerlemeleri takip
etmeleri icin bir platform saglamaktadir. Bu platform, kullanicilarin birbirleriyle
etkilesim kurmasina ve sorunlarin ¢dziimiinde isbirligi yapilmasina imkan saglamaktadir.

Uygulama, kullanic1 dostu ve genis bir kullanici yelpazesi tarafindan erisilebilir olacak



sekilde tasarlanmistir.  Calisma ayrica, uygulamanin vatandas katilimini

kolaylagtirmadaki etkinligini ve sehir planlama sonuclarina etkisini degerlendirecektir.

Aragtirma, akilli sehirler i¢in sehir planlamasinda PPGIS mobil uygulamalarinin
potansiyel faydalarmi ve smirlamalarim1 kesfetmek igin bir literatiir taramasi, vaka
calismalari, anketler ve paydaslarla goriismeler dahil olmak iizere karma yontemli bir
yaklagim kullanacaktir. Bu ¢alismanin bulgulari, akilli sehirler i¢in sehir planlamasinda
PPGIS mobil uygulamalarinin kullanimima iligkin degerli bilgiler saglayacak ve
gelecekteki sehir planlama politikalarinin - ve  stratejilerinin - gelistirilmesine bilgi

saglayacaktir.

Anahtar Kelimeler: kitle kaynak kullanimi, akilli sehir, ppgis, sehir planlama, mobil

uygulama
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1. INTRODUCTION

In today's world, there is a rapidly increasing growth in urban areas. According to the
United Nations study [1], it is predicted that the global population living in cities will
reach 60% by 2030. Until then, it is projected that approximately one-third of the global
population will reside in cities comprising a minimum of half a million residents. People's
demands for their basic needs will increase and it will be difficult to maintain the city's
quality of life [2]. Therefore, urban growth should be considered now and measures
should be taken to manage it in a sustainable way. Today, the term "smart city" is directly
associated with the combination of city and technology. In response to the challenges of
creating sustainable cities and mitigating climate change, this concept emerged towards
the end of the 20th century, aiming to optimize resources through extensive utilization of
technology. The growth of cities is closely tied to the citizens, specifically their way of
living, as they are the ultimate consumers of urban infrastructure. Therefore,

comprehending their behavior is crucial in sustainable urban planning [3].

Public participation in smart cities is an important component of urban governance that
can bring numerous benefits to citizens and local authorities alike. By engaging the public
in the planning, implementation, and evaluation of smart city projects, local governments
can ensure that these initiatives are tailored to the needs and expectations of the

community, and that they align with the broader goals of sustainable development.

One of the key benefits of public participation in smart cities is increased transparency
and accountability. When citizens are involved in the decision-making process, they can
provide valuable feedback and insights that help ensure that smart city initiatives are
implemented in an open and accountable manner. This can foster trust between citizens
and local governments and promote a sense of ownership and responsibility among the
public. Another benefit of public participation is the ability to tap into the collective
intelligence of the community. Citizens can provide valuable input on issues related to
mobility, energy, security, and other areas that are central to the smart city agenda. By
engaging with a diverse range of stakeholders, local governments can gain a more
comprehensive understanding of the challenges and opportunities facing their

communities and develop more effective strategies for addressing them.



Public participation can also help to promote social inclusion and equity. By involving
marginalized and underrepresented groups in the smart city planning process, local
governments can ensure that the benefits of these initiatives are shared fairly and that the
needs and concerns of all citizens are taken into account. This can help to reduce
inequalities in access to services and opportunities and promote greater social cohesion
and solidarity.

One of the main technologies to address this is to develop mobile applications. Mobile
applications can provide a user-friendly interface that allows citizens to report issues,
provide feedback, and participate in decision-making processes related to urban
development and public services. With the help of these applications, citizens can easily
report issues such as potholes, damaged sidewalks, or broken streetlights, and track the
status of their reports in real time. Mobile applications can also provide real-time updates
on public services, and other relevant information. By providing easy and accessible ways
for citizens to participate in solving problems in cities, mobile applications can play a

significant role in creating more inclusive, sustainable, and livable urban environments.

1.1. Problem statement

Most of the previously developed applications for public participation were insufficient
to reach large masses. They are not available to all audiences, as they can only respond
to issues shared from a specific geographic region or support the use of several languages.
In some applications, it was not possible to download and review from our region due to
geo-restrictions. Many applications require various fees from researchers who want to use
the feedback they provide to users, to obtain the shared data by governments or for
analysis purposes only. In addition, gamification, which refers to the practice of
incorporating game-like elements such as scores, badges, and leaderboards, into non-
game contexts to increase user engagement and motivation, is not available in many other
applications [4][5][6][7].

1.2. Contributions and Organization

This study provides citizen participation in smart cities with a mobile GIS application that
will be developed using completely free and open source and will be called EcoSnap.
Unlike other applications, gamification techniques and socialization have been
emphasized in terms of including the infrastructure to support all languages and providing

user motivation so that people from all walks of life can contribute. The successful



completion of the EcoSnap project would have the following advantages, some of which
are mutually inclusive between the following stakeholders:

1. citizens would quickly report problems or concerns they encounter,

2. researchers could analyze the collected geospatial data on urban issues,

3. municipalities could act promptly to solve the issues and gain wider public
support, and

4. companies would have a chance to recognize citizens’ efforts by providing

discounts.

The aim of this project is to develop EcoSnap, a cross-platform mobile application that
can be used to report urban issues by combining gamification components. Consequently,

the objectives are as follows:

1. enabling citizens to report city problems quickly and efficiently

2. improving communication channels between citizens and municipalities and
create a sense of responsiveness and accountability

3. providing a platform where citizens can discuss reported issues, propose solutions
and engage in dialogue with other users

4. improving service delivery by ensuring that reported issues are dealt with
efficiently by the responsible authorities

5. providing information on reported problems, measures taken and solution statuses

This dissertation, prepared for these purposes, is organized as follows: The second chapter
provides general information about smart cities and participatory mapping are provided,
which are the two main concepts that are linked within EcoSnap. The third chapter
consists of the literature study about mobile crowdsourced applications is given.
Information about popular applications is given, and then comparing the features they
have, missing areas are tried to determine. The fourth chapter contains explanations about
the difficulties encountered in the implementation and sustainability of mobile
applications. It also provides solutions that can be used to address these challenges. The
fifth chapter includes information about the content of EcoSnap mobile application, its
software design, and its capabilities. The sixth chapter is the results and discussion
section, which includes the use of EcoSnap by the citizens and the analysis of the
collected data. The last chapter summarizes the key findings, draws the conclusions of

this thesis, and discuss possible future works.



2. SMART CITY

In this chapter, the concepts of smart cities and participatory mapping are explored. After
providing information about the importance of smart cities, the main components of a
smart city are outlined. Then, the concept of participatory mapping, which is one of the
methods of creating smart cities, and its sub-titles Participatory GIS (PGIS), public
participation geographic information system (PPGIS), and Volunteered Geographic

Information (VGI) will be explained.

2.1. What is a smart city?

In recent years, the term smart city has gained popularity and has become a kind of
buzzword. The smart city concept has gained more attention and momentum due to the
increasing availability and affordability of digital technologies, the growing concerns
about urban sustainability and resilience, and the recognition of the potential of data-
driven decision-making to improve urban governance. Another reason for this concept to
come to the fore is the desire and increasing interest of people to live in an urban
environment. In the forecasts made for the future, it is predicted that the world population
will increase rapidly until 2050 and that approximately 65% of the population will live in
cities [8]. Uncontrolled population growth will make it difficult to meet needs such as
transportation, education, health, and security in cities. Smart cities benefit from modern
technologies to solve such problems, contributing to the integration of people, creating a
sense of responsibility towards the environment, and improving the quality of life. With
the use of smart technologies (eg, smartphones, wearables, cameras), people's living
standards are increased and cities become more liveable, environmentally friendly, and
efficient [9].

The smart city is a complex concept and covers many social, technical, and human areas,
so there is no single definition accepted by everyone. According to Komninos [10], a
smart city is not simply about technology, but also about social and environmental
sustainability, economic development, and citizen engagement. He argues that a smart
city should be able to learn from its citizens, respond to their needs and desires, and foster
innovation in both the public and private sectors. On the other hand, Giffinger's concept
of the smart city [11] is more holistic and includes multiple dimensions such as

governance, economy, mobility, environment, people, and living. He developed a



framework of six smart city characteristics, which are: smart economy, smart governance,
smart mobility, smart environment, smart living, and smart people. Each of these
dimensions represents a key area that must be considered when designing and

implementing a smart city strategy.

With the discourse of smart cities, technology is often presented as a solution to urban
problems, but the deeper social and political factors that shape urban life are ignored.
Hollands' research [12] highlights the need for a more critical and reflexive approach to
the development of smart cities. Hollands critiques the way that smart cities are often
designed and implemented without sufficient consultation with local communities. He
argues that this approach can lead to a "top-down" approach to urban development that
fails to address the needs and aspirations of residents. He suggests that a greater emphasis
on democratic decision-making and public participation in urban planning, as well as a

more nuanced understanding of the social and political implications of new technologies.

To sum up, the concept of the smart city has been defined in various ways by researchers,
but there are common threads that run through these definitions. At its core, a smart city
is a city that uses digital technologies to enhance the quality of life for its residents, while
also promoting sustainability, efficiency, and innovation. While there are challenges
associated with the development and implementation of smart city technologies, such as
privacy concerns and potential biases, the potential benefits are significant. As cities
around the world continue to adopt and evolve smart city strategies, it will be important
for researchers, policymakers, and citizens to work together to ensure that these strategies
are equitable, effective, and sustainable for all members of the community.

2.2. Participatory Mapping

Participatory mapping is a collaborative and community-based process of creating maps
that reflect local knowledge and perspectives. Over the years, various terms have been
used to describe this approach, including PGIS, PPGIS, and VGI [13]. They are spatial
terms derived to express these concepts that are close to each other and actually contain
many minor differences [14]. They are called by different names as shown in Figure 2-1

according to the weight of the contents and features they have [11].

Renee Sieber [15] describes PPGIS as an approach that seeks to involve the public in the
process of geographic information creation and decision-making. This approach places

more emphasis on the involvement of the wider public in the decision-making process. It



typically involves the use of web-based GIS tools and social media platforms to engage
with a larger audience and gather input from the public. PPGIS can be used for a wide
range of applications, such as urban planning, transportation planning, and environmental

management.

PGIS is a type of PPGIS that focuses on engaging local communities and stakeholders in
the planning and decision-making process. Brown [14] defined PGIS as "a set of tools,
techniques, and methods for enabling communities to participate in decision-making and
take an active role in managing local resources, using spatial information as a basis for
discussion and analysis." PGIS is more focused on community-based decision-making
processes, while PPGIS places more emphasis on engaging with the wider public in the

decision-making process.

VGI encompasses the range of information that is produced by individuals or groups who
voluntarily undertake to create and share spatial information using Web 2.0 technologies.
It is a new form of user-generated content, where the content is explicitly georeferenced
and often directly linked to geospatial databases or Web-based mapping tools [16]. This
definition emphasizes the use of Web 2.0 technologies and the georeferencing of content
as key features of VGI. It is often used in disaster management, urban planning, and
environmental monitoring. VGI has the potential to provide large volumes of data at a
relatively low cost, but its quality and reliability may vary depending on the source and

method of collection .
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Understanding the various terms and concepts related to participatory mapping is crucial
for engaging communities in decision-making processes and creating more inclusive and
equitable societies. The mentioned terms offer a range of approaches and methods for
incorporating local knowledge and perspectives into spatial data collection, analysis, and
decision making. While each approach has its strengths and weaknesses, the common
thread among them is the importance of empowering communities to participate in the
production and use of spatial information. By adopting a collaborative and inclusive
approach that values the diverse perspectives and knowledge of all stakeholders,
participatory mapping can contribute to more sustainable and equitable outcomes in a

variety of contexts.

2.3. Relationship between smart cities and participatory mapping

The relationship between smart cities and participatory mapping is rooted in the shared
goal of engaging citizens in urban decision-making and shaping the future of cities.
Participatory mapping involves involving communities and individuals in the process of
creating and updating maps that reflect their lived experiences and local knowledge.
Smart cities leverage participatory mapping as a powerful tool to gather valuable insights
from residents and incorporate their perspectives into urban planning and development.
By providing platforms and tools for citizens to contribute geospatial data, such as
identifying community resources, highlighting areas of concern, or suggesting
improvements, participatory mapping enables a bottom-up approach to urban
governance. Smart cities can integrate these citizen-generated maps with other data
sources, such as sensor networks or administrative databases, to create comprehensive
and accurate representations of urban environments. This integration enhances decision-
making processes and enables cities to address the diverse needs and aspirations of their

communities.

Participatory mapping, in turn, benefits from the technological advancements and
infrastructure of smart cities. Smart cities provide the necessary digital platforms,
connectivity, and data analysis capabilities that enable participatory mapping initiatives
to scale and have a broader impact. Through smart city infrastructure, such as mobile
applications, geospatial tools, or data visualization platforms, participatory mapping
efforts can reach a wider audience and facilitate meaningful community engagement.
Smart cities also provide opportunities for real-time data collection and analysis, allowing

participatory mapping to capture dynamic urban changes and respond to emerging issues



promptly. By incorporating participatory mapping into their frameworks, smart cities
promote transparency, inclusivity, and citizen empowerment, transforming urban

governance into a collaborative process between city authorities and the communities

they serve.



3. RELATED WORKS

Services such as increasing the quality of life of citizens, solving environmental problems,
and ensuring public safety are very expensive and labor-intensive processes for
municipalities. For the citizens to continue their daily lives, these services must be
constantly monitored, maintained, and intervened. Minor disruptions in this order could
cause major problems. Thanks to specially designed platforms and mobile applications,
governments can consistently obtain and collect it with the participation of the public. In
this type of view, city dwellers are assumed to be a source of valuable up-to-date
information. Access to this data, which is provided by the public, significantly increases
the efficiency of the administration. These applications are special solutions that enable
citizens to report problems such as potholes, broken traffic lights, and fallen road signs,
and add them to the map. Reported problems are published over the application and
reported to the relevant department of management. On the other hand, administrations
can follow these problems, provide solutions and inform the reporters about various

updates.

3.1. Characteristics of selected crowdsourcing platforms

The selected platforms were analyzed in terms of the following criteria: territorial scope,
source of initiative, platform addressses, types of feedback, cooperation with the

authorities, and gamification.

3.1.1. Territorial scope

The regional coverage is one of the main criterion that substantially differentiates the
developed initiatives. The developed initiatives offer a spectrum ranging from local to

covering all regions and countries. In this regard, the initiatives are divided into four:

1. Local scope, local problems - platforms originating from local communities and
aimed at their development;

2. Regional coverage, local problems (expanded by multiple organizations) —
national and broader platforms that focus on local community issues;

3. National scope, supra-local problems - platforms dedicated to universal problems,
covering the entire country

4. Global scope — Maps and platforms used to support information and crisis

management



3.1.2. Source of initiative

The source of the initiative is an important parameter proving how different the process

of creating this type of initiative is. There are two creation channels in this area:

Bottom-up — the source is the needs of the inhabitants. As depicted in Figure 3-1, the
creator/initiator of change is a citizen, a group of residents, a social organization, or a
group of volunteers, often in cooperation with another organization or with the support
of government funds. The process cycle is bottom-up and starts with the citizen/group of
citizens. Changes are often initiated by circles focused around a given aspect related to a

serious social problem.

Social Problem

Self selection

Citizen 1 Citizen 2 | ... | Citizenn

Figure 3-1 Bottom-up approach model

Top-down — the source is the need to strengthen the communication of government/self-
government institutions with the citizen. Here, the initiator of the change is the institution,
the process takes place on the line between the institution and society. The target is to
strengthen cooperation between the city and its inhabitants and to establish a new
information and data distribution channel. Figure 3-2 depicts the overall of top-down

approach.
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Figure 3-2 Top-down approach model

3.1.3. Platform addressees

The interlocutors of a crowdsourced mobile application are the individuals or entities that
engage in communication or interaction within the app's ecosystem. They are the users
who actively participate in the crowdsourcing process, contributing their knowledge,
opinions, or resources to the platform. Interlocutors can be diverse and include the local
people, neighborhood groups, researchers, businesses, and governmental organizations.
The interlocutors play a vital role in the success of the app, as their engagement and
contributions drive the collective intelligence, problem-solving capabilities, and

community-building aspects of the crowdsourcing platform.

3.1.4. Scope of government support

The scope of government support for crowdsourcing platforms can vary depending on the
priorities, resources, and policies of each government. It is essential for governments to
understand the potential of crowdsourcing platforms and tailor their support to facilitate
their growth, while also ensuring legal and ethical considerations are met. Regarding this
issue, it was divided into two categories as cooperating and non-cooperating according to

the attitudes of the administrations towards the platforms.
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3.1.5. Scope and type of feedback

Crowdsourcing applications can provide various types of feedback to participants and
users. Here are some common forms of feedback that crowdsourcing apps may offer:
Daily, weekly, and monthly reports, maps and geospatial information,
marking/visualizations of dangerous places, or rankings of shares. These types of
feedback provided by crowdsourcing applications may vary depending on the nature of
the crowdsourcing project, the goals of the app, and the features and functionalities it

offers.

The applications mentioned in this study will be compared based on the aforementioned
criteria in Table 3-2 and Table 3-3, and similarities and differences between them will be

shown.

3.2. Applications

With the rise of mobile technology, PPGIS has become more accessible than ever, and
many successful implementations of PPGIS mobile applications have emerged in recent
years. These applications have been used to tackle a wide range of issues, from urban
planning and environmental management to disaster response and community
development. In this section, some notable examples of successful PPGIS mobile
applications will be will reviewed and discussed the potentials of applications for

EcoSnap, comparing the features considered useful or lacking in these technologies.

3.2.1. FixMyStreet

Shown in Figure 3-3, FixMyStreet (FMS) is a map-based application that helps citizens
of the United Kingdom to report street and street concerns to local government officials
and municipalities and is developed in collaboration with the Young Foundation and
mySociety. The application, which supported iPhone users in 2007, started to support
Android devices in later periods. The intense interest in FMS across the country has led
to the implementation of similar applications and the release of different versions in other

countries.
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Potholes

Figure 3-3 Screenshot of the FMS interface

Citizens can create records about physical problems such as bad sidewalks, potholes, and
batons around them through the application, view similar records in their environment,
and follow the solutions provided by the authorities. The reports submitted by the citizens
are matched with the postal code of the users and the category of the problem and sent to
the relevant municipalities via e-mail. At the end of the four weeks, FMS will contact
users who have created reports to check the latest status of their issues, during which time
it is also possible for any user to submit their reports and provide updates on the issue.
According to their homepage, ~20K problems are reported weekly and solutions are

developed. In addition, nearly 7 million updates have been made so far.

The values emphasized in the FMS project are transparency, efficiency, and
accountability. At the beginning of the project, it was aimed to increase the quality of the
services provided during meetings between authorities and developers and it was
associated with efficiency. For developers of the application, design concerns to ensure
transparency in public utilities have an important place. FMS is designed to be easy to
use. This convenience can enable more citizens to reach the authorities and report
problems online. For example, reporting a problem on other websites provided by
municipalities is sufficient to report problems with just three clicks with FMS, although

it consists of multiple stages. All complaints and responses are public, so citizens can
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easily follow what's going on in their local government district or other neighborhoods.
Providing quick solutions to reported problems is the motivation of users to continue
without leaving the application. However, citizens are not appreciated and rewarded in
any way for their reports or sharing. Users are given the option to remain anonymous
while reporting their reports in the application. They can create accounts to access reports
submitted by other users and track municipalities' responses to these issues and compare

all municipalities and see how they are performing.

On the other hand, although efficiency is set as the target in the design of the application,
very few features are included in this regard. Citizens are limited to predefined categories
when reporting their problems. If they wanted to choose categories other than these, they
were asked to contact the authorized municipalities directly. Although the reports and
their results are transparently shared with the public, users can't have sufficient
knowledge about the operation of the application from the beginning. There is no clear
information about the citizens who want to report a problem, how long they should wait
for a solution for their reports, and what kind of way they should follow in case the
problem is ignored or not solved. Local authorities do not provide enough information on
how they handle complaints and processes. In most cases, updating the status of the
reports is done by users. Municipalities are not obliged to provide solutions to the reported
problems, people can only check whether they have solved the problem. When their
problems are not resolved, users can only report their problems again or they can put
pressure on the authorities by commenting on reports together. Also, any gamification
techniques are not included in the application. The fact that the application does not
support languages other than English stands as an obstacle for communities speaking

different languages to use the application.

3.2.2. SeeClickFix

In the USA, direct phone calls or e-mails are common communication channels for
reporting problems to local authorities. Most of these reported calls remain unanswered
and it is not possible to be informed about the latest status of the problem [17]. The
communication gap between the demands of the citizens and the services of the
government results in one-way feedback of the parties, unaware of each other. In such an
environment, SeeClickFix, a crowdsourcing application, was developed in 2008. Figure
3-4 shows the details of a report of this application. In ten years, it has grown into a

platform with over one million users in 25K towns and 8K neighborhoods. It has been
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diversified and priced according to the scope of services it provides over time. Local
governments and organizations are required to pay $40 per month for basic features and
$100 per month for every 100,000 users for an upgraded "Plus" account. Thanks to these
accounts, the sustainability and maintenance of the application are done by the company,

it does not require any technical expertise in the usage process.

Sidewalk Repair

-y

Comments (3)

A Mamden CT veritied OfF
F 2AM - Flag

Hamden. CT assigned this issue to

Engineening Inspector

Figure 3-4 Screenshot of SeeClickFix interface

The application can be downloaded for free on both Android and iOS devices and enables
citizens to report problems around them to authorities through both web and mobile
devices. Users can take photos with their cameras, add geographic locations, and detailed
explanations about the problem. It provides cooperation between citizens and the
authorities and also contributes to authorities presenting solutions. It is possible to report
problems in 35 categories such as graffiti, broken street lamps, broken infrastructure, and
garbage problems through the application. Authorities receive reported problems by e-
mail. When problems are raised to authorities, they can be answered directly or can be
forwarded to the relevant department for resolution. Notifications are sent to all followers

in the community when any changes are made by the officials to solve the problems.

To increase the inclusiveness of the application, users are allowed to provide their likes

or add comments about the reports and earn points from their participation. Also, apart
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from smartphones, widgets are provided to news sites, social awareness sites, and
Facebook application, and reports are created and displayed from these mechanisms.
According to information on the SeeClickFix website, repeated requests can be detected
automatically before being forwarded to authorities. In addition, it is possible to adjust

visibility to protect privacy and control the access levels of other users.

Although many users register and use the application, almost 10% of the people report
any issues, they only follow the reported ones [17]. In addition, due to the limited options
that the application offers to users during reporting, it may cause ambiguities in terms of
location information. Another negative situation is that the updates are reflected too late
by the municipalities. Almost one year after the situation is reported, messages about the
solution are sent and these messages are sent more than once. In some cases, reports may
remain unsolved. Also, users cannot choose information about the organization or
department to which the complaint will be sent while creating a report, which adds
additional burden to the users.

In conclusion, the application can be used as a tool to gather information from the
participants, so that potential urban-issues can be recognized at an earlier stage and

ultimately contribute to prioritization and pre-preparation of municipal services.

3.2.3. Ushahidi

Ushahidi, which means witnessing in Swahili, is a website that emerged in 2008 to collect
and map information about the violence that developed after the elections in Kenya. It
was also used in many emergencies in later periods such as monitoring the anti-immigrant
situation in South Africa in 2008, Haiti earthquake in 2010, and forest fires in Russia the
same year. The main idea of the application is to collect data from disaster areas, taking
into account internet speed and population density, visualize them on maps, and offer
solutions for help. As an example of this, Figure 3-5 shows an example of this and
contains an aggregated map on map of the problems reported in a particular area. It is
aimed to develop technologies that can work even in regions with low technical
opportunities. Supporting both iOS and Android environments, the site integrates with
Facebook, Twitter, and e-mail, making it possible to send media such as pictures and

videos. The operation of the system is as follows:

1. Individuals send An SMS message to a predetermined number by authorities

2. SMS services integrated with the Ushahidi platform forward these messages
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3. These messages are displayed on the Ushahidi site
4. The authorities then decide whether or not to reply to the sender

Every incoming message is divided into categories such as public health, infrastructure
damage, security threats, natural hazards, etc. Administrators evaluate the accuracy and
consistency of the reports and create an archive according to locations and occurrence
times of events. Emergency response teams and managers can monitor reports on the map

according to timelines and coordinate dispatched assistance.

The application has been released for free and its codes are available on an open-source
basis. In this way, it can be used while developing applications according to various
emergency needs. By downloading the Ushahidi platform, it can be installed on local
servers in a few hours and configured according to the determined needs (fire, landslide,
etc.). It is allowed to add reports without registering to the system. Reports in the form of
polygons, points, or lines are added on various map servers. However, these reports are
not displayed on the site until approved by administrators. Approved reports are published

on the site as maps and lists.

The platform has evolved over the years and now offers several different products and
services, including Crowdmap, a hosted version of the platform, and Ushahidi Insights,

which allows users to analyze data and create visualizations.

There have been great considerations in the recent use of Ushahidi, which was used in
many regions before. Many experts reported that they did not use the application even
though they knew it. Also, there are many obstacles to the use of the application in rural
areas of developing or less developed countries. Applications that require such
technologies in remote areas or rural areas are sometimes not possible. In remote areas
where disasters take place with insufficient infrastructure, the lack of 2G phones and their

inoperability make it impossible to collect text messages with low data size.

In addition, there are no motivating features for the use of the application. Features can
be added that will sort users according to their shares and make collaboration possible. In
this way, a competitive environment can be created among users who want to reach higher

levels.
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Figure 3-5 Screenshot of Ushahidi interface

As a result, Ushahidi enabled the determination of the needs of victims in distressed areas
and managers to follow the situation with interactively rich visualization elements on
various maps. This has been particularly useful where traditional media formats could be
censored or restricted. In addition, Ushahidi has gained the ability to empower
communities and give a voice to those who do not have access to traditional media

channels. It has enabled cooperation and accountability among the relevant institutions.

3.2.4. Burgernet

Burgernet is a citizen alert system used in several countries, including the Netherlands,
Denmark, and Belgium. It is designed to provide residents with quick and reliable
information about criminal activities in their area, in the hope of reducing crime and
helping law enforcement agencies apprehend perpetrators and as an example of this, the
details and results of the report on the finding of a missing woman are shown in Figure
3-6. In the Netherlands, Burgernet was launched in 2009 and has since become an integral
part of the country's crime prevention strategy. It allows the police to send alerts to
registered participants via telephone, email, or SMS, providing them with descriptions of
suspects, vehicles, or other relevant details. Burgernet participants can then report any
sightings or provide additional information to the police, who can use this information to
track down suspects and solve crimes. So far, 1.5 million people have participated in
application across the country and its use become increasingly widespread. The working

logic of Burgernet is as follows:
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1. Issues are reported by citizens through the website or mobile application

2. According to the information given by the citizen, a system call is opened and a
virtual community is created according to location information. In addition, if
there is information about suspects or wanted persons, this is sent to community
members via text messages or voice messages.

3. After the police report, information that members of the community know or see
is collected.

4. Operators forward this information to the relevant police unit

5. According to updates provided by police, participants are informed about the

situation.

Citizens provide their home or work address information while registering for the
application. If police deem it necessary regarding a crime or a search, they can contact
citizens to get information using address locations. For example, where the suspect person
sought was last seen, the residents of that area are contacted. At last, the system sends an
update message to the participants when the action ends. In this structure, police
communicate with citizens only over the phone. And, the number of people contacted in
the community is displayed on the website, and no other interaction information is
published.

People are willing to use the application and provide information because it makes them
feel safe and solves the problems encountered. However, a design has not been
implemented to ensure the motivation of the citizens in the application. People may be
losing their will and motivation to provide some key information because they think they
may be in danger if they are involved in the events. In cases where police need to follow
criminals or intervene urgently, their motivation decreases because they have to wait for
adequate notifications. There are three main reasons why the police maintain this
platform: The first aim is to create a sense of security in citizens towards their
environment. When people do something for their safety, they feel more secure. The
second purpose is to speed up police's pursuit of suspects or respond to incidents and
increase efficiency. The last aim is to increase the trust of citizens in the police and to

create a positive perception among citizens.

Burgernet has specific applications due to people's security concerns and the data
collected is not entirely clear. It cannot be integrated into the platform with other sources

and only superficial information such as the number of messages shared, the number of
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problems solved, and the performance of cities are shared with the external environment.
Also, standardized data formats such as Open311 are not implemented. Open311 is a
mechanism launched by OpenPlans (https://www.openplans.org) that helps citizens to
add their requests directly to the government's job lists and provides an easier, faster

delivery of updates to citizens [18].

Despite concerns, Burgernet remains a popular and effective tool used by many
municipalities and citizens, thanks to its contribution to the ability to catch platform

criminals in early stages, which supports web, iOS, and Android environments.
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Status of this action
Completed acson

Figure 3-6 Screenshot of Burgernet web interface

3.2.5. Other Works

“Street Bump” is a mobile application developed by the City of Boston in partnership
with a company called Connected Bits. The goal of the app is to help the city identify and
repair potholes and other road hazards more quickly and efficiently. The way the app
works is by using the accelerometer and GPS sensors on users' smartphones to detect
bumps in the road as they drive. When the app detects a bump, it records the location and
intensity of the bump and sends that information to the city's public works department.
The data collected by the app helps the city identify problem areas more quickly and
prioritize repairs based on the severity of the road hazards. The app also allows residents
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to report road hazards directly to the city, which can help expedite the repair process.
Street Bump has been used successfully in Boston since its launch in 2012 and has since

been adopted by other cities in the United States and around the world.

“B0OS:311” is the non-emergency contact center for the City of Boston, Massachusetts.
It provides a convenient and easy way for Boston residents to report non-emergency
issues, ask questions, and get information about city services. Residents can contact
BOS:311 by phone, mobile app, or web form to report a wide range of issues, including
potholes, graffiti, broken streetlights, noise complaints, and more. BOS:311 uses a
sophisticated system to track and manage requests, ensuring that all issues are addressed
in a timely and efficient manner. Requests are automatically routed to the appropriate
department for action, and residents can track the status of their requests online or through
the mobile app. In short, BOS:311 helps to improve the quality of life for Boston residents
and keeps the city running smoothly. Similar applications have been applied in different
states of the USA under different names such as NYC311 and Philly311.

“PublicStuff” was a mobile application that allowed residents to report non-emergency
issues, such as potholes, graffiti, and broken streetlights, to their local government. The
app was designed to improve government responsiveness and make it easier for residents
to engage with their local government. The way PublicStuff worked was simple.
Residents could download the app, select their location, and report an issue by taking a
photo, adding a description, and submitting it to their local government. The app would
then route the request to the appropriate department for action, and residents could track
the status of their request and receive updates through the app. PublicStuff app was widely
used by cities and towns across the United States, as well as in other countries around the
world. The app was particularly popular among younger residents who preferred to use

their smartphones to engage with their local government.

“Love Clean Streets” is a mobile application that allows citizens to report issues related
to cleanliness, maintenance, and environmental concerns in their neighborhoods. The app
is available in several cities across the United States and the United Kingdom and enables
users to report problems such as litter, graffiti, potholes, and broken streetlights. Once a
user submits a report, the Love Clean Streets app sends it directly to the local authority
responsible for addressing the issue. The authorities can then prioritize the issue and take
necessary actions to resolve it. In addition to reporting issues, the Love Clean Streets app

also allows users to view the status of their previous reports and track the progress of any
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reported issues. The app aims to empower citizens to actively participate in maintaining
clean and healthy communities while promoting transparency and accountability among

local authorities.

“Snap Send Solve” is a mobile application designed to simplify the process of reporting
local issues and infrastructure problems to local authorities in Australia and New Zealand.
The app allows users to quickly report issues such as litter, graffiti, damaged
infrastructure, and other issues that require attention. Using the app, users can take a photo
of the issue, add a description and geolocation, and submit it to the relevant local authority
with just a few taps. The app uses the smartphone's GPS to automatically determine the
user's location, making it easy to report issues on the go. Once a report is submitted, Snap
Send Solve sends it directly to the relevant local authority, which can then prioritize the
issue and take necessary action to resolve it. The app also allows users to track the
progress of their reports and receive updates on the status of reported issues. It has been
widely adopted in Australia and New Zealand and has helped to improve the

responsiveness of local authorities to community issues.

Apart from these applications mentioned, there are many applications on various subjects.
These applications are divided into five different categories according to their purposes

as shown in Table 3-1.

Table 3-1 Applications in Five Categories

Public Disaster

o Health Safety Pollution
Utilities Management
Love Clean MomMaps CrowdSafe CreekWatch CrisisTracker
Streets Outbreaks Near | Crime Stoppers | Widenoise Ushadidi
Snap Send Me NextDoor iSpex Twitcident
Solve SickWeather Crowdmonitor
See Click fix Did you feel it
CitySourced
FixMyStreet
Waze
StreetBump
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Table 3-2 Crowdsourcing platforms - summary of key data

Platform Territorial Cooperation
name/Year scope Purpose of action Creators Thematic scope Addressees Feedback with the Gamification
of creation P authorities

Provide a platform that A ioint social Report and track Residents Reports

makes it easy for citizens to inijtiative of issues in their Local government and Notifications and
FixMyStreet National report these issues and to MvSociety and local area, such as  municipal authorities alerts Yes No
(UK)/ 2007 ensure that they are Ygun y potholes, broken Service providers and Communication

addressed by the appropriate Founé;ation streetlights, or contractors logs

authorities fly-tipping Community organizations  Data analytics

Empower citizens to take an Residents

active role in improving their Grassroots Local government and

communities by providing a initiative of a Report and track municipal authorities Statistics
SeeClickFix Redgional platform for reporting and roup of New non-emergency Service providers and Comprehensive Yes No
(USA)/2008 9 resolving non-emergency E'avepn residents issues in contractors reports

issues, and to facilitate (USA) community Community organizations ~ Maps

communication between and neighborhood

citizens and local authorities associations

. Incidents of Citizens and individuals .

Provide a platform for violence Humanitarian Incident reports
Ushahidi collecting, visualizing, and A team of harassmént or oraanizations Maps (geospatial
(Kenya)/2008 Global sharing information about developers in other robléms Mg dia outlets information) Yes No

Y crisis situations, disasters, Kenya durin pthe Government agencies and Response and relief
and other events in real-time g . ; 49 reports
Kenyan elections  public authorities

Enable citizens to report

suspicious activity, missing

persons, and other incidents Identifyin
Burgernet . in real-time, and to provide Y Citizens, .

Regional . The Dutch suspects or - Non-detailed
(Netherlands)/ law enforcement agencies . . : - Police departments, . Yes No
. National Police locating missing - statistical Reports

2009 with the tools and resources orsons Emergency services

they need to respond quickly P

and effectively to these

incidents

Collect data about road E%r;{]oenrsch;F (gn d Residents and drivers Road condition data
Street Bump conditions and identify areas y Detect and record Visualizations and

Local - - Massachusetts Local government and Yes No
(USA)/2012 in need of maintenance or . road roughness . - maps
: Institute of transportation authorities .
repair Analytics
Technology
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Table 3-3 Crowdsourcing platforms - summary of key data (cont.)

Platform Territorial Cooperation
name/Year of scope Purpose of action Creators Thematic scope Addressees Feedback with the Gamification
creation authorities
The City of . Issue tracking
Provide a centralized platform for Boston's ,s\g?\?ii?eersgget;tas e Eﬁ:ﬂiggs Performance
BOS:311 . citizens to report non-emergency Department of - s metrics
Regional » : : and other City officials n Yes No
(USA)/2015 issues and service requests to the Innovation and interactions with and govermnment Comprehensive
City of Boston Technology residents anencies reports
(DolT) g Maps
Residents
Report and track
- o e Loca
PublicStuff _ Improve tr_le communication and Stu_dents_, at of issues such as government Reports_
(USA)/2010 Regional collaboration betweep |OC§| University c_Jf potholes, graffiti offlc!a!s _Geospatl_al Yes No
governments and their residents Pennsylvania or brokeﬁ ' Mun_mpal information
- service
streetlights departments
Promote community engagement, Residents
enhance environmental awareness, UK-based Local Statistics
Love Clean and improve the quality of life for company called Report issues such authorities Comprehensive
Streets Local residents and visitors by facilitating Keep Britain as litter, graffiti, Environmental reports Yes Yes
(UK)/2020 effective communication and Tid and fly-tipping services Mans
collaboration between individuals y departments P
and their local authorities P
Enhance community engagement, Residents
promote accountability and Report issues such  Local
transparency, and improve the Australian as potholes, governmentand  Statistics
Snap Send Solve Regional quality of life for residents by company called damaged municipal Comprehensive Yes Yes
(Australia)/2010 facilitating effective Outware Mobile footpaths, and authorities reports
communication between abandoned Service Maps
individuals and their local vehicles providers and
authorities contractors
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4. CHALLENGES FOR APPPLICATIONS

In the ever-evolving landscape of application development, crowdsourcing has emerged
as a powerful approach that leverages the collective wisdom and expertise of a diverse
crowd. By tapping into the knowledge and skills of individuals from different
backgrounds and locations, crowdsourcing enables the creation of innovative and user-
centric applications. However, this collaborative model comes with its own set of
challenges that must be carefully addressed to ensure the success and integrity of the

crowdsourcing process.

This chapter explores four crucial challenges that arise when crowdsourcing applications:
Quality Management, Ethics and Privacy, Sustaining Motivation, and Gamification.
Understanding and effectively managing these challenges are fundamental to harnessing
the true potential of crowdsourcing and delivering high-quality, ethically sound, and

engaging applications.

4.1. Quality Management

Quality management refers to the process of ensuring the quality and accuracy of the
work submitted by the crowd. To ensure the quality of work produced by the crowd,
quality management processes need to be put in place. These processes may include
setting clear guidelines and instructions for the tasks, providing training and feedback to
workers, and implementing quality control measures such as spot-checking or double-

checking work.

There is a need for techniques that can measure the quality of the data collected, detect
low-performance senders without the necessary skills, knowledge or motivation, or
prevent spam senders who intentionally post irrelevant, unsolicited, or low-quality
contributions. Verifying every answer collected is a very demanding process and makes
crowdsourcing inefficient. The solution to this problem is to rely on repeated tags in the
activity. In this method, a task to be given is performed by more than one volunteer. As a
result, both the correct answers to the task are verified and the data collection quality of
the volunteers is measured [19]. In a similar algorithm proposed by Dawid [20], the
accuracy of the event was calculated using the quality of each employee and the situations
tagged by the employees, and the quality of the participant was also estimated using the

correct or incorrect answers.
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In another technique, the duration of a participant for the given task is calculated, and the
duration of the other participants is compared with this time, and it is calculated whether

they have passed the assigned task or not [21].

Another way to ensure quality is to prequalify volunteers. At this stage, they can have
information about the project with lessons and videos about carrying out their duties and
can take precautions against the situations they will encounter [22]. Also, Wang [22]
suggests a simple way for the selection of volunteers which is using a qualification test
or gold-injected method. Before tasks are given to the volunteer candidates, an aptitude
test including golden tasks is applied to measure their adequacy. Quality of candidates is
calculated based on the responses to the golden tasks. Candidates or fraudsters whose
participation probability is below a certain level are prevented from entering the project.
In addition, in this way, the volunteers will be more familiar with the tasks that can be

given.

Providers should first communicate their requirements to the volunteers in cases where a
sufficient quality contribution is expected. These definitions help volunteers complete
their tasks more reliably. In addition, volunteers' evaluation of each other is an effective
way to increase quality. In this way, volunteers can contribute to quality by verifying each
other's data [23].

Collected data from the community can sometimes be of poor quality. Some malicious
volunteers may have deliberately given wrong answers. Sometimes, because volunteers
have different levels of education and expertise, those with lower qualifications may not
be able to fulfill their assigned tasks. In such cases, focus should be given to groups of

participants with proven capabilities without significantly reducing quality [24].

In summary, providing quality in crowdsourcing projects is essential for reliable results,
accurate information, effective problem solving, user satisfaction, reputation and trust-
building, and upholding ethical standards. By prioritizing quality, crowdsourcing

initiatives can maximize the value and impact of the collective wisdom of the crowd.

4.2. Ethics and Privacy

Protecting the ethics and privacy of volunteers in crowdsourcing projects is of utmost
importance. Volunteers contribute their time, effort, and personal information to
participate in these initiatives, and safeguarding their ethical well-being and privacy is

crucial for maintaining trust and ensuring a positive experience.
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Security and privacy problems encountered in projects where data collection from crowds
Is done through mobile applications is an issue that needs to be investigated and is a
difficult situation to evaluate [25]. Because some applications collect a lot of data,
including sensitive data, it is very important to protect this information from unauthorized
access, misuse or disclosure. For example, data collected with built-in GPS tracking
modules can cause the user's home and work locations to be easily found. Therefore, these
platforms should ensure the privacy of users and include measures to give a sense of trust
[26]. Maintaining confidentiality protects both the volunteers and the integrity of the

project.

While crowdsourcing projects can offer valuable opportunities for volunteers, it's
important to be aware of the potential negative aspects related to the earning aspect that
can impact ethics and privacy. As the data collection process becomes automated without
realizing, subjects may be unaware of how their data is processed and monetized [25].
There is a heightened risk of privacy violations if the organizers prioritize monetization
over implementing robust data protection measures. Without appropriate safeguards,
personal information may be mishandled, shared with unauthorized parties, or used for

purposes beyond what volunteers and beneficiaries consented to.

In mobile applications used for data collection and analysis, the privacy issue is either
ignored or users are not offered any options to ensure privacy [27]. Nicolosi [28] has
planned that the participants choose the level of confidentiality they want at the time they
provide data, transmit the data to the source provider, and then publish the data entered
anonymously to the institutions that want to see it on their websites. Besides, [29], [30]
has proposed a spatial cloaking technique to hide the position of users when they do not
want to share their location. Li [31] has applied techniques such as blind signatures to

ensure confidentiality and prevent malicious attacks.

Some studies involve utilizing encryption techniques to hide sensitive information while
collecting and sending data. Gentry [32] has proposed a scheme that will ensure that the
original data, the intermediate data generated in encryption, and the final output data
remain fully encrypted. Some studies have used blockchain technology to ensure the
confidentiality of data. Li [33] has created a framework in which the data contributed by
the participants can be deciphered by certain employees without any authority institution
and guaranteeing confidentiality. The blockchain-based system proposed by Yang [34]

has not only included mechanisms aimed at protecting user privacy but has also increased
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the success rate of users in the task. In the structure proposed by Tiwari [35], a biometric-
based authentication mechanism is included to securely access and share data.

In some participatory data collection operations, only one participant receives the award.
The fact that only one of the participants who participated in this situation knowingly
received the award and the others were left without a prize despite their efforts, causes
some ethical problems [25]. Providers of such applications are required to announce their
expectations and demands from the winning participant before accepting the applications,
and before organizing the contests with participation [36]. It is important to explain the
characteristics of the performance criteria to be met and the problem being investigated
and to determine the prize.

Another point to be considered about data protection is the good balance between the
quality of the data collected and the wood to be given for confidentiality. Methods such
as mosaicking, which can be done on collected images to protect privacy, degrade the
quality of the collected data, and crowdsourcing negatively affects performance [27]. The
decision of how to use these techniques should be based on the context, privacy

requirements, and intended use of the data.

In conclusion, protecting the ethics and privacy of volunteers is essential for maintaining
trust, engagement, and the overall success of crowdsourcing projects. It upholds
individual rights, respects personal boundaries, and ensures that volunteers can contribute

in a safe and supportive environment.

4.3. Sustaining Motivation

Motivation can be defined as an impetus to increase energy or the process of stimulating
actions that help achieve a goal [37]. It is a crucial factor in crowdsourcing applications,
as it influences the engagement and quality of contributions made by the crowd. Also, it
is a multidisciplinary research topic discussed in many fields such as psychology,
medicine, social sciences, and business. In another definition, motivation is considered to
be the feeling that drives people to continue an action that is subjective (existing in the
mind) or objective (a target related) [38].

People's participation in citizen science practices is affected by motivation factors in
many ways [39]. The increase in the need for data to be collected through citizen science
and the increase in projects created for this makes it very important that participation is

sustainable [40]. According to various surveys, participant interviews, and interviews
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with program leaders, motivations for participating in citizen science projects are listed
as protecting the environment, contributing to science, or being part of a community [41].

Motivation is divided into two groups as intrinsic and extrinsic motivation. Intrinsic
motivation is a type of motivation that comes from within an individual and is driven by
internal factors such as learning, self-actualization and self-worth [42]. It refers to the
natural desire to engage in an activity or pursue a goal simply because it is inherently
interesting, challenging, or fulfilling. In contrast, extrinsic motivation is a type of
motivation that is driven by external factors such as rewards, recognition, or fear of
punishment [42]. It refers to the desire to engage in an activity or pursue a goal in order
to obtain a tangible or intangible reward or avoid a negative consequence. Many citizen
science studies reveal that intrinsic and extrinsic motivations are the main factors that
affect users' active participation and production of quality results [43]. An experiment
conducted with students showed that intrinsic motivation enables them to behave more
well-intentioned in information sharing [44]. In another study on employee loyalty and
their work, it was concluded that intrinsic motivation is more effective than extrinsic
motivation, providing better performance and more return [45]. As a result, the increase
in extrinsic motivation causes a decrease in intrinsic motivation. Because external factors

such as reputation or money affect people and their behavior.

4.3.1. Extrinsic Motivations

Monetary rewards: It is the most common extrinsic motivation used among the factors
that motivate the success of the information exchange and the competitors. Participants
stated that monetary rewards affect their decision to participate in a task and their level
of commitment [46]. A study concluded that, unlike the participants who did not receive
any financial reward, those who work an extra day and earn monetary gain are more
productive and willing [47]. In general, people are more likely to participate in these
activities if they believe that the rewards are worth the effort required to participate.
Thanks to the awards received, participants feel that they are more recognized by the
employer and they respond with more commitment. The rewards obtained help them to
put more effort to meet the expectation, believing that their work is an indication that they

are appreciated.

Reputation: Reputation can be a powerful motivator for mass participation activities.
People often participate in these activities to enhance their reputation, whether it's among
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their peers, their industry, or their community. This can be obtained by solving problems
effectively, assisting others, or compliments [48]. In addition, participants are likely to
increase their motivation with the sense of protecting their reputation, winning the
competition, and continuing to participate. A good reputation can bring many benefits,
such as trust, respect, and admiration, while a bad reputation can lead to social exclusion,
stigma, and even professional consequences. As such, people often go to great lengths to
cultivate a positive reputation, whether by achieving excellence in their work, networking
with influential people, or engaging in philanthropic activities. While reputation can be a
powerful motivator, it can also be fragile and easily damaged, so it requires ongoing effort

and attention to maintain.

4.3.2. Intrinsic Motivations

Self-efficacy: Self-efficacy refers to an individual's belief in their ability to successfully
perform a specific task or accomplish a particular goal. It is a key concept in psychology
and is closely related to the idea of self-confidence. Self-efficacy beliefs can have a
significant impact on an individual's behavior, motivation, and overall well-being. It is
believed that the participants with a high self-efficacy level put more effort to solve the
given problems and are more effective solvers in crowdsourcing applications due to their
tendency to endure difficulties [49]. Furthermore, it is determined that the participants,
who are competitors and always thinking of winning, are more willing to participate in
crowdsourcing tasks with the desire to win. By promoting self-efficacy, designers and
managers of crowd-sourcing projects can encourage greater participation, higher-quality

contributions, and greater satisfaction among participants.

Learning: Learning can have a significant impact on motivation by providing individuals
with a sense of progress, achievement, and personal growth. Learning can be acquired
through sharing ideas, brainstorming, solving other people's questions, and examining
others' answers [48]. A community that provides an environment for its participants to
learn new things every time can be motivating for people and keep them engaged and
interact with the topics discussed in this environment [50]. In terms of education, it has
been observed that learning from intrinsic motivations is in a parallel relationship with
performance. Contests aimed at innovation and creativity, in which students participate,
can inspire new ideas and solve problems. When students believe that they have gained
new knowledge through these competitions, they are curious and more willing to spend

their energies in this direction [51]. To sum up, learning can have a powerful impact on
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motivation by providing individuals with a sense of progress, personal growth, and
achievement. By promoting learning, organizations, and individuals can enhance

motivation, increase performance, and achieve greater success.

4.4. Adoption of gamification

Gamification is the application of game elements to non-game contexts to strengthen
volunteers’ motivation and utilize information to achieve goals and/or engage in various
behaviors [52]. Compared to a uniform application design, a gamified design can offer
its users a more interactive environment and enable them to have a game-like experience,
which can create value for the user [53]. In this way, a design has been widely applied in
the fields of education, health, and marketing from the past to the present and has played
an important role in the participation of users [54]. Similarly, crowdsourcing applications,
which rely on the contributions of a large group of individuals to solve complex problems
or complete tasks, can benefit greatly from gamification. By adding game-like features
such as points, badges, leaderboards, and challenges, crowdsourcing platforms can
increase user engagement, motivation, and participation. Gamification can also help to
foster a sense of community and competition among users, which can lead to higher
quality contributions and better outcomes. Overall, the use of gamification in
crowdsourcing applications can enhance user experiences and improve the effectiveness

of these platforms in solving real-world problems.

Gamification elements that can be implemented in a typical crowdsourcing platform are:
scores (scores), leader boards (rankings), achievements (badges), progresses (levels),
resources (virtual objects or territories), and missions, characters (avatars) [55]. By
adding game-like features these platforms can increase user engagement, motivation, and
participation. Hamari [56] has grouped these elements into three main categories:

immersion, social, and achievement.

Immersion-related gamification is a strategy used in game design to engage and motivate
players by immersing them in a game world or experience. It involves creating a game
environment that is visually and audibly appealing, and that captures the player's
imagination, emotions, and attention [57]. The goal of immersion-related gamification is
to make the player feel like they are an integral part of the game world, rather than just

an outside observer. By creating an immersive gaming experience, players are more likely
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to become emotionally invested in the game and therefore more likely to continue
playing.

Social-related gamification method includes making use of social networking tools such
as chats, blogs, and peer ratings to provide users with a sense of belonging, to ensure that
they are in close communication, and to establish a social network through mutual
assistance [58]. The goal of social-related gamification is to make the application
experience more social and interactive, which can lead to increased engagement and
motivation to play. Social-related gamification can be used in a variety of contexts, such
as in educational games to encourage collaboration and teamwork, or in fitness apps to

encourage users to connect with friends and share their progress.

Achievement gamification is the use of game design elements and mechanics to motivate
and engage users by providing them with a sense of achievement and progress with
components such as points, levels, and badges. This type of gamification can increase
competition among users and encourage users to keep them in continuous use by
providing visible indicators to express level [59]. They can elevate their status by
consistently achieving challenging goals, which fosters a sense of accomplishment and
pride [55].

Overall, the use of gamification in crowdsourcing applications can enhance user
experiences and improve the effectiveness of these platforms in solving real-world
problems. But, as understood from the reviews, injecting gamification into applications
is not an easy process. Complex design difficulties of a system that affects people's
behaviors and motivations bring along very difficult conditions for system developers
[60].
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5. PROPOSED SYSTEM

This section presents the architecture of EcoSnap application as illustrated in Figure 5-1,
and describe how it was developed. It provides an overview of the structural framework
that underlies EcoSnap's functionality, emphasizing the careful design choices and
technical considerations that have shaped its development. Through an in-depth analysis,
it is aimed to showcase the robustness and efficiency of the application's architecture,
highlighting its ability to handle user interactions, process data, and deliver a seamless

user experience.

Basically, EcoSnap is composed of three main parts, database, backend, and frontend.
For the database, PostgreSQL used, an open-source, platform-independent advanced
object-relational database management system (ORDBMS) that is popular all over the
world. PostgreSQL offers many innovative features that are attractive to database
developers such as array data types, parallel queries, supporting JSON data type, and
running queries on it. Moreover, you can manage your geographic data with PostgreSQL.
PostgreSQL becomes a database to support spatial data structures with PostGIS plugin.
Also, it is platform-independent, as it works on all modern operating systems (Linux,
Unix, Windows, Mac OS, etc.) and processors (x86, x86_64, 1A64, etc.). User data and
activities are stored in a PostgreSQL database. Users do not have direct access here; they
perform their requests through the a Rest API. This database, APl codes, and assets are

kept on the Ubuntu server with average features.

The next part is the Rest API application, which is used to perform database operations.
We have taken care to abstract the application from frontend as much as possible and to
be independent. This backend application can respond to requests from both frontend and
external services independently. It has its own security, logging, authorization, and
verification mechanisms. It is also responsible for saving the photos uploaded by the users
on the server where it works and using it over an accessible link. In addition, it presents
an interface for sharing the data recorded by the stakeholders. This interface is provided
by Swagger component. This component automatically creates documents for methods
and objects found in the API. This document not only allows people to better understand
the backend, but also enables them to easily use the JSON content in their applications

using the code language of their choice.
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The last part is a frontend application. Cross platforms have been examined in order to
make the frontend application work in the two most commonly used operating systems
in mobile phones (ie., Andriod and i0S). React Native was chosen for EcoSnap, which is
easy to learn, has more community, and includes many map components. Also, when
faced with any coding problem, ready-made examples for solution can be found easily.
There are two different ways to develop applications with React Native: Expo CLI and
React Native CLI. Expo CLI is third-party service, but React Native CLI was developed
by React Native team and community. Expo CLI was chosen because it offers a more
streamlined application development environment. Although Expo CLI has many
simplified libraries for accessing device features, React Native CLI has not so many.
Also, expo is used to package of the application. EcoSnap packaged this way is available

only on Google Play for now. It will also be presented in the Apple Store in the future.
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Figure 5-1 EcoSnap architecture
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5.1. Project Creation

There are two commonly known methods of creating web pages today: these are multi-

page applications (MPA) and single-page applications (SPA).

Multi-page application (MPA) approach has been widely used by developers as a method
for creating web applications from a recent past to the present. The developers have

gradually given up using this approach. This model is based on creating separate html
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files for each page. A request is sent to the server for the content that needs to be loaded
dynamically or for transitions between pages, and then the HTML file created by the
server in response is downloaded time [61]. This prevents the data transfer from working
properly and causes delays especially in loading and displaying pages. As a result, users

are exposed to very long waiting times by today's standards.

In today's modern web standards, SPA is the most common approach which is a more
user-friendly and faster option. SPAs have gained popularity due to their ability to create
fast, interactive, and responsive web applications, providing a more seamless user
experience compared to traditional multi-page applications. Traditional web applications
work by navigating between different pages, where each page triggers a new request to
the server, causing the entire page to reload. In contrast, SPAs load the initial HTML,
CSS, and JavaScript files from the server, and subsequent interactions are handled by
making asynchronous requests to the server for data updates. The server typically
responds with data in JSON format, and the SPA uses this data to dynamically update the

content on the page without requiring a full page reload.

In this approach, even separating the frontend from the rest of the logic via API provides
many benefits. Most importantly, it provides loose coupling between backend and
frontend logic. It allows frontend and backend to be developed independently at different
times and by different people. In addition, by using techniques such as caching, SPAs can
offer limited functionality even when the user is offline or has a poor internet connection.
Also, SPAs can leverage client-side caching to store previously fetched data, reducing the
need for repeated server requests.

Domain-driven design (DDD) is a very efficient approach to developing applications with
a SPA approach. From a technical point of view, the domain model can be used as a basic
component both on the backend and frontend. For this purpose, the domain model, which
is created in EcoSnap application, has formed the core of the application thanks to both
its use on the frontend by generating it with OpenAPI Generator tool and its efficient use

by other API layers on the backend.

Nowadays many SPA frameworks offer ease of use and extra features. Here are some of
the frameworks that are widely used: React and React Native from Facebook, Angular
from Google, and Vue [62]. Although these languages are JavaScript based, they have

their language syntaxes. If we make a comparison among these frontend languages, React
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can be accepted the most popular language for developers with over 203K GitHub stars.
Vue.js, which was developed in 2016 and has 202K GitHub stars, is one of the languages
whose popularity has decreased recently. Angular, on the other hand, is still one of the
most common languages, with more than 86K GitHub stars, even though it has been on
a huge decline lately. As it can be understood from the analysis in Figure 5-2, it is
determined that only React maintains its popularity with increasing momentum, while

other languages were stagnating.
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Figure 5-2 The popularity scale of the 4 most well-known Javascript frameworks

React was launched by Facebook in 2013 with the slogan "JavaScript library for building
user interfaces" [63]. It has a component-based architecture, and each of these
components represents pages or elements on them. Facebook makes use of these
components on many of its pages. Since React uses the virtual DOM unlike other
languages, it calculates the differences that may occur on the pages in the possible update
processes, then transfers these changes to the actual DOM in the most efficient way.

Thanks to this feature of React, the pages work more effectively and quickly.

React Native is also a JavaScript-based language developed by Facebook and designed
to develop mobile applications. It is an open-source framework and is used for developing
native applications running on mobile devices. Thanks to this framework, it is possible to

develop applications running on both Android and iOS systems. This is called “Cross-
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platform Development” which is the process of building a mobile application that can
ultimately be launched on several operating systems - e.g., Android and iOS - based on
one source code. Most enterprises and startups want their application to be available on
many devices with different operating systems to cover as much of the market as possible.
The main feature of cross-platform technologies is that the created source code of the
application works on many platforms at the same time, with slight differences in the code
between iOS and Android platforms. This is mainly possible thanks to cross-platform
frameworks such as React Native or Flutter. Cross-platform can be summed up as “One
programming language that works on the most important platforms”. Most programmers
who can develop applications in the React language can easily adapt to this language. It
has a lot of developers today, thanks to its being JavaScript-based and easy to write and
understand. React Native apps are written with JSX syntax, a mix of JavaScript and XML-
esque markup languages. The main purpose of JSX is to provide a more visual code usage
by writing HTML code inside JavaScript files. It also allows us to show the elements or
components included in the document structure in declarative form. In this way, more

complex but easier to understand components can be created.

Communicating with the API in React is done using the Axios library. According to the
latest npm statistics, it has a weekly download stat of over 40 million. Fetch API, which
emerged in 2015, was not preferred because it is difficult to use and has less built-in
functionality than Axios. Axios also makes it possible to make general changes and
additions to incoming or sent requests, thanks to its method features such as interceptor
and await/async. It was used to add the token from a single point over the headers.

A Open Street Map (OSM) tile is used to visualize mapping operations in EcoSnap. It is
a project that was founded in 2004 and consists in creating and sharing a map of the world
by the community. It is available to anyone and can be edited by anyone who wants to
contribute to its development. OSM is an alternative to traditional maps, such as Google
Maps, which are based on closed data. One of the main differences is the cost of using
the service. When you embed the Google Maps module on your website, you can only
generate a certain number of impressions for free. After exceeding the limit, you will have
to pay for access to the service. Otherwise, the map will stop working. OSM is completely

free even for commercial use.
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5.2. Domain Driven Design

Throughout the development of EcoSnap, it was aimed to be a quality software. To ensure
this, functionality and user tests were applied. Although developing properly working,
error-free software does not mean that the software model is of the best quality. While
aiming to have the least faulty codes, a well-designed model takes things to the next level.
By far, the most popular software architecture design model for business applications is
Big Ball of Mud (BBoM). It is haphazardly structured, sprawling, sloppy, duct-tape and
bailing wire, spaghetti code jungle [64]. The model of complex business practices, which
started with enthusiasm and beautiful dreams, may turn into this model over time. Instead
of modular and permanent methods, it may be desired to be solved with simple and
temporary methods that can solve the problem at that moment. In such cases, the codes
start to get worse and worse. Continuing improvements on the bad method make things
unbearable. To maintain the quality of the software, the project should be stopped and the
codes reviewed. It is necessary to update with more effective, up-to-date, and modular

codes.

The Domain-Driven Design (DDD) approach was introduced by "Eric Evans", author of
Domain-Driven Design: Tackling Complexity in the Heart of Software, to ensure the
successful and in-depth application of ever-changing business conduct rules to your
software project in harmony and order. With this approach, continuity and permanent
solutions to the main problems that are constantly experienced can be brought in the

software development phase or the projects implemented.

Evan [65] describes the principles of DDD is that focusing on the core complexity and
opportunity in the domain, not focusing on the technical platform. Also, models are
explored in collaboration with domain experts and software experts. We don’t say to the
business people you are the ones who know the business so give us a model. Or we are
the ones responsible for the software so we will develop the models. It needs to be done
together. Moreover, Evan [65] suggests that software should explicitly reflect that model.
However, this approach brings some difficulties concerning communication at the
beginning. While developers usually define the relationship between real life and
programming with classes, methods, algorithms, and patterns, domain experts may not
mean anything. In order to eliminate this difference encountered in communication, ideas
should be exchanged about the models and elements created. A ubiquitous language is

the existence of a common language between domain experts, developers, project
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managers and, stakeholders, and is very effective in the success of the project. Since
domain services are very important to the model, their names and usage should be part of
the domain language, which is a conceptual expression called Ubiquitous Language.
Their meanings and responsibilities should be consistent and logical on the part of the

client and the domain expert.

5.2.1. Layers in EcoSnap Domain Design

Eric Evans in the book DDD: Tackling Complexity in the Heart of Software [65] presents
a model characteristic of Domain Driven Design, which consists of the following layers
as shown in Figure 5-3: Presentation/User Interface, Application, Domain and

Infrastructure.

Presentation Layer

I ]

Application Layer

[ Command ] [ Query ]

I ]

Infrastructure Layer

[ DbContext ] [ Repository ]

I

Domain Layer

Figure 5-3 Dependencies between layers in DDD

Domain layer acts as a core component and is where the business is expressed. Instead
of technical details which deal with infrastructure, Cesar [66] remarks that this layer is
liable to represent business concepts, rules, and situations. In .NET projects, this layer is
a class library that contains domain entities and rules about entities. Also, it must not

include any dependencies on the infrastructure and should consist only POCOs.
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Domain model layer of EcoSnap application consists of a base entity class and interfaces,
aggregate and sub-entity classes, translation entities, and reference entities. An abstract
class named AuditionEntity was created and thanks to this class, the information by whom
and when the transactions were performed are recorded. Also, another abstract class was

created to support localization and interfaces for entities.

Infrastructure layer is the layer where backend application connect to the external
environments. It supports communication between layers and is responsible for storing
and accessing data (persistence, storage). In addition, it allows access to other system
resources, e.g. AMQP, Redis, Ceph, Elasticsearch, loggers, cache, file system, various
types of systems responsible for sending messages, etc. Focuses on technology-specific
decisions and deals with the implementation part rather than the purpose. In this layer,
repository interfaces and other domain instances defined in the domain layer can be

created.

EcoSnap infrastructure layer consists of database operation artifacts, filters, and other
external operation services. A database is designed in the Code First structure and chose
Entity Framework Core as ORM tool. ORM or Object to Relational Mapping is basically
a software architecture that allows to use tables and fields in the database as objects. At
the heart of Entity Framework (EF) Core are DbContext objects, which are a gateway to
the database. This class is an abstraction layer between EF Core and domain models.
Thanks to this abstraction, models become independent from the EFCore and will be
effective even if the ORM tool changes when needed. While the application was
launched, some data need to be available in the database. Gorman [67] stated that if it is
desired to have default values in the database, putting them in the seed method is the best
option. This way ensures that data is available in tables. There are many ways to approach
working with seed data. Although it is possible to perform this process within the Fluent
API, a class was created for seeding operations and exposed a static method that is
triggered every execution of the program. Moreover, there are some services for external
communication. E-mails are sent to users with mail service such as account activation.
Photo service is used to save activity photos that send from users. Token and password

services are used to securely store user data.

Application Layer contains services that are open to the external environment
(presentation layers or other remote services). This layer acts as a bridge between the

domain layer and the external environment. According to Evans [60], this layer should
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be kept as thin as possible and should not contain business/domain rules. It should provide
cooperation between domain services and coordinate tasks. Creation of Data transfer
objects (Dtos), data conversion, coordination of repository calls, etc. can be given as

examples of these tasks.

Ecosnap architecture have created in accordance with this structure and whose layers are
shown in Figure 5-5, application layer is located just below the presentation layer.
Command Query Responsibility Segregation (CQRS) pattern have used. CQRS means
separation of command and query responsibilities. Although it is a pattern that has been
increasing in popularity in recent years, its popularity has increased gradually after the
article [68] written by Martin Fowler after hearing this pattern by Greg Young. While the
Create, Read, Update, and Delete operations used in software projects are called
Command, query operations correspond to Query. Implementing CQRS EcoSnap will
maximize its performance, scalability, and security. The flexibility created by migrating
to CQRS allows a system to evolve better over time and prevents update commands from
causing domain-level conflicts. Thanks to this pattern, read and write operations are
separated as shown in Figure 5-4 and this allows to use a separate database for each
operation. Since read and write are separated, no need to wait for any read or write
operation. In EcoSnap, these processes is performed using the MediatR library. MediatR

sends the request to the handler written for the relevant method with the help of “Send”
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Figure 5-4 Dedicated READ and WRITE models
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Also in application layer of designed model, FluentValidation is used to validate
incoming requests which is a library used for building strongly-typed validation rules.
Validation is the evaluation and checking of conformity in order to introduce objects into
business rules. This tool was used to validate parameters used as input in all command
and query classes. Moreover, Automapper library is used to mapping objects to each

other. Instead of mapping individual objects wherever they are needed, they can be
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controlled from a single place via mapper, and the necessary parsing operations can be
provided through this library. It allows to get rid of complex codes and save time.

Having Exception Management in the application layer is important for the sustainability
and security of the application. If bugs are not managed properly, they can be attacked
from outside uncontrollably and confidential information can be exposed. A custom
strategy has been designed for the management of errors in the application. All possible

error types and details are given in response to incoming requests.

Presentation layer takes reference from Application layer and users do not see any
models directly in the domain layer. Instead, request and response structures from
WeDbAPI will be seen. This layer is responsible for communication with the user and the
presentation of information, regardless of whether it is a web, desktop, or native mobile
application [65]. It mainly contains Controllers and Views, as well as JavaScript, CSS,
HTML, and other object-related requests or responses. Requests are received from the
external environment through this layer, and the response is shaped and forwarded to the
clients in this layer. Evans [65] stated that there is no sharp distinction between the
Application and Presentation layers and that they are created as a single layer in some

projects, and that the codes are separated in some projects.

Presentation layer of designed model consists of a .Net Core WebAPI project. The API
application is created in REST architectural style, which is a service structure and data
transfer method that enables fast and easy communication between client and server. It is
also faster because it sends and receives data with minimum content and has a simpler
structure compared to other alternatives. Web services written in accordance with REST
standards are called RESTful services. Also, this layer contains MVC Controllers to
process and respond to incoming requests. JWT (JSON Web Tokens) are used for user
authentication, user identification, data integrity and information security protection in
constantly communicating mobile and API systems. By using this key, it is possible to
access application records when the information in them is decrypted. In addition, what
the API methods do and how they are used should be clear in the documentation.
Manually writing APl documentation is both difficult and impossible to keep up to date.
Somehow it is necessary to produce this documentation up-to-date. Swagger is used for
these processes. An important purpose of Swagger is to provide an interface for Rest
APIs. This allows both people and computers to see, examine and understand the features

of Rest APIs without accessing the source code. An open source 3rd party application
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“Serilog” was used for the logs to be recorded in the API. What distinguishes Serilog
from other libraries is its very useful structured logging feature. Structured logging is a
way of recording application logs with a predetermined and standardized message format
[69]. That is XML or JSON format and they can be handled as data sets instead of text.
As a result, these logs can be analyzed and searched effortlessly. Also, “Application
Insights Telemetry” is used to monitor application status, track incoming requests, detect
exceptions, automatically detect performance anomalies, diagnose problems, and helps
understanding what users are doing with API application. The collected metrics and log

information is stored on the server daily.

Presentation Layer
ASP.NET Web API
Api contracts/implementation
Other infrastructure implementations used in application
Logging, Versioning,Swagger configurations etc

Application Layer
Commands and command handlers
Queries and query handlers
Create Data Transfer Objects (DTOs)
Custom result classes
Response classes

(A Solution 'EcoSnap-App' (4674 projects)
b 3 Solution Items

b &1 EcoSnap.Api

2 EcoSnap.Application

3

3

EcaSnap.Domain Domain Model Layer
EcoSnap‘Infrastructure\ Reference entity
Translation entity

POCO entity classes
Base entities and interfaces

Infrastructure Layer

Use of ORM
Entity framework core context
Entity configurations
Migrations
Database seed records

Filters
Soft delete filter

Other infrastructure implementation used from the appplication layer
Mail service, Token service, Photo service, Password service

Figure 5-5 DDD layers in EcoSnap

5.3. Account Screens

These screens are used before EcoSnap activities and are necessary for personalizing user
actions and controlling who created them. Users can log in to the system, register or

perform password operations through these screens.

5.3.1. Login Screen

To use all screens other than account screens, each user must log in using login screen in
Figure 5-6. To log in to the system, users must enter their e-mail address in the username

field and the confidential word they have determined in the password field. In addition to
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this option, it is also possible to log into the system with a Facebook or Google account.
After clicking the login button, this payload information is sent to the backend. After
checking the validity of the user information, a positive or negative response is sent by
the backend. The positive response object contains the user information and token
information generated to be used for the accuracy of subsequent requests. In case of
negative responses, the error message and HTTP response status codes are returned. The
frontend side uses this information to redirect the user to the next page, the action

registration page.

Sign In

ECOSNAP

or

Figure 5-6 User login screen

5.3.2. Forgot Password Screen

When users forget their passwords, they have the opportunity to reset their passwords
with the "Forgot Password” option. When users submit this request, a notification
message is sent to the e-mail address they used during registration. With the button in the
message, the page where the new password will be set will be opened. If the information
is entered correctly, the password will be successfully changed and then user will be

redirected to the login page.
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5.3.3. Registration Screen

Registration page where the user's data is obtained and information such as username and
password are determined before using the application. After the fields in Figure 5-7 are
entered in the formats in accordance with the predetermined rules, information is sent to
the backend. The validity of the information is also checked on the back side, and as a
result, an information mail is sent to the specified email address for the activation process.
In this case, the user is “NotActivated” and cannot login to the application as long as user
activates the account by pressing the button in the information message. Users can login
after account activation, in this case, the user will be updated with the activated status in
the database. The e-mail addresses specified by the users are kept individually in the
database and can only be used once during registration. The purpose in verifying by mail

is to prevent the user from creating random accounts.

< Register

©

Profilo Photo *

TURKEY v

ANTALYA v

By switching on, you agree to the
Terms and Conditions

Figure 5-7 User registration screen

5.3.4. Change Password Screen

Users can update their passwords using this screen when they deem it necessary to ensure
their security. After the new password is confirmed, a successful password change
confirmation message will be displayed. This screen in Figure 5-8 can only be viewed by

users who have logged into the system before, via the settings screen.
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< Change Password

Your new password must be atleast 6
characters long

1l @] <

Figure 5-8 User password change screen

5.4. Activity Screens

Users who have successfully logged into the system now have the opportunity to report
the problems they encounter through EcoSnap activity screens. In addition, they can
follow their friends and write comments on their activities or show their reactions to

activities with like/unlike.

5.4.1. Friendship Screen

Inter-user communication is given importance in the application. Another familiar user
can be found using the search screen in Figure 5-9-a. Users can send requests to follow
each other so that they can see each other's activities. After this request, a following
request notification is sent by the backend to the other user's screen. According to possible
acceptance or rejection, friendships can be established between users. Users can delete a
user they have previously accepted or sent a request from their list at any time using “My
Friends” screen shown in Figure 5-9-b. In this way, the privacy of users' personal shares

are ensured.
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Figure 5-9 Friend search & followings screens

5.4.2. Activity Feed Screen

This is the default page in the application for logged-in users. On this page, users have
the authority to see both the information about their activities and following friends’
posts. Time, location, photo, details, likes, and comments on the event can be accessed
here. A screenshot with a photograph of the reported activity is in Figure 5-10-a, and with
map showing its location is in Figure 5-10-b. Through the icons on the screen shown in
Figure 5-10-c, reactions to these actions can be easily created and counteractions can be
taken. Activities can only be edited or deleted by their creator. Comments can be written
by other users related to the problem encountered, and comments made by the post owner
can be verified. In this way, points can be earned to the other side in the gamification
logic. Other users can show their reactions to sharing with the like/dislike buttons on this
page. These reactions are reflected by the owner of the share in the form of points, either
positively or negatively. A certain number of referenced posts are made confidential to
users by the system. The activities are displayed on the page with the logic of pagination
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and when the screen is pulled from the bottom up, the old posts are loaded on the page

ten by ten.

ECOSNAP =

Berk Anbaroglu
09/10/2022 at 05:31 PM, Mutiukent Mahallesi,
Ankara

Bad Sidewalk
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(a) Photo view of the activity

(b) Map view of the activity

(c) Reaction icons

Figure 5-10 Activity feeds screens

5.4.3. Activity Creation Screen

Users can instantly share the problems they encounter by using this module. To record an
event in EcoSnap application, you must follow the steps shown in Figure 5-11. When you
switch to recording tab, OSM will automatically fill your map screen as shown Figure
5-11-a. OSM is a project that has become very popular in recent years and is created with
geographical data collected by volunteers around the world and does not require any
permission or fee for its use [70]. The system will read the user's location in the
background and current location will be displayed on the map. If there is an error in the
determined location, there is a way to determine the location by selecting a point on the
screen. Users can take event photo using the camera screen that opens after the location
is determined. There are various adjustment buttons for better-quality photos on the
opened camera screen. After a photo is taken, preview screen in Figure 5-11-b will open
and you will be asked to confirm the photo. In this step, if information and photo are
confirmed, detail screen in Figure 5-11-c will open, where the details of the problem will
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be entered. On this screen, detailed information such as the type, title, description of the
problem, and to whom it will be confidential are entered. It is not mandatory to fill in this
information. After the steps are completed, activity information is created and sent to the
backend for the registration process. APl will validate values and register them into
database, then application redirects to feeds screen with a successful result message. The
page is refreshed so that last record created on screen is displayed at the top. In addition,

users can update these records at any time by using the edit button on the feeds screen.

EcoSnap enables users to report an array of incidents including, but not limited to: Weak
Eduroam, Environmental Pollution, Bad Sidewalk, Electrical Problem, Wrong Parking,
Other Problems, Waste

THI6AME b & Dl nE@ MI9AME h & Gl =@

X Details

Activity Type OTHER PROBLEMS >

Traffic jam

c ollide on the street due to the
absence of a traffic light

Only Friends @

(a) Location selection (b) Photo confirmation (c) Details screen

Figure 5-11 Activity creation steps

5.5. Ranking Screen

EcoSnap includes a comprehensive gamification logic, which is thoughtfully created and
includes competition between users. Xu [71] defined gamification as the use of features
found in game designs, such as points, and leaderboards, in applications to increase

interaction between users and to keep their motivation constant. Application users are
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scored according to their actions within the system as shown in Figure 5-12. The function
of this page is to display the scores of users in a certain time interval. In this way, users
with high performance can be identified. The aim in adding this type of gamification to
the application is that users can benefit from the points they have. It is thought that this

will enable them to continue without giving up on the application.

While scoring the users, the following algorithm was used: +3 points for each activity
sharing, +1 point for each like of the activity, and -1 point for each criticism of the

activity. On the application, the lists are displayed to calculate the last 1-week period.

Ranking

©

FRIENDS ~ OVERALL RANKINGS

2 Berk Anbaroglu

@ llyas Cokan

@ Tugba lidas
“ Mertcan Erdem
@ Yusuf Polat Zorba
@ Tunahan Getin
° Hulya Can

© 06060060 0

Figure 5-12 Ranking screen

5.6. Configuration Screen

Through “Me” screen shown Figure 5-13-a, users can set their own settings on visual
features on application. To make the app more attractive, various themes have been added
that users think they will like. Users can choose their favorite themes and use controls in
various colors and sizes. Also, EcoSnap application offers both English and Turkish
language support, and language selection can be made using the control shown in Figure
5-13-b. Inaddition to these, it is possible to prepare configuration files for other languages
and use those languages on the interface. In this way, it is possible to use the application

from any desired country instead of a certain region. Thanks to the prepared
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infrastructure, it is possible to send information messages about updates or possible

interactions with other users to all or some of the users.

Me
c Hello, llyas =
2, My Account >
(J Change Password >
@ Language S8 N >
English v
{6 Theme Settings Emerald >
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(a) Me screen (b) Language selection popup

Figure 5-13 Application settings screens
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6. RESULTS AND DISCUSSION

This chapter aims to examine the results and implications of the study on the efficiency
and user experience of the EcoSnap. First of all, evaluations will be made on the data
related to the use of the application by the users. Afterwards, the results of the
volunteerism work carried out with the students within the scope of Hacettepe University
Unil01 Course will be given. Then, the results will be evaluated by giving information
about our survey work, in which the application is evaluated by the users and the requests
are collected. Moreover, in order to evaluate the behavior and performance of the
application, the logs collected throughout the study will be analyzed and the results will

be included. Finally, the difficulties and limitations of the applied study will be discussed.

6.1. General statistics of EcoSnap

Using EcoSnap mobile application, citizens can report the problems they encounter
instantly or later in their environment. During one year of development, the features
described in chapter 5 have been successfullly added. However, some important decisions
had to be made in the life cycle of the project. In the beginning, which software language
to use was an issue that needed to be carefully considered. The mobile native languages
Dart and React Native languages have been exemined. As a result of various tests and
trials, it was decided to code the project with React Native because it contains many
components such as map plugins. Another point is that during the design phase of the
application, it is aimed to make the application usable by anyone with iOS and Android
operating systems. However, due to the lack of stakeholders to provide sufficient financial
support in the software development process, it was preferred to support Android systems
as it is more widely used. Despite the problems to be solved, an up-to-date, easy-to-

maintain and developable application has emerged thanks to the technologies chosen.

EcoSnap has been experienced by many people after it was announced to Hacettepe
University students and our close circle. Figure 6-1 is created according to statistical data
from the Google Play Console and shows the number of users owned in certain periods.
The number of users is shown here is calculated by the sum of the current user, the user
who quit, and the number of new users in a certain period. Accordingly, in October 2022,
a rapid increase in the number of users is observed when the application was first used,

but although there were decreases due to reasons such as only having tried the application
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or loss of motivation, the number of users has reached the balance over time and is used

by 85 users according to the up-to-date data.

240

180

User count

60

Oct 2022 Nov Dec Jan 2023 Feb Mar Apr May

Time periods

Figure 6-1 Number of users who installed the app - All users

Figure 6-2 examines the removal of the mobile application from phones and the opt-out
transitions during certain periods. These fluctuations that took place in certain periods
allow to have information about the latest status of the application and users. These data
are useful for optimizing the application experience and reducing possible confusion in
terms of stable operation of the application or showing user response to versions.
According to the data obtained after the first release of EcoSnap, an average of 3.43 user

losses occurred within the periods specified in application.
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Figure 6-2 User loss over time for EcoSnap

Although EcoSnap was deleted from their phones by some users, some users continued
to use the application again, as shown in Figure 6-3. According to this information, it

has been concluded that recent users prefer to reinstall the application on their phones.

User count

| T L

Dec Jan 2023 Feb Mar Apr May

Time periods

Figure 6-3 Returning users over time for EcoSnap

EcoSnap is an application open to development and adding additional features. In the
light of feedback from users, it has been released a total of 36 versions by adding new
features and regulations. Considering the mobile environment with high data charges,

download package for Android devices does not cover a lot of space. The compressed
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download size of EcoSnap is 21 MB, and the size on devices is 40 MB. This shows that

it does not bring much load to the devices in terms of storage area.

EcoSnap has compatibility with a wide range of Android versions, confirming the goal
of inclusivity and accessibility in development. Figure 6-4 includes the Android versions
on the devices used by EcoSnap users. By supporting old Android versions, it is ensured
that users with different types of devices can experience the application seamlessly. This
broad support capability allows adopting the latest and oldest Android versions, getting

to know existing technologies, identifying needs, and reaching users from various classes.

35%

28%

21%

14%

Installation percantage

0%

Andriod Versions

Figure 6-4 Percentage of installed Android versions

It emerges from the collected data that EcoSnap, which is called a crowdsourced
participation application, is remembered by users without much difficulty. The
application has been downloaded 298 times on Google Play. While 255 of the users
accessed the application by searching for a name on Google Play, 38 of them downloaded
it with Google Play discovery feature, and 5 of them by directing them from other 3rd

party sites.

Although the reviews and ratings on Google Play page about EcoSnap provided some
feedback about the application, they were not fully informative about the actual needs
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and usability of the application. EcoSnap received full points from 9 users and received

positive comments from 5 users.

When the database data on the extent to which EcoSnap is used by users is examined, it
is observed that 229 problems have been reported by Android device users. The numerical
values of the reports according to the activity type are shown in Table 6-1. When these
numbers and their spatial distribution in Figure 6-5 are observed, it is concluded that
many users do not pay attention to the problem type area while creating a record by paying
attention to the problem type, title and explanation fields of the problems they encounter.
It is thought that the most reported "Weak Wifi" problem is due to the fact that this item
was put in the first place in the event creation module and users did not care much about
the selection process. When the problems reported on this subject are examined, it is
concluded that they actually contain data belonging to different problems. If attention is
paid to the activity details and photos reported by users, it will be seen that only 5 of these
reports really mention Wifi problems, while other records mention other problems. When
the other selected problem types reported is examined, it is seen that these problems are
related to construction, sewerage, disabled people and bad roads and they have details
about them. This information can be reviewed and additional problem types can be added
in the name of zoning problems or disability problems that are not currently available in
practice. When the wrong parking reports were examined, it was seen that there was no
mistake in the reported details and that the information was entered correctly. In the
electricity problem reports, while the problems such as the daytime operation of the street
lamps should be in the type of waste, the users did not pay attention to the distinction in
the problems. Similarly, environmental problems were perceived only as a garbage
problem and identified problems such as falling trees on the streets were reported in the
other types. Another result is that it would be healthy to expand the bad sidewalks title as
bad roads and sidewalks. Except for the generally examined Wifi problems, other
problems were collected with reliable data, and it was seen that there was a harmony
between the subject titles and the photographs. Based on these information, users mostly
complain about bad sidewalks. The information in Figure 6-7 shows that the users are
generally clustered in Beytepe campus and in the city center. In addition, the detected
problems were reported not only from certain regions, but also from many parts of the

city, which shows that the problems exist in many places.
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Table 6-1 Problem counts by type

Problem Type Report Count
Weak Wifi 77
Bad Sidewalk 60
Other Problems 35
Environmental Pollution 32
Wrong Parking 14
Electrical Problem 9
Waste 2
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Figure 6-5 Distribution of reported problems in Ankara

When the locations of all the collected reports are examined, it is seen that the records are
concentrated in the central region of Ankara, as seen in Figure 6-6. Also, it is observed
that there are users who have reported on Aydin and Kars provinces outside of this area.
It is thought that the reason for this is due to the distance education of the students due to
the 6 February 2023 earthquake in Turkiye. When the activities from Kars are examined,

it is determined that a user made 5 reports in the evening of a day. Problems were reported
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under the titles of broken street lamp, environmental pollution, road problems, dogs
without a leash, and lack of doctors within a 4-hour period. Since the user is followed by
a follower, he/she has not received any reaction against his posts. Sharing in Aydin has
carried out by 2 users in the same district, unaware of each other. One of the users made
5 posts in the same day. The user has created an activity on street lamps, road
disturbances, and garbage. The user, who has 2 followers, has not received any reaction
against his posts. The second user in Aydin has created 5 activities on the same day,
including the problems of garbage, sewerage, broken stairs and street lamps. Although
this user has 5 followers, there has been no reaction to their posts. All data showed that
location information could be collected and reported without error. Considering whether
EcoSnap users actually use the application after the registration module, 29 of the
registered users did not activate their accounts and did not take any action when the
collected data was analyzed. 54 of the remaining 144 users have made a report at least
once and 45 of them have created more than one record. It has been seen that the amount
and quality of the data collected allows the precise determination of the point location

and time of the problems encountered.

Figure 6-6 Usage areas of using EcoSnap

In the interaction of users with each other, 145 requests to following were accepted and
50 requests were rejected. In addition, users made 16 comments against each other's posts
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and showed 59 like or dislikes reactions. This showed that users generally preferred to

use the reaction buttons rather than writing comments.

Users are required to share photos to add further support to the event while creating an
activity. Since the sizes of the photos are kept as small as possible, there are no problems
encountered by the users both during the sharing and storing them on the servers. In
addition, another conclusion drawn from the data collected from the use of EcoSnap is
that some shared data contained invalid and incorrect information as seen in Figure 6-7.
Although real reason is unknown, it is thought that these shares were created by people
who use EcoSnap only for testing purposes. The filtering of such false posts will be
provided through kudos buttons included in the application. Such posts, which receive a
certain number of negative kudos from other users will be automatically blocked by the
system. Although it is not currently available in EcoSnap, it is among the measures that

can be taken to completely block users who share this type of sharing from system.

ECOSNAP =

Tugba lidas
5 19/01/2023 at 12:51 AM, Ayranci Mahallesi,
Ankara
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& llyas Cokan
é 18/01/2023 at10:38 PM, Ayranci Df

Figure 6-7 An example of an incorrectly shared photo

6.2. Use case Hacettepe University Uni101 Course

After EcoSnap coding phase, it was introduced to the students for the first time in the
Hacettepe UnilOl course held in Yildiz Amphitheater on September 27, 2022. A

presentation was given to three different cohort of students: i) Computer Engineering, ii)
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Medicine, and iii) Nursing. After that, the rapid increase in the number of users was
observed as shown in Figure 6-1. 92 of these students registered to EcoSnap on the
presentation day and after. However, only 7 reports were made by these users in the
following days. As shown Figure 6-8, in most of these records, they are data for
experimental use. After this process, it was observed that there was a rapid decrease in

the users as shown in Figure 6-2.

o/ LA

Figure 6-8 Photo reported by the user during the Uni101 course

This experience demonstrates that a single large event to describe the application is not

sufficient for its sustained use.

6.3. Survey

A web-based survey is prepared in order to obtain EcoSnap users' opinions about the
application, to evaluate the latest situation, and to identify deficiencies. Google Forms, a
free web-based service that enable the creation and sharing of online surveys, quizzes,
applications, and feedback forms, was used to collect user-feedbacks. It offers a range of
question types (text box, multiple choice, checkbox, rating, etc.) and users can edit these
questions, make some questions mandatory as needed, and add additional explanations or

instructions.

The survey in Appendix 1 was applied in April and May 2023 for a period of four weeks,

after obtaining ethical compliance from from Hacettepe University, Graduate School of
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Science and Engineering. The survey consists of 34, mostly multiple choice, questions.
The average completion time of the survey was anticipated to be approximately 10
minutes. The survey does not contain any questions that will reveal people’s identities.
Therefore, information such as age, gender, exact location cannot be determined.

Questions can be grouped under four main headings:

1. Questions that measure one's sensitivity to the environment,

2. Questions regarding the determination of environmental problems in order of
importance and the evaluation of the services provided by the administrations

3. Questions that determines user experience on the use of EcoSnap

4. Questions that determine people's feedback and requests

The survey was completed by 16 people at the specified times. Almost all of the
participants stated that they are sensitive to the problems around them. While most of
them try to solve a problem by intervening themselves, a quarter of the participants prefer
to solve it through official means. Since most of the participants are likely to live in urban
areas, most of the people complained about the bad roads and the batons. In parallel with
this answer, they stated that they participated in volunteer activities such as planting
saplings. They pointed out that the municipalities were indifferent to these problems that
people stated and that their complaints were resolved by the relevant authorities for more
than a month. As a result, people believe that even if they believe that their environment
is in bad shape, they can be improved with a lot of effort. For Ankara, the city where
EcoSnap was first tested, the biggest problems participants have mentioned are as

follows: Parking problem, garbage and lack of green space or parks.

According to questions about EcoSnap's non-functional features, participants were
satisfied with the initial feel of the interface. The majority did not indicate a problem in
the appearance and harmony of colors. Also, many have found it easy to use. One
participant stated that it would be beneficial to automatically identify problems instead of
reporting by selecting them. This outcome suggests that the application can be used easily
without the need for any documents or training. Although the application's installation
and registration module is generally welcomed, one of the participants stated that s/he
found the area of acceptance and terms for obtaining the user's consent during the
registration process confusing. Regarding the question 21 about the suitability of the
name of the application and what it means to them, the participants found the name

appropriate and answered the application for the environment. Most of the participants
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stated that it would be useful for the question that measures the usefulness of EcoSnap in
solving people's problems and reaching goals. They have marked that they will use it to

report their problems and to follow the problems around them.

According to questions about the functional features of EcoSnap, the participants stated
that there is no significant problem that could prevent their use and that it works smoothly.
A large majority of the participants stated that they believe that the application will be
sufficient to solve environmental problems with its current features and that they see it as
a quality application. Although almost all of the participants stated that they would
continue to use the application, in another question they gave answers that do not match
this. Most of the participants stated that they would use the application for long periods

of time, such as once a week or once a month, instead of using it frequently.

Although our findings are unique to Hacettepe University and users in our environment,
this study offers implications for the design and implementation of similar platforms in
the future. As a result of the survey, it is concluded that the most important factor in
ensuring the continuity of the application is the motivation of the users and gamification.
Despite the support of the users, it was observed that the response of the local
governments to the reported problems caused cooling and withdrawal from the
application after a while. The results show that the local government should have an idea

to support community participation throughout the entire implementation process.

6.4. Log Analysis

Logging plays a crucial role in application development by capturing essential
information about the application's behavior and performance. It enables developers to
monitor the application in real-time, identify issues, and make data-driven decisions for
improvements. Logs provide valuable information during the troubleshooting process by

capturing error messages, stack traces, and exception details.

In line with these goals, logging has been also performing in EcoSnap application.
Serilog, a logging framework that collects log data and offers comprehensive features for
analysis, is used for this process. By logging metric data such as request response times,
error types, it is possible to get an idea about the performance bottlenecks of the
application. It can be used after making the necessary configuration settings by referring
to Serilog to the Api application. It gives opportunity to store on an existing server, file
or console. In EcoSnap log mechanism, logs are recorded daily in JSON files as shown
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in Figure 6-9 and logs are kept for one year. In this way, it is ensured that the files are
replaced with new ones in annual cycles without increasing the data size on the servers.
A sample of the collected logs is shown in Figure 6-12. When the event takes place, many
data such as the path of the request, the result code and the time taken for the response

are recorded.

LT leg20230425,json 485,784 JSOMN File
LT log20230426,json 174,977 JS50M File
IT 1og20230427 json 78,812 JSOM File
IT log20230428 json 105,974 JS0N File
IT log20230429,json 576,715 JS0OM File
IT 10920230430, json 392,471 JS0OM File
LT log20230501 json 329,437 J50N File
LT 1og20230502 json 483,611 JSOM File
IT 10920230502, json 4011,745  JS0N File

Figure 6-9 Log files collected daily

When a month log records collected from users using the EcoSnap application are
examined, it is seen that a total of 9085 records are written. In Table 3-1 prepared using
this data, API application methods and avarage response times for requests are given. API
incoming requests are answered within 175 ms on average. The longest response times
are experienced in the methods of updating the reported record, generating the report, and
recording. The delays experienced here are primarily related to the size and number of
photos uploaded by the user. There has been more delay as users are allowed to upload
multiple photos in the editing module and only one photo is allowed to be uploaded in the
add and save module. In addition, the details of the location information transmitted by
the user are brought through the external service, which has increased this delay. In other
requests made, the process has performed without too much delay. When the numbers of
the requests made to the API are examined, the method called by the icons to refresh the
kudos/comment numbers is used the most. Apart from this, the calls to fetch region-based

activity and fetch single activity are mostly used by the feeding/flow page.

Table 6-2 Number of requests to the server and average response times

Average of Request
Api Methods Request 9
. Count
Duration (ms)
/vl/api/account/activate 24.147 30
/v1/api/account/change-password 47.795 10
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/v1/api/account/login 21.481 366
/v1/api/account/login-external 193.453 22
/v1/api/account/logout 11.078 59
/v1/api/account/register 4181.801 27
/v1/api/account/term-policy 1.452 37
/v1/api/account/update-info 17.281 4
/v1/api/account/update-profile-photo 118.541 8
/v1/api/account/users-by-name 6.212 244
/v1/api/activity 29.058 638
/v1/api/activity/add 3733.564 269
/v1/api/activity/by-id 19.577 15
/v1/api/activity/by-region 6.411 871
/v1/api/activity/delete 16.098 8
/v1/api/activity/edit 10843.006 34
/v1/api/activity/friend-activities 12.545 362
/v1/api/activity/most-active-users 35.015 89
/v1/api/activity/reactions 3.740 4552
/v1/api/activitytype/list 30.882 355
/v1/api/city/list 33.377 144
/v1/api/comment 9.163 10
/v1/api/country/list 13.208 126
/v1/api/friendship/approve 246.718 25
/v1/api/friendship/delete 15.926 1
/v1/api/friendship/followers 12.039 243
/v1/api/friendship/following-ids 4.451 40
/v1/api/friendship/followings 11.389 243
/v1/api/friendship/request 216.180 41
/v1/api/kudo 9.472 13
/v1/api/kudo/add 66.350 9
/vl/api/kudo/delete 15.186 2
/v1/api/login 14.848 188
Total 175.418 9085

When the log records were examined, people use the interface to pull data from the API
instead of sending data to the API. According to Figure 6-10-a showing this, 9 out of 10
calls fetch data. Apart from this, data addition methods occupy a large numbers. Deletion
and updating methods are not used much. In addition, when the response codes in Figure
6-10-b given by the API to the requests of the users are examined, the responses are given
with the 200 (OK) status code, which means the API return successful mostly. Also, some
users receive 401 (Unauthorized) and 405 (Method Not Allowed) responses due to

unauthorized user calls. The reason for this is understood from the logs that the users
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forget their passwords and try to log in with the wrong username/password. It is
understood that the other 400 (Bad Request) and 415 (Unsupported Media Type) errors
are the result of requests sent by users who use the API for testing purposes other than

the EcoSnap application.

POST, DELETE
11.4% ,0.12% W
PATCH,
0.249%
GET,
88.2%
EDELETE EGET EPATCH ®POST W200 H400 @401 M404 M405 @415
(a) HTTP Verbs (b) Response Status Codes

Figure 6-10 The used HTTP verbs and server response status codes

When the data about the behaviors of the users is examined, the result in the figure has
emerged. In Figure 6-11, hourly Api call numbers expressing the time intervals users use
the application are shown. Accordingly, EcoSnap was used between 1-2 PM hours at

most. Again, between 1-5 PM and 7-21 PM covers the times when usage is intense.
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Figure 6-11 Hourly distribution of user requests

Another result that emerges when the Serilog data is examined is that some users set
username/password carelessly. Many log messages have been encountered stating that

the password shown and entered in the figure is incorrect. In EcoSnap,

designed for password reminder purposes.

04 May 2023 20:50:46.638
2023 20:50:37.310
3 20:50:15.215
3 19:31:57.732
3 19:31:56.972
3 19:31:54.601
04 May 2023 19:30:25 637

23 19:30:22 767
3 19:28:48.398
3 19:28:32 512
3 10:47:14.018
3 00:15:53.176
3 234514 458
3 23:45:01.327
3 21:47:11.885
3 21:07:15.633
3 20:11:30.031
3 19:57:54.045
03 May 2023 19:55:34 986

® O 0 O 0P OO P B e R LN LSS

T ®e e 0090

vent W

Exception NotFoundResult'1 {Data: null, Errors: [Username not found'], ResultType: 'NotFound'}
Exception NotFoundResuli 1 {Data: null, Errors: [Username not found], ResuliType: ‘NotFound'}
Exception NotFoundResult'1 {Data: null, Errors: [Username not found'], ResultType: 'NotFound'}
Exception InvalidResult 1 {Data: {_typeTag: 'Unit}, Errors: [Varolan sifre bilgisi uyusmamakta], ResultType
Exception InvalidResult 7 {Data: {_typeTag: 'Unit}, Errors: [Varolan sifre bilgisi uyusmamakta], ResultType: Inv...
Exception /nvalidResult'1 {Data: {_typeTag: 'Unit}, Errors: [Varolan sifre bilgisi uyusmamaktal, ResultType: ‘Inv...
Exception AccessDeniedResult’1 {Data: null, Errors: ['Invalid password], ResultType: 'Unauthorized'}

Inv...

Level (Error) v Type (0x45878B4A) v  Export v
ActionId ef@787ae-10df-4c62-9aBe-492451c60549
ActionName EcoSnap.Api.Presentation.vl.AccountController.LoginAsync (EcoSnap.Api)
@HMQCEF2PR257

577c2cd?-94cd-460d-8e@c-cd@dbatadle

BHMQCEF2PR257 : 00000008

fvifapi/account/login

ConnectionTd
ImportId
RequestId
RequestPath

XX X X X X X

result {Data: null, Errors: [.], ResultType:
Exception AccessDeniedResult'1 {Data: null, Errors: ['Invalid password'], ResultType: 'Unauthorized'}

Exception AccessDeniedResult'1 {Data: null, Errors: [Invalid password’], ResultType: 'Unauthorized'}

Exception AccessDeniedResult'1 {Data: null, Errors: ['Invalid password'], ResultType: 'Unauthorized'}

Exception NotFoundResult 1 {Data: null, Errors: [Username not found], ResultType: ‘NotFound'}

Exception NotFoundResult'1 {Data: null, Errors: [Username not found'], ResultType: 'NotFound'}

Exception InvalidResult 1 {Data: {_typeTag: 'Unit}, Errors: [Varolan sifre bilgisi uyusmamakta], ResultType: ‘Inv...
Exception InvalidResult 7 {Data: {_typeTag: 'Unit}, Errors: [Varolan sifre bilgisi uyusmamakta], ResultType: Inv...
Exception AccessDeniedResult'1 {Data: null, Errors: [Invalid password’], ResultType: 'Unauthorized'}

Exception UnexpectedResult’T {Data: null, Errors: [Response status code does not indicate success: 404 (Not Found)]....
Exception AccessDeniedResult'7 {Data: null, Errors: [Invalid password], ResultType: 'Unauthorized'}

Exception AccessDeniedResult'1 {Data: null, Errors: [Invalid password’], ResultType: 'Unauthorized'}

Exception AccessDeniedResult’1 {Data: null, Errors: ['Invaliq—n—'-mu‘urd'], ResultType: 'Unauthorized'}

Figure 6-12 Log records of incorrect user login requests

As a result, the logging mechanism adopted in EcoSnap provides useful contributions in
terms of the management and advancement of the application. Thanks to the logs,
valuable insights has been gained about the behavior, performance and user experience

of the EcoSnap application. Through troubleshooting, performance optimization, user
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experience enhancement, and enhanced security, a more stable, performance and user-

centric application has been achieved.

6.5. Limitations

When developing a mobile crowdsourcing application, there are several limitations and
challenges to consider. In this section, the difficulties and limitations of the applied study
will be discussed. One of the biggest challenges is attracting and retaining active users.
Without a substantial user base, the effectiveness of the crowdsourcing model can be
compromised. Convincing users to download and regularly use EcoSnap is one of the
challenges. Due to the lack of appropriate incentives, users lost a great deal of interest
and did not contribute consistently. Although effective gamification features have been
added to motivate and engage users, having rewards that will provide financial gain can
help overcome this limitation. In addition, failure to deliver the reports to the competent
authorities is one of the factors preventing EcoSnap from spreading. Attempts made in
this direction have not yielded any results and the necessary support has not been found.
Another reason that prevented the application from spreading was that most of the
students contacted were unwilling to participate in voluntary participation. Many of them
used the application at a certain time and then stopped using it because they saw it as a
homework and necessity. Starting out with volunteers who have had previous experience
in this field at the beginning can ensure that the data obtained as a result of the application
is healthier and the duration of use is wider. Some users have provided incorrect or
incomplete information, resulting in potential problems with EcoSnap's functionality and
reliability. Some users preferred to post off-topic instead of reporting real problems. A
study on verifying the transmitted photos by processing them by the system may enable

more accurate sharing and prevention of value sharing.

Different methods could have been developed for the applied survey. The application of
the survey to the initially reached audiences to get their opinions after the application
experience could have enabled to obtain more realistic answers. The number of forms

answered in this way could have been too many.

During the application, the data was collected entirely on Android devices. Although the
collected data shows that EcoSnap works efficiently in this operating system, it has not
been experienced on devices with iOS operating system. We do not have any data on

whether it will actually work on these devices without any problems. Some of people we
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offer the application has these type devices and requests to use EcoSnap. It is possible to
conduct a study on this in the future, when suitable conditions are provided.

Addressing these limitations can improve EcoSnap's functionality, usability, and success.
If a solution is provided, people will participate in a more motivated way and will help

the application reach its goal. As a result, all stakeholders will be positively affected.
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7. CONCLUSION

Public participation GIS (PPGIS) has emerged as a subfield of GIS that seeks to promote
public participation and engagement in decision-making processes related to spatial data,
especially in a smart city context. PPGIS mobile applications represent a new approach
in this area, enabling citizens to use their smartphones or tablets to contribute their own

spatial data, knowledge, and insights.

This thesis explains the architecture and current capabilities of the EcoSnap application,
which enables citizens to collect and share spatial data on environmental and social issues
in their cities. It adds to existing knowledge by providing a new model of mobile
crowdsourcing practices. By designing and building a working application, the viability

and effectiveness of crowdsourcing in a mobile context is demonstrated.

Through case studies, citizens were asked to report on the various types of problems they
encountered in their city, and valuable information was gathered, including many
locations and photographs. It has been proven that the application can help to eliminate
the communication gap between citizens and municipalities and to establish a sense of
accountability by transmitting these collected data to the relevant administrations. By
using this data, the authorities can be informed about the problems sooner and take quick
action for the solution. By informing citizens about the latest situation, transparency will

be ensured in municipal services.

With the application presented in the thesis, citizens have the opportunity to both report
their problems and socialize. With the follow-up mechanism, they find the opportunity to
follow the people they want and see the posts of these people, support and comment on
them. By using the preferences presented in the application, they have the opportunity to
determine to whom their sharing will be open and to whom they will be hidden. In
addition, features such as gamification are added, allowing users to continue to practice
in a more motivated way. Citizens were given points over the shares, and their
performance compared to other users was shown. However, there is no regulation that

would enable them to earn financial gain from these points.

This thesis contributes by evaluating existing mobile crowdsourcing applications or
techniques and presenting a comprehensive assessment of their strengths, weaknesses,

and limitations. This assessment can help researchers and practitioners understand the
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latest technology available, identify areas for improvement, and guide future research

efforts.

Another contribution is evaluating the performance and effectiveness of the mobile
crowdsourcing application. By collecting data and analyzing the results, information is
provided on quantitative and qualitative assessments of the application's performance in
terms of accuracy, scalability, user engagement, and other relevant metrics. This
evaluation can provide valuable insights for researchers and practitioners interested in

adopting or improving mobile crowdsourcing systems.

In future research, integrating citizens, policy makers, developers, and other organizations
into EcoSnap and using the application in larger habitats will certainly produce more
reliable results. Although the collected data with EcoSnap can be shared over an API
service, it will be an important development for everyone that the reports can be viewed
in details on the maps on the website and the desired filtering can be done on the reports.
However, although EcoSnap allows only photo sharing for now, the ability to record

video or live sharing will also be useful in some cases.

The findings of this thesis demonstrate that the integration of crowdsourcing into PPGIS
mobile applications represents an important step forward in promoting more sustainable
and liveable smart cities. The implementation of a crowdsourcing feature in the PPGIS
mobile application developed for this thesis allowed citizens to provide real-time input
and feedback on urban planning decisions, enabling more informed and inclusive

decision-making.
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9. APPENDICES

Appendix 1. Reviewed crowdsourcing application links

Name URL

FixMyStreet https://www.fixmystreet.com
SeeClickFix https://seeclickfix.com

Ushahidi https://www.ushahidi.com

Burgernet https://www.burgernet.nl

Street Bump https://connectedbits.com/street_bump
BOS:311 https://311.boston.gov

PublicStuff https://www.publicstuff.com

Love Clean Streets https://www.lovecleanstreets.com
Snap Send Solve https://www.snapsendsolve.com
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Appendix 2. Volunteer survey

EcoSnap Kullanici1 Deneyim Formu
No | Sorular Secenekler
1 Cevrenizdeki sorunlara karsi ne kadar 5 Puanlik Likert Olgegi
duyarlisiniz? 1: [Duyarsizim]
5: [Cok Hassasim]
2 Cevreyi kirletenlere karsi tepkiniz nedir? | Resmi sikayette bulunmayi tercih
ederim.
Bizzat uyartyorum.
Tepki vermeyip, baskalarinin tepki
vermesini beklerim.
Hic tepki vermem.
3 Baskalarinin karsilastiginiz sorunu [Evet] [Hayir]
bildirecegini diisiiniiyor musunuz?
4 Su ana kadar ¢evrenizde karsilagtiginiz
sorunu nasil bildirdiniz?
5 Herhangi bir ¢evre kurulusuna iiye [Evet] [Hayir]
misiniz?
5a | Hangi kurulus liyesisiniz?
5b | Bu kapsamda ne gibi ¢alismalar yaptiniz /
yapiyorsunuz?
6 Cevresel problemler sagliginiz1 hi¢ [Evet] [Hay1r]
etkiledi mi?
7 Yetkililer gevreyle ilgili sorunlarinizlane | 5 Puanlik Likert Olgegi
olcuide ilgileniyor? 1: [llgisizler]
5: [Cok ilgililer]
8 Karsilastiginiz ¢evre sorunlarinin 1 saat icerisinde
ortalama ¢6ztm suresi nedir? 1 giin igerisinde
1 hafta icerisinde
1 ay igerisinde
Daha fazla
9 Cevre bilinciyle ilgili olarak herhangi bir | [Evet] [Hayir]
proje veya etkinlige katildiniz m1? (¢6p
toplama, agac dikimi vb)
10 | Cevre sorunlar ile ilgili Evet her zaman
TV/radyo/podcast programlarini takip Diizenli degil
etmekten hoslaniyor musunuz? Hayir ilgilenmiyorum
Cevap yok
11 | Diinya cevre giinii hangi giin kutlantyor? | 5 Haziran
14 Subat
5 Nisan
30 Ekim
Bilmiyorum
12 | Cevremizin saglikli ve iyi durumda olduguna
inantyorum.
sikintil1 ancak biraz ¢abayla
kurtarilabilecegine inantyorum.
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kotii durumda olduguna
inantyorum, ancak ¢ok fazla caba
onu kurtarabilir.

¢ok kotii durumda olduguna
inanityorum, bu konuda
yapilabilecek ¢ok az sey var.

13

Gezegenin kars1 karsiya oldugu sorunlari
6nem durumuna gore derecelendiriniz:

Ormanlarin azalmasi

[Cok 6nemli] [Onemli][Az 6nemli]

Ozon tabakasinin incelmesi

[Cok onemli] [Onemli][Az 6nemli]

Zchirli atiklar [Cok onemli] [Onemli][Az 6nemli]
Kiiresel 1sinma [Cok énemli] [Onemli][Az 6nemli]
Su kirliligi [Cok 6nemli] [Onemli][Az 6nemli]
Hava kirliligi [Cok énemli] [Onemli][Az 6nemli]

14

Ankara'nin karsi1 karsiya oldugu sorunlari
6nem durumuna gore derecelendiriniz:

Otopark sorunu

[Cok onemli] [Onemli][Az 6nemli]

Graffiti

[Cok 6nemli] [Onemli][Az 6nemli]

Bozuk kaldirimlar

[Cok 6nemli] [Onemli][Az 6nemli]

Yere atilan ¢opler / izmaritler

[Cok onemli] [Onemli][Az 6nemli]

Yesil alan / ¢cocuk parki yetersizligi

[Cok énemli] [Onemli][Az 6nemli]

15

Uygulamanin goriiniimiinden ve verdigi
histen ne kadar memnunsunuz?

5 Puanlik Likert Olgegi
1: [Hig memnun degilim]
5: [Cok memnunum]

16

Uygulamanin kullanim kolayligindan ne
kadar memnunsunuz?

5 Puanlik Likert Olgegi
1: [Hi¢ memnun degilim]
5: [Cok memnunum]

17

Kurulum ve ilk kaydolma deneyiminden
ne kadar memnunsunuz?

5 Puanlik Likert Olgegi
1: [Hi¢c memnun degilim]
5: [Cok memnunum]

18

Uygulama hakkinda kafanizi
karistiran/rahatsiz eden ne oldu?

19

Puan, rozet vb. kazanimlar EcoSnap'i
kullaniminiza devam ettirmenizde 6nemli
midir?

[Evet] [Hayir]

20

EcoSnap puaniizin maddi kazang (gesitli
indirimler, kampanyalar vs.) saglamasi,
paylasimlarinizi arttirmanizda ne kadar
etkili olur?

5 Puanlik Likert Olgegi
1: [Hig etkili degil]
5: [Cok etkili]

21

EcoSnap ismi size neyi ¢agristirtyor?
Uygulamanin amacina uygun mudur?

22 | EcoSnap uygulamasinin sorununuzu 5 Puanlik Likert Olgegi
¢ozmenize/hedefinize ulagsmaniza 1: [Ise yarayacagini
yardime1 olacagini diigiiniiyor musunuz? | diisiinmiiyorum]

5: [Cok faydali olacagin
diisiinliyorum]|

23

Uygulamay1 hangisi i¢in kullanirdiniz?

Sosyallesme ve yeni kisileri tanima
imkan1 sunmast
Sorunlarimi bildirebilmek i¢in

81




EcoSnap puani kazanip, inidirimli
aligveris yapabilmek i¢in
Cevremdeki sorunlari takip etmek
icin

24 | Uygulamanin hangi 6zellikleri
beklentilerinizi karsilamadi?
25 | Uygulamada ihtiyaciniz oldugunu
diistindiigliniiz ancak eksik gordiigiiniiz
ozellikler var m1?
26 | Uygulamanin sorunsuz bir sekilde 5 Puanlik Likert Olcegi
caligtigini diisiiniiyor musunuz? 1: [Cok sorunlu]
5: [Sorunsuz]
27 | Uygulamamizi ne siklikla kullanirsiniz? Her gln
Haftada bir
Ayda bir
Daha seyrek
28 | Uygulamay1 amacina uygun buldunuz 5 Puanlik Likert Olgegi
mu? 1: [Uygun degil]
5: [Cok uygun]
29 | Uygulamanin mevcut 6zellikleri ile gevre | [Evet] [Hayir]
sorunlarini ¢6zmede yeterli olacagina
inaniyor musunuz?
30 | Uygulamanin genel kalitesini nasil 5 Puanlik Likert Olgegi
degerlendirirsiniz? 1: [Cok kotu]
5: [CokK iyi]
31 | Bu uygulamay1 bir arkadasiniza veya 5 Puanlik Likert Olgegi
ailenize tavsiye eder misiniz? 1: [Tavsiye etmem]
5: [Tavsiye ederim]
32 | Herhangi bir ek yorumunuz/6neriniz var
mi1?
33 | Bir inceleme birakmak veya Google Play | [Evet] [Hayir]
magazasinda bize oy vermek ister
misiniz?
34 | Asagidaki sorulari degerlendiriniz

Islemlerinizi yeterli sayida tiklamayla

5 Puanlik Likert Olgegi

gergeklestirdiginizi diistiniyormusunuz? | 1: [En Koti]

5: [En lyi]
Bilgilerinizin uygulamamiza getirilmesi 5 Puanlik Likert Olgegi
stiresini degerlendiriniz. 1: [En Kotu]

5: [En lyi]
Verilerinizin kaydedilme suresini 5 Puanlik Likert Olcegi
degerlendiriniz. 1: [En Kotu]

5: [En lyi]
Uygulamanin indirilme ve yiiklenme 5 Puanlik Likert Olgegi
hizin1 degerlendiriniz. 1: [En Koti]

5: [En lyi]
Uygulamanin arayiiziinii degerlendiriniz. | 5 Puanlik Likert Olgegi

1: [En Kotu]

5: [En lyi]
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Kullanilan iconlarin alaka durumunu

5 Puanlik Likert Olgegi

degerlendiriniz. 1: [En Koti]

5: [En lyi]
Uygulamanin kullanishiligin 5 Puanlik Likert Olcegi
degerlendiriniz. 1: [En Kotu]

5: [En lyi]

35

EcoSnap'i kullanmaya devam edecek
misiniz?

[Evet] [Hayir]

35a

Neden etmeyeceksiniz?

Bu uygulama ile gevre sorunlarinin
¢oziilebilecegini diisiinmiiyorum.
Karar vermek i¢in zamana
ihtiyacim var.

Sonradan tekrar donecegim.

Daha fazla bilgiye ihtiyacim var
Sadece denedim.

Uygulamay1 ¢ekici bulmuyorum.
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Appendix 3. Ethics Committee Approval Letter
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