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Abstract—Crowdsourcing in smart cities has rapidly grown with the
buildup of the internet of things which has enabled citizens who are similarity
thinking in the society to become increasingly connected with one another de-
livering information to the government in order to plan the city. This article
proposes a gamified crowdsourcing framework for smart governments to solve
urban problems. It could help government officers to organize the deliveries re-
garding the city’s characteristics. We applied game elements from the Gamifi-
cation Concept in a mobile application in order to engage the citizens in our
framework. We evaluated the framework for 2 months which had 548 citizens
according to system data. According to our crowd sourcing project the most
important issues that Chiang Mai is facing are pollution and traffic jams.
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1 Introduction

During the past two decades, digital technology continued to be more broadly
available and implemented in terms of city management. Hence, it is used to solve the
problem of increasingly sprawling, populated cities, with heavy traffic and the ensu-
ing problems of environmental degradation. Most of the researchers call the concept
Smart Cities as transformation initiatives focus on information communication tech-
nologies (ICT), knowledge resources, social cohesion, and social infrastructure for
economic regeneration, infrastructure management, and better city administration [1].
Since 2003, the first idea of smart cities in Thailand has been introduced, while the
idea was first implemented by the Ministry of Information and Communication Tech-
nology (MICT). Then, it later changed its name in 2016 to the Ministry of Digital
Economy and Society (MODES) in order to facilitate the spread of digital technology
as an agent of national economic development .After that, MODES became the main
body to drive the idea of implementation of the smart cities concept in Thailand. This
research aims to propose a smart crowdsourcing framework for collecting information
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using the gamification approach focusing on Chiang Mai province. The input data is
based on the information obtained from those citizens who used our application based
on the concept of the popular game called Pokemon go. In2016, Niantic proposed the
mobile application game Pokemon GO. The concept of the game is to allows players
to collect and search for Pokemons in the physical environment using geo-location
and to catch the Pokemons in an augmented reality based on the real environment.
The system proposed in this research uses data from geo-location in crowdsourcing in
order to collect information via mobile data collection by indigenous people. The
collected information can be related to issues such as broken public facilities, traffic
jams, accidents crimes and other major problems in Chiang Mai, e.g. air pollution
with pm 2.5 etc. When the information is collected, the government officer can handle
or solve the problems and the governments could set the rules on creating the policies
relevant to the cities’ needs.
The purpose of this research consists of the following:

1) Proposing the framework of smart crowdsourcing in order to collect the infor-
mation on problems around Chiang Mai city.

2) Collecting real-time Geo-location data for visualization allowing map-based re-
porting for government officers.

3) Proposing a mobile application applying the concept of gamification in order to
engage citizens in providing information for the government.

4) Proposing the application of clustering algorithms to cluster the map points con-
verting them to a map in order to provide easy-to-understand input for the decision-
making of government officer.

The structure of this paper consists of 5 sections as follows: section 1 is the intro-
duction and section 2 explains the definitions and related works. Section 3 proposes
the architecture of the system. Section 4 shows the method of clustering map points to
an organized smart map and section 5 shows the results and the system performance
evaluation. Lastly, we identify the limits of our current work and set the future direc-
tions of our framework.

2 Definition and Related Work

The concept of crowdsourcing is always based on utilizing the participation in pro-
jects which need a huge number of citizens to solve certain problems together. It
could help managing the cost of their participation in traditional ways, by outsourcing
or ‘in-house’ which is not effective. One of the most popular definition of
crowdsourcing is “channeling the experts’ desire to solve a problem and then freely
sharing the answer with everyone” [12].

Generally, following the idea of [7] the crowdsourcing framework could be rough-
ly separated into four categories depending on the characteristics of the crowdsourced
work (Fig. 1). First, crowd processing is the concept of a huge number of homogene-
ous tasks which recommends those who are interested in contributing to the tasks.
Thus the value is depending on each isolated contribution such as Amazon Mechani-
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cal Turk or Galaxy Zoo. Second, crowdsolving is the concept of finding heterogene-
ous solutions to solve complex problems such as building an academy or Yombken.
Third, crowd rating is the concept of collecting opinions and evaluating ideas. For
example, the framework to translate a language with improved quality by huge num-
ber of homogeneous ‘votes’ [14]. Finally, the last concept of crowd-creating is to
create the solution or idea from heterogeneous contributions. The concept of creation
includes knowledge or content such as YouTube or Wikipedia. Our framework im-
plemented both concepts of crowdsolving and crowd-creating in order to provide
information and generate ideas from government officers.

Crowdprocessing Crowdsolving

&

Non-emergent

Crowdrating Crowdcreating

XN

. —

Deriving value from contributions

Emergent

-

Homogeneous Heterogeneous
Contributions are seen as qualitatively Contributions are valued differently
identical and thus valued equally according to their indivadual qualities.

Differentiating value between contributions

Fig. 1. Four different forms of crowdsourcing contributions[2].

2.1  Definition of gamification

Normally, the term Gamification is mostly used in various fields such as business,
education, healthcare and marketing defined as “application of game-design elements
and game principles in non-game contexts” [8, 10]. Specifically, we aim to combine
the research work of crowdsourcing with Gamification. The main challenge in field of
crowdsourcing is to motivate participants to join the activity more frequency. The
approach of Gamification applied to crowdsourcing mostly focuses on improving
motivation for participation [13, 17] and on providing incentive structures [6, 9].
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2.2 Related smart city framework

The IES smart city framework [16] presented open technological platforms in dif-
ferent cities across Europe. The specific objectives of this framework are linking data
management, services and social data mining together. The CityPulse framework [3]
tries to connect the service of a distributed system for data analytics, semantic discov-
ery, and social media analytics in implementing large-scale (near-) real-time Internet
of Things data. Garuda Smart City Framework [15] proposed standard indicators as
the model of smart city for Indonesia including social life, people, governance, econ-
omy and technology implementation.

3 Proposed System Architecture

The smart city framework aims to collect information from people living in city
environment. Actually, there are three types of actors in the framework: people, gov-
ernment officers and the Government CEO. For each actor, we proposed the three
system architectures in order to solve the problem for each role Fig 2. Mobile Gami-
fied Crowdsourcing receives environmental problems in the form of city data via
mobile application. Users can set up the flag (new problem) or join a flag (problem)
by sharing, commenting similar to social media concepts applying the concept of
Gamification. The Backend Server has to filter up the problem context or comments
which are not appropriate. The data is then proceeded and transferred to a real-time
monitor and visualized in a map format. Finally the real-time cloud-based dashboard
represents the overview of the problem. Cluster levels can be grouped with specific
latitude and longitude in the visualized map. The details of each system will be men-
tioned below.
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Fig. 2. Proposed system architecture of Gamified crowdsourcing.

3.1 Mobile gamified crowdsourcing

Mobile Gamified Crowdsourcing is based on the concept of Gamification with ap-
plied game mechanics, game dynamics and game rules in order to create engagement

among citizens and provide information for the government. It also uses a Location-

based game where citizens provide real position latitude and longitude for the position
in the Mobile Gamified Crowdsourcing. The concept employed the game mechanics
from Pokemon GO where the players move around the places where they live. Their
smartphones vibrate to let them know when they are near a Flag of problem Fig.3.
Once they encounter a Flag of problem, they can address that problem by suggesting a
solution, making acomment, by likes or dislikes.
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platform.

However, the key of a successful crowdsourcing system is an active crowd of citizens. In order to motivate
citizens to participate the crowdsourcing system, we designed the mobile application based on gamification
concept to change the psychological outcome and to motivate citizens to use the crowdsourcing system. For
our application, we included the game elements such as ranks, levels, badges and scoring system. Once the
player creates or participates a flag of problem they obtain xp scores. If the player gets enough score he or
she will be promoted to a higher level and will get a new badge as shown in Table 1.

Table 1. Game elements implemented in the Gamified Crowdsourcing Framework.

Game elements

Description

Applied on crowdsourcing

Levels

Motivate the players to develop the
skill. For higher levels it may be
more complicated than on lower
levels[19]

'We developed a framework where
the player can get to the next level
through a Flag of problem by
participation or creation. This is to
provide engagement when using
the system

|Avatars

To boost the players’ esteem an
avatar represents them and it plays
a very critical role in enhancing
player engagement[18]

The crowd sourcing proposes the
use of avatars for the players. They
can select between man, woman
and can also customize the acces-
sory and clothes

Social participate

Social participation can act as a
point of cultural exchange, direct-
ing the flow of information to-
wards particular areas of interest
based on their own social networks
and topics discussed therein to
keep engagement in system[17]

\We applied the social participation
to the flag of problem which aims
to exchange knowledge and share
the opinion regarding the problem

Leaderboard

Ranking serves as a powerful
motivator when players strive for
higher scores [18]

Player can observe their profile
rankings online.
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Fig. 4. Game elements implemented in the Mobile application to motivate players.

3.2 Backend Server

The purpose of backend in the crowdsourcing system is to support the back-office
for the government officer. In terms of management system, we developed a system-
based design for corporate management in order to obtain and filter off the citizen’s
input containing unfavourable opinions. After that, it is stored in a database allowing
data analytics. Thus, it consists of three main systems: Game element-based incen-
tives, database and filter request and approve.

3.3  Real-time cloud-based dashboard

This real-time cloud-based dashboard uses the report data of the previous 1 hour,
collected from the backend server. The government can use it for monitoring the level
of problems on the real Chiang Mai city map. The dashboard is overlaid with a num-
ber of circles of different sizes and colors where the number in the circle shows the
number of case reports from citizens, and the color of circles show the type of prob-
lem that we clustered from the whole problem and the size of the circle shows the
number of similar problems affected in that area Fig 5.

Fig. 5. Shows a real-time dashboard map. The user can click for more details and information.

iJIM - Vol. 13, No. 12, 2019 61



All

Color = type of problem Triffic problem
Number = number of problem these area s
Pollution problem
Crime problem

Accident problem

Etc.

, Number = number of comment these area .

Fig. 6. Shows the meaning of each cluster.

4 Method of Smart Map with Clustering

When citizens submit or make their complaint via the crowdsourcing system, the
system will mark up the point on the map based on their latitude and longitude with
tens or hundreds of points per hour Fig 4. However, it can be difficult for the govern-
ment officer to understand and prioritize the problems in terms of prevention and to
propose a solution. In order to solve this problem, we employed the k-mean clustering
algorithms [11] to merge each point with the similar scenario together.

4.1 K-mean algorithms for Crowdsourcing information clustering

The first k-mean was proposed by MacQuuen [5]. The concepts of algorithms are
based on finding a fixed number (k) of clusters in a large set of data. Then, the algo-
rithms are grouped together into a cluster based on the similarities of their attributes
and features. Each cluster is defined by a centroid, which is calcuted by the center of
data for each cluster. However, in order to address our problem, we decided to use k-
mean clustering algorithms proposed by Jing et al. [11] The algorithms are modified
to add entropy weighting k-means algorithm in order to subspace clustering of high-
dimensional numeric data. The equation is shown below.

¢ = ?:1[2?:1 Y 5ji/1jt((dit - Cjt))z +y 2t Ajtlog/lji ]
Subject to

(Zhi8i=11<i<nl1<j<k §;€{01} ¥, 4, =1,1<j <k1<t<
m0 < A, < 1}

Where

&j; is the degree of the membership of i th data object in j th cluster.
d;; is the value of t th attribute value of i th data object.

Aj¢ is the weight of ¢ th attribute to j th cluster.

Cj is the value of ¢ th attribute value of j th cluster object.
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Our input data is given in GPS coordinates (latitude and longitude). However, the
algorithms clustered to data are based solely on the euclidean distance between ob-
jects using the haversine formula ( korn et al, 2000) to get back to the attribute of
clusters of locations that are not closer than 0.5 kilometre from each other and we
fixed the parameter k = 40. Our result is shown below.
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Fig. 7. Result of clustering.

5 Measurement

In order to evaluate our proposed Crowdsourcing system, we implemented a sys-
tem which we tested in the center of Chiang Mai city with the cooperation of Chiang
Mai government center and Chiang Mai University School of Public Policy. In tech-
nical terms, we developed a mobile application with Unity game engine for cross
platforms both ios and android. The Laravel framework is used for the backend serv-
er. Unity webgl is used for real-time dashboard. Mysql stored the data in the database.
Json is used for data interchange between the Laravel framework and the Mobile
application.

For participants, we published the application on Google Play Store and Apple
store under the name of “Find issue” in order to let citizens around Chiang Mai down-
load our test beta application which we promoted through social media, advertising
boards around Chiang Mai University and via the Center of Chiang Mai. We evaluat-
ed our system for 2 months during which 548 interested citizens registered according
to our system records. We reviewed the data between April land June 1, 2018 having
512 new public problems /complaints from citizens and 6334 comments regarding
totally new public problems. The result is shown in Table II.

Table 2. Shows the results of all participants of crowdsourcing

1D Problems Problems Statics| Problem (%) Com{neints Comments (%)
Statistics
1 Traffic 52 23.74% 2110 33.31
2 Pollution 64 29.22% 2561 40.43
3 Garbage 27 12.33% 564 8.9
4 |Accident 46 21.00% 487 7.69
5 Etc. 30 13.70% 612 9.66
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Fig. 8. Statistics of citizen participation.

Figure 8 shows the contribution of each urban problem to the total information
gathered from the crowdsourcing system. There are 5 types of urban problems, and
the rates of the 5 types of urban problems in Chiang Mai are:

1) Traffic (23.74%)

2) Pollution (29.22%)

3) Garbage (12.33%)

4) Accidents (21.00%)

5) Other type of problem (13.70%)

Comparing the proportion of total urban problems and the number of comments
from citizens on each sector type (Figure 8), it can be seen that Pollution problem
related complaints account for around 29.22% of the total problems, exceeding Traf-
fic, Garbage and Accident, as well as other types of problems, with the percentages of
23.74%, 21.00%,13.70 and 12.33%, respectively.

Fig. 9. Real-time dashboard visualization of Chiang Mai city.
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6 Conclusion

We proposed a Gamified crowdsourcing system for smart urban government used
in Chiang Mai city. Our framework is comprised of the Gamified Crowdsourcing
mobile application, game elements based on incentives, a database and filter off data
for the backend system. We also developed real-time cloud-based dashboard for gov-
ernment officers for monitoring.

In order to evaluate our proposed system, we have implemented a beta test of ap-
plication between April 1 and June 1, 2018 which had 512 new public problems and
6334 comments from citizens related to certain problems of the biggest urban prob-
lems during that time were pollution and traffic jam with citizens requesting the gov-
ernment officers to solve them.

For the future, we plan to improve and add more complexity to the game elements
in order to engage citizens in the use of our system because the high number of partic-
ipants is the key of successful crowdsourcing systems.

A further suggestion is to plan a modeling algorithm with topic prediction algo-
rithm in order to forecast the next possible urban problem from previous statistics
data. Finally, our research framework in crowdsourcing applied to smart governance
of in smart city could help in gathering information and boosting up for the research
on the smart city domain in the future.
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