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ABSTRACT

MODELING TOBACCO USE BEHAVIORS AND TOBACCO CONTROL
POLICIES OF TURKEY

KOCABEY CIFTCI, Piar
Ph.D. in Industrial Engineering
Supervisor: Assoc. Prof. Dr. Zeynep Didem UNUTMAZ DURMUSOGLU
January 2021

103 pages

The rapid growth of the technology and the convenience provided by the
technological products/services have connected people, firms, countries, systems and
etc. to each other more than before. Increase in the interrelations has inevitably
affected the way most of the systems work and caused dynamic complexity. As the
complex systems have continuously surrounded the lives, understanding and
analyzing the structure of these systems has become a challenging process.
Traditional methods have been inadequate to handle this dynamic complexity. As the
result, developing new methods has become a growing need for researchers/modelers
to understand complex behaviors emerging in the systems. Thereby, the main
objective of this thesis is proposing a novel hybrid simulation model to better
understand tobacco use behaviors of individuals. The model is developed by
embedding the concept of the multi-stage learning based fuzzy cognitive map (FCM)
into the agent based model (ABM) in order to benefit from advantageous of each
methodology. The ABM s basically used for representing the individual level
behaviors while the FCM is used as a decision support mechanism of individuals. In
order to represent the current tobacco use status of Turkey, socio-demographic
characteristics of individuals, tobacco control policies, and social network effects are
examined. In addition, scenario analyses are performed to analyze the potential
effects of plain package policy and COVID19 pandemic. The findings of this thesis
indicate that the hybrid usage of the ABM and the multi stage learning based FCM
help us to observe how individual level behaviors and system state changed under the
effects of casual relationships among the critical factors. The thesis also presents how
the proposed model can be used for imitating a real complex and dynamic problem
such as tobacco use and control. Lastly, the findings of the scenario analyses point
out critical demographic groups for future policy making process.

Key Words: Agent Based Model, Fuzzy Cognitive Map, Nonlinear Hebbian
Learning Algorithm, Extended Great Deluge Algorithm, Tobacco Use



OZET

TURKIYE TUTUN KULLANIM DAVRANISLARI VE TUTUN KONTROL
POLITIKALARININ MODELLENMESI

KOCABEY CIFTCI, Piar
Doktora Tezi, Endiistri Miihendisligi Boliimii
Damsman: Do¢. Dr. Zeynep Didem UNUTMAZ DURMUSOGLU
Ocak 2021
103 sayfa

Teknolojinin hizl1 biiyiimesi ve teknolojik tiriinlerin/hizmetlerin sagladigi kolayliklar
insanlari, firmalari, iilkeleri, sistemleri vb. eskiye kiyasla birbirine daha fazla bagimli
hale getirmistir. Yapilarin birbirleriyle olan iligkilerindeki bu artis sistemlerin
cogunun calisma seklini etkilemis ve dinamik karmasikliga sebep olmustur.
Karmasik sistemler siirekli olarak hayati cevrelediginden, sistemlerin yapisini
anlamak ve analiz etmek zorlu bir siire¢ haline gelmistir. Geleneksel yontemler
karmasik sistemleri ¢Oziimlemek i¢in yetersiz kalmustir. Sonug olarak,
aragtirmacilarin sistemlerde ortaya ¢ikan karmasik davramslari anlamalari igin yeni
yontemler gelistirmesi bir ihtiya¢ haline gelmistir. Bu tezin temel amaci bireylerin
tiitlin kullamim davramglarim daha iyi anlayabilmek i¢in yeni bir hibrit benzetim
modeli sunmaktadir. Model, ¢ok asamali 6grenme tabanli bulanmik bilissel haritalama
yonteminin etmen tabanli modelleme ydntemi igerisine entegre ederek her iki
yontemin avantajlarindan yaralanmak tizere gelistirilmistir. Etmen tabali modelleme
temel olarak birey davramslarim modellemede kullamlirken, bulamk biligsel
haritalama bireylerin karar destek mekanizmasi olarak kullamlmustir. Tirkiye'nin
mevcut titlin kullamm durumunu temsil etmek icin sosyodemografik ozellikler,
tiitlin kontrol politikalar1 ve sosyal ag etkileri ¢alismada incelenmistir. Bunlara ek
olarak, tek tip paket politikasi ve COVID19 pandemisinin olasi1 etkilerini analiz
etmek i¢in senaryo analizleri gerceklestirilmistir. Bu tezin sonuglari, etmen tabanli
modelleme ve ¢ok asamali 6grenme temelli bulamk bilissel haritalamamn birlikte
kullammimn birey davramslarindaki degisimleri ve farkli faktorlerin birbirleriyle
iliskilerinin dogurdugu etkileri gézlemeye yardimci olabilecegi gosterilmistir. Tez
ayrica modelin tiitiin kullamm ve kontrolii gibi karmasik bir ger¢ek hayat problemi
tizerinde uygulamasim sunmustur. Son olarak, senaryo analizleri gelecek tiitiin
kontrol politikalart olusturma siirecinde dikkat edilmesi gereken demografik gruplari
ortaya ¢ikarmustir.

Anahtar Kelimeler: Etmen Tabanli Modelleme, Bulanik Biligsel Haritalama, Lineer
Olmayan Hebb Ogrenme Algoritmasi, Genisletilmis Biiyiik
Tufan Algoritmasi, Tiitlin Kullammu.
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CHAPTERI
INTRODUCTION

1.1 Motivation of Study

System is a concept that concerns all living or non-living components of the
universe. Everything from the smallest piece of the matters to planets that give the
present form of the universe is part of various systems. Curiosity about how systems
work has attracted the interest of people for centuries because human beings want to
improve their knowledge by thinking and researching due to their nature. Their
desires to learn about systems have leaded them to query the existing knowledge and
ask new questions to reveal characteristics of the systems. However, understanding
the behavior of the systems entirely is a challenging process. The main reason why it
is a challenge can be understood from the definition of the "system" concept. In the
most generic form, system can be defined as a collection of interrelated components

that interact with each other to accomplish a purpose.

The words "interrelated” and "interact” used in the given definition mean much more
for system analysts and researchers nowadays. The main reason behind this is the
technological developments that seriously affect all areas of our lives. The internet
and many other innovative developments have given the opportunity to bring many
people, companies and organizations together that were not aware of each other
before. This situation has led to the disappearance of borders between countries and
the acceleration of globalization. Globalization has caused the systems to become
more complex. In addition, the increase in the communication resources with the
help of technology has made the complexity more palpable in many social systems.
The change in the structure of the systems has caused the need for researchers to

improve the way they handle systems.



When considering the subject of understanding complex system behavior, agent
based (AB) modeling and fuzzy cognitive maps (FCM) are two important methods
that draw attention in the literature. Both methods can successfully examine complex
system structures using different system approaches. Basically, the AB models
model the main elements of the systems as agents and express the relationships of
these agents with each other and their environment using an individual approach. On
the other hand, most FCMs determine the important elements of the systems as
concepts and examine the relationships between concepts using an aggregate
approach. The approaches used by both methodologies have important advantages
and disadvantages to modeling processes. The most prominent of the advantages and
disadvantages can be explained as follows. While AB models can represent the
individual behaviors, their interactions, communications and their social network in
detail, FCMs generally focus on fundamental critical concepts of the system to
understand the system. AB models can be thought as designing a building by placing
bricks and all necessary equipments one by one to reach the final picture. Just like
the building's need for bricks and equipments, AB models need a substantial amount
of data to entirely reflect a real life system. However, it is not always possible to find
enough data that helps to imitate the behaviors of the system. In this case, a different
method can help to understand the system with the existing data. At this point, FCMs
stand out because they easily reveal the casual relations between the vital system
factors using scarce data. The benefits of both methods when modeling systems have
triggered the idea of using them in an integrated way and creating a hybrid model.
The hybrid models can help to eliminate the disadvantageous caused by the use of
methods separately while allowing systems to investigate in more detail. The hybrid
usage of AB modeling and FCMs can have the potential to be applied in social
systems where data sources are mostly limited and unreliable. In the literature, the
hybrid usage of both methodologies is relatively new and there is an important gap

for the applications on the models on social problems.

Thus, this Ph.D thesis is inspired by the potential of the mentioned modeling
approach and basically aimed to make a hybrid model for investigating one of the
important social problems. For this purpose, an important public health problem
"tobacco use and control” is selected since tobacco use is a complex and dynamic
social system that consists of several different factors such as characteristics of



people, tobacco control policies, social networks of people and etc. Although tobacco
use is a widely studied system all over the world, the ongoing prevalence of tobacco
use brings out the necessity of more advanced studies for understanding tobacco use
behaviors comprehensively. Therefore, developing a hybrid model for understanding
tobacco use behaviors of Turkish people became the other important motivation for

this thesis.

1.2 Roadmap of the Thesis

In the light of the information given in the previous section, this PhD thesis focused
on building a hybrid agent based model that is integrated with fuzzy cognitive map to
understand the changes at tobacco use behaviors of people according to their
demographic characteristics, tobacco control policies and etc. In this respect, the

roadmap of the thesis for the readers is given in Figure 1.1.

Chapter 2 presents the performance of Turkey for tobacco use literature and studies
that focused to integrate agent based modeling and fuzzy cognitive to represent brain

activities of individuals.

Chapter 3 provides the theories and fundamental concepts of agent based modeling
and fuzzy cognitive map. It also pointed the importance of learning algorithms and
discussed the requirement of a multi-stage learning procedure. Finally it provided the

problem statement.

Chapter 4 explains the details of multi-stage learning based fuzzy cognitive map, its

implementation to tobacco use research field and presented the results.

Chapter 5 represents the integration processes of previously explained multi-stage
learning based fuzzy cognitive map with agent based modeling. It gives the
fundamental concepts of the hybrid model and its applications to understand tobacco

use behaviors of people. Finally, it provides the findings of the model.

Chapter 6 presents a brief summary for the steps and findings of this PhD thesis. It

also explains the limitations and opportunities for future works.
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Figure 1.1 The flow of the thesis for the readers.
1.3 Concluding Remarks

The proposed researches in this thesis contributes to agent based modeling, fuzzy
cognitive map and tobacco use literatures. The different parts of this thesis published
in various prestigious journals and presented in different conferences. The findings

4



of the thesis can also help tobacco use researchers and policy makers to understand

tobacco use behaviors of people in detail.



CHAPTER IT

LITERATURE REVIEW ON THE INTEGRATION OF AGENT BASED
MODELS AND FUZZY COGNITIVE MAPS

2.1 Introduction

In real life, experiments are not always applicable to test new ideas or to improve
existing ones because most of the experiments are time consuming and costly to
repeat several times as well as being dangerous. In such cases, researchers look for
methods that can perform their work with less cost in a shorter time and a safe
environment. Models plays critical roles in science most of the time because they can
be used in the development, exploration and application of theories [1] and modeling
can help researchers to abstract the reality and deal with the world in a simplified
manner, avoiding complexity, and danger [2]. Besides modeling also gives us the
opportunity to make mistakes and restart. Due to the benefits it provides, modeling

has become one of the methods used by researchers to solve many real life problems.

Modeling techniques vary according to the structures of the problems or systems that
they will be implemented. For example; when thinking about the activities we will
perform during the day, we can create a mental model. Miniature of a building
project can be an example of a physical model. Using spreadsheet in order to get a
specific output with the help of a number of inputs can be accepted as an analytical
model. Thus, several different modeling techniques have been used to analyze the
systems during decades. However, when the problems or systems become more
complex and dynamic, these simple models cannot be sufficient to understand them.
That's why; modelers have searched for advanced modeling ways to handle the
complexity and dynamism of the systems or problems. At that point, the

technological developments have helped to the modelers. The widespread use of



computers, advanced software and the internet led to rapid developments in the field

of modeling and has enabled detailed analysis of problems.

Simulation modeling is one of the important art of constructing models for
representing and understanding real life systems and behaviors [3]. A simulation
model basically consists of a set of rules (equations, schedules, statecharts and etc.)
that explain how the state of the system will change in future using the present state
[4], [5]. It is very valuable to explore consequences of various assumptions for the

studied system/problem [6].

Simulation modeling can be categorized in three different types. These are discrete
event simulation (DES), system dynamics (SD) and agent based (AB) modeling.
When compared to DES and SD, AB modeling is a relatively new tool that can help
to understand system behavior in more detail by using an individual approach.
Providing opportunities such as examining individual behaviors, making autonomous
decisions, and observing the effects of social networks has revealed the fact that AB
modeling can be beneficial in social areas, too. That's why; several different
applications of AB models on various social problems or systems can be found in the
literature. Although it has been one of the significant modeling tools for most
systems, it cannot be ignored that the modeling phase gets compelling when the
problem/system becomes more complex. Especially in social systems where
individual characteristics vary, interaction is high and the social network cannot be
clearly defined, it is really difficult to provide enough data to make an AB model all
the time. In order to overcome the deficiencies of AB models, researchers/modelers
integrate the AB modeling with different techniques, create hybrid models and try to
maximize the potential benefits. This PhD thesis focuses on developing a hybrid AB
model integrated with a multi-stage learning based fuzzy cognitive map (FCM) that
is also an important method that can handle complexity. The presented hybrid model
is implemented for tobacco use and control in order to increase the understanding on
the changes of tobacco use behaviors of people in Turkey considering the effects of
demographic characteristics, tobacco control policies and social network.



In this chapter of the thesis, the reasons why studying on tobacco use and the
different applications of the hybrid usage of AB modeling and FCM are presented

systematically.

2.2 Tobacco Use and Control

Tobacco use is one of the biggest public health problems that kills more than 8
million people each year worldwide [7]. It is accepted as the leading cause of
preventable disability and death [8]. It harms almost every organ of the body and
causes various diseases such as cancer, cardiovascular diseases, respiratory diseases
and etc. [9]. Although the mentioned harms of tobacco use has been examined and
published several times, its widespread use still continues all over the world. In order
to decrease prevalent use of tobacco and damages of it to public health, economy and

environment, countries have developed various strategies.

Turkey is among the countries that have a severe fight against tobacco use. After the
signature of the World Health Organization (WHO) Framework Convention on
Tobacco Control (FCTC) in 2004, Turkey has accelerated its efforts on tobacco
control. Although tobacco control measures of Turkey were remarkable and provided
great gains, they could not completely eliminate the widespread use of tobacco. This
situation raised the question of whether tobacco use has been scientifically studied
well enough to help governments and policy makers in Turkey. In order to find the
answer of this question, Unutmaz Durmusoglu and Kocabey Cift¢i [10] performed a
detailed quantitative analysis to see the trends in tobacco use and control research
field and how much researchers of Turkey contributed to this area. The fundamental
aim of this study was to examine the change in number of publications before and
after the WHO FCTC was introduced in Turkey and other countries. This treaty was
released by the WHO in order to help countries to control the widespread use of
tobacco in their societies [10]. It has helped the most of the countries and leads them
to make efforts against tobacco. That's why; the study of Unutmaz Durmusoglu and
Kocabey Ciftgi [10] was also searched whether the WHO FCTC has become an
important milestone for Turkey and other countries according to the literature.

For this aim, they made a detailed publication search from the Thomson Reuters
Web of Science that contains all articles indexed by SCI-Soc-SCI and Expanded
SCIE [11]. Their search methodology was represented in Figure 2.1.

8



Database

Web of Science All Databases

l

Search Terms

"tobacco control” OR “tobacco use", "control” OR "smoking",
"control" OR "tobacco use", "cessation”, "programme" OR
"smoking", "cessation", "programme" OR " tobacco use",

"cessation”,"program” OR "smoking", “cessation", “program" OR

"tobaccou se*, "prevention” OR "smoking", "prevention” OR

"tobacco use", "intervention” OR "smoking", "intervention"

A 4

Search in Topics

n=128,491 Papers published before

1990 and after 2015 are
excluded.
n=18,751

v

A 4

Time Range:1990-2015
n=109,740

Patents are excluded.
n=2,155

\ »

Retrieved Publications
n=107,585 ~

Publications which are
not relevant to tobacco
— '< control were excluded
after title and abstract
relevance search.

y o)

Total Number of Included Publications

n=7,854

Figure 2.1 The data inclusion procedure [10].

They analyzed several different aspects of the relevant publications such as number
of publications, type of publications, origins of authors, journals and etc. Among
them, the change in the number of publications by years and the distribution of the
authors according to their origins were two important source of motivation to study
tobacco use and control in this thesis.

The number of publications on tobacco use and control has increased from 1990 to
2015 significantly all over the world as seen in Figure 2.2. Although the number of

studies slightly decreased in some years, it can be said that there was an upward



trend in the number of publication generally. These results showed that tobacco use
and control research field has attracted the attentions of researchers especially after
2001.
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Figure 2.2 The number of publications on tobacco control and tobacco use fields

over years [10].

The findings about the contributions of countries to the relevant field were also
presented in the Table 2.1 in detail. Authors originated from the USA, Canada, UK,
and Australia contributed to the tobacco use literature the most. Table 2.1 also
presented the sign status of the WHO FCTC, signature dates and number of papers
on tobacco use and control of countries for 5 year ranges. Some of the countries such
as Malaysia and Uruguay made their first publications after their signature of the
WHO FCTC.

When the results of Turkey were examined, it can be said that the signature of the
WHO FCTC has increased the attentions on tobacco use and control because the
number of publications have increased. However, Turkey was not among the
countries that contributed to the relevant literature mostly like USA, Canada, UK and
etc. Although Turkey has been suffering from the harms of prevalent usage of
tobacco significantly, its publication results told that researchers of Turkey did not
study on this topic sufficiently. One of the reasons behind why Turkey did not gain
better results from their tobacco control policies may be due to the limited number of

studies that focused on understanding tobacco use behaviors in Turkey.
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Table 2.1 Most productive countries in tobacco control [10]

Countries Tobacco WHO WHO 1990 1995 2000 2005 2010
Control _FCTC FCTC ) ) ) )
Records Sign. Status Sign.
(%) Year 1994 1999 2004 2009 2014
records records records records records
USA 51.35 Signed 2004 183 395 686 1073 1375
Canada 8.70 Signed 2003 17 55 70 171 298
UK 8.62 Signed 2003 1 39 88 178 295
Australia  8.24 Signed 2003 13 43 77 163 293
Peoples Signed 2003
R. of
China 3.72 3 15 17 55 149
Germany  3.20 Signed 2003 6 14 35 75 103
Netherlan Signed 2003
ds 3.11 10 18 20 54 120
Spain 2.61 Signed 2003 4 10 38 45 86
India 2.34 Signed 2003 4 2 6 36 117
France 2.18 Signed 2003 5 15 32 40 61
Switzerla Signed 2004
nd 2.02 3 11 35 35 60
Sweden 1.90 Signed 2003 7 20 32 38 41
Italy 1.88 Signed 2003 6 8 24 34 60
Brazil 1.54 Signed 2003 0 2 9 34 61
New Signed 2003
Zealand 1.41 2 8 9 28 53
Japan 1.38 Signed 2004 7 14 14 30 36
Mexico 1.35 Signed 2003 0 2 10 41 45
Republic Signed 2003
of Korea 1.08 0 1 6 19 46
Finland 1.03 Signed 2003 5 6 18 21 25
Taiwan 0.97 No info - 0 4 1 31 29
Denmark  0.88 Signed 2003 4 2 13 19 25
Norway  0.83 Signed 2003 5 5 14 12 25
Ireland 0.81 Signed 2003 2 1 1 22 34
South Signed 2003
Africa 0.81 5 8 4 16 22
Poland 0.80 Signed 2004 0 3 4 14 32
Turkey 0.80 Signed 2004 0 1 6 23 25
Thailand  0.79 Signed 2003 1 0 7 21 25
Malaysia ~ 0.67 Signed 2003 0 0 0 8 34
Greece 0.66 Signed 2003 2 0 2 16 26
Belgium  0.60 Signed 2004 1 7 6 11 18
Austria 0.46 Signed 2003 1 4 13 6 9
Portugal  0.46 Signed 2004 0 1 5 5 18
Others 15.02 20 61 163 280 557

Therefore, the study of Unutmaz Durmusoglu and Kocabey Cift¢i [10] indicated that
there was still an important gap for understanding tobacco use behaviors of Turkey.
That is why; increasing the understanding of tobacco use behaviors and the benefits
of the tobacco control measures, tobacco use and control issue of Turkey was

examined in detail using the developed hybrid AB modeling.
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The next sub-section of the chapter presented the hybrid studies that integrated AB
modeling and FCM.

2.3 The Integration of AB Modeling with FCM

Sterman [12] stated one of the most vital challenges of today's world as "The greatest
constant of modern times is change”. Change is the undeniable fact of the universe.
All systems in the universe tend to change with time. Some situations such as the fast
development of technology accelerate changes and make systems/people connected.
The increase at the interactions in the systems makes systems more complex and
dynamic. Learning about this kind of complex and dynamic systems required more
advanced methodologies. Simulation is one of the important methodologies that

enable to examine the complex systems.

Simulation can be defined as the imitation of a system or a process over time [13].
The major approaches of simulation modeling are System Dynamics (SD), Discrete
Event (DE) and Agent Based (AB) [4] which have different perspectives to model
the problems. Among them, the history of SD and DE goes back even further
compared to AB modeling. The arrival of AB modeling in the1990s offered a novel
approach to the simulation literature [14].

The AB modeling involves the imitating individualistic behavior and interpreting
emerging patterns [15]. It models the systems with the help of collection of
autonomous decision making entities (agents) which individually evaluated its states
and makes decisions using a set of rules [16]. The AB models are really good to
capture human environment interactions. For that reason, the AB modeling has
gained increasing popularity for building useful models for social systems [17] that
consist of several different heterogeneous factors and their interactions with each
other and their environment. In the literature, there is one other methodology that
stands out with its capability to handle complex structure of the social systems. It is
called as fuzzy cognitive map (FCM).

FCM is a kind of hybrid method that combines the sense of fuzzy systems and neural
networks [18]. It is also a modeling and simulation tool that are suitable for modeling
complex systems consisted of a great number of highly related and interconnected

elements and subsystems[19]. It basically illustrate the system by a graph that
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represents the cause and effect relationships among factors and integrates knowledge

and experience with the operation of the system [20].

Although AB modeling and FCM are two important tools to model the complex
systems, they use different approaches while examining the systems. While AB
models use micro-level point of view, FCMs take a macro-level point of view which
represents casual relationships instead of individual units and interactions [21].
FCMs stress on fundamental factors of a system, provide information about
directions and strengths of the relationships between studied factors. One of the
major difficulties to handle a social system is to provide necessary data to represent
all relevant factors and their interactions with each other. In this case, researchers and
modelers must work with a methodology that can allow working with scarce data.

FCMs are able to operate with unstructured knowledge and the casual relations [22].

The AB models and FCMs have wide ranges of application areas separately due to
different advantages that they provide. Therefore, they have been successfully
implemented through different disciplines from business to health research areas.
The practicabilities of ABMs and FCMs to the social systems and their capability to
handle complexity have caused to think about integrating these methodologies in one
model in order to get benefits of both methodologies. However, the hybrid usage of
both methodologies is a relatively new concept when compared to their single
implementation. That's why; there is limited number of study that stress on the
hybrid usage of these methodologies. The integration styles of both methodologies

can differentiate depending on their implementation procedure.

In the relevant literature, researchers have used several ways to integrate both
methodologies. One way to integrate the methodologies is to describe the nodes of a
FCM with the help of agents. The study of Stula et al. [23] and Lee et al. [24] are two
important applications of models that used the agents as node agents. Stula et al. [23]
named their new model as agent based fuzzy cognitive map (ABFCM). The ABFCM
was basically used the classic view of FCMs but supported this classic view with
converting the nodes of the FCM as agents. This newly added characteristic of the
model was used to enable each concept to apply different inference mechanism.
Thus, the model can use different algorithms for the new state calculation of each

concept. Lee et al. [24] proposed a multi-agent based FCM which was used for
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marketing planning problems. Similar to the previous work, they used agents to
represent concept nodes of the FCM in order to eliminate the weaknesses of
traditional FCMs.

While reviewing the hybrid usage of AB models and FCM, it is required to tell the
contributions of Dr. Giabbanelli [25] and his colleagues. They performed valuable
researches about the relevant literature. Giabbanelli [25] prepared a PhD thesis about
understanding the complexity using the AB modeling and FCMs. He presented a
framework that supports modelers to express how social influences are mediated by
individuals and represents how FCMs can be used for representing mental models of
people. Subsequently, Giabbanelli et al. [21], discussed two important ways of
integration of both methods as seen in Figure 2.3. One way was to embed an FCM
within each agent and the second way was to embed agents in one FCM. The first
way was used to represent mental models' of agents while the second one is used to
extend selected factors of a FCM. The first way of the mentioned study was one of
the important inspirations of this thesis. In this PhD thesis, FCM was used to
represent the brain activities and the decision making procedures of the agents. This
kind of application is really rare and there is an important gap to represent different

implementations of it.
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Figure 2.3 Two different ways of combining FCM and AB model: a) representing
each agent's mental model with an FCM b) extending selected concepts
of an FCM using an ABM [21].
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In other study, Giabbanelli et al. [26] helped to develop a software to use ABM and
FCM together. That software is one of initial examples prepared for hybrid use of the
methods. Their software aimed to build heterogeneous mental models for the agents.
Thus, agents could use different FCMs to increase the flexibility and heterogeneity.
There are few studies that use FCMs as metal models on different research areas
apart from Giabbanelli et al. [21] mentioned. Grass et al. [27] build an individual
based predator prey model that used FCM to represent agent's behaviors. Khater et
al. [28] focused on modeling the genomes of organism with the individual based
evolutionary ecosystem simulation by representing their behavioral traits with FCMs.
In addition, Mehryar et al. [29] integrated ABM and FCM in order to simulate
different policy options on farming community that faces water scarcity. Instead of
using one FCM for all farmers, they grouped the farmers as small, medium, and large
according to some factors such as the size of their lands. This grouping procedure

was used to protect the diversity at the mental models.

A summary of the researches that focused on hybridization of AB modeling and
FCM to represent mental models of agent are presented in this section. Different
from the review performed in this thesis, Davis et al. [30] presented a detailed
literature review that explain all possible ways of hybridization of both

methodologies and the studies that applied one of these ways in detail.
2.4 Concluding Remarks

The summary of the researchers that focus on representing the mental models of the
agents with FCMs were given in this chapter. In the light of the given literature, the
main objective of this PhD thesis is to integrate ABM with a multi-stage learning
based FCM to obtain a novel hybrid model. Tobacco use and control research field is
selected to implement the proposed model in this thesis because tobacco use system
is a complex and dynamic social system that consists of high variety of factors such
as characteristics of people, tobacco control policies, social networks of people and
etc. Although tobacco use is a well studied system, the prevalence of tobacco use
brings out the necessity of more advanced studies for understanding tobacco use
behaviors comprehensively. Therefore, developing an advanced model for tobacco

use system becomes an important motivation for this thesis.
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Although there are a few examples of hybrid usage of these methodologies, this
thesis differentiates from them by several points. FCMs are used to reflect decision
making mechanism of the agents in this thesis. For this aim, a multi-stage learning
procedure is implemented in order to restrict the usage of expert knowledge that can
cause subjectivity and decrease the accuracy of the studies. In order to overcome
these problems, a two-stage learning procedure is used to train the maps with the
help of the non-linear Hebbian algorithm (NHL) and extended great deluge algorithm
(EGDA). To our best knowledge, there is not a hybrid AB model that implements a
multi-stage learning FCM and tested on a real-life problem in the literature. Thus,

this thesis fills this gap and contributes to the literature at this point.
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CHAPTER I

FROM AGENT BASED MODELING AND FUZZY COGNITIVE MAPS TO
HYBRID MODELING

3.1 Introduction

The motivations of this PhD thesis and summary of the relevant literature have been
provided through Chapter 1 and Chapter 2. Different from these chapters, Chapter 3
aimed to provide a theoretical background for Agent Based (AB) modeling and
Fuzzy Cognitive Map (FCM) and their integration. The capabilities, fundamental
terms and concepts, advantageous, disadvantageous and the application procedures
of both methodologies are explained systematically. The reason why integration of
both methodologies is required is discussed. Finally, the statement purpose of the

thesis is provided.

3.2 Agent Based Modeling

Agent Based (AB) modeling is one of the fundamental simulation approach. It is
relatively new when compared to Discrete Event (DE) and System Dynamics (SD).
[4]. The concept of AB modeling was firstly proposed in the 1990s [14] , [31] , [32]
although it takes its roots from micro simulation. From that time on, it has been
applied in several different research areas including energy, biology, and etc. [33].
AB modeling has also promised a revolutionary advance in social science theory
[34]. Computational advances from simulating agent behavior have made possible

big amount of AB models across a variety of application domains [35].

AB modeling is a mindset that consists of describing a system from the perspective
of its units [16]. It simulates complex systems that allows the researcher investigating
both the potential and sources of emergent properties [36]. It is a kind of
computational simulating tool that uses autonomous agents that live, move, and

interact with each other on a virtual world [37].
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As Borshchev and Flippov stated [4] "AB models are decentralized. Compared to SD
or DE models, there is no such place in AB model where the global system behavior
would be defined. Instead, the modeler defines the behaviors at individual level , and
the global behavior emerges as a result of many (tens, hundreds, thousands,
millions) individuals, each following its own behavioral rules, living together in
some environment and communicating with each other and with the environment.
That is why AB modeling is also called bottom-up modeling.” Thus, unlike other
traditional methodologies, AB modeling provides the opportunity to examine the

heterogeneity and interdependencies.
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Figure 3.1 Approaches in simulation modeling on abstraction level scale [4].

In order to understand AB modeling in detail, it is important to figure out the term

"agent". In the next sub-section, the information for agent term is presented.

3.2.1 Agent

AB modeling is a valuable tool to examine complex and dynamic systems using
individualistic approach with the help of agents. Agents are basically entities of a
model that acts on behalf of others while displaying autonomous behaviors [38].
Although there is not a universal consensus on the definition, it is accepted that
agents have behaviors, learn from experiences, interact with and influence each other
[39].
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Agents can differentiate based on the types of problems/systems that they have been
used for. While they represent individuals for a population in a population growth
problem, they can represent money, automobiles, machines, data, patient, virus, ship
and etc. for different problems. Thus, the agents of a system are determined

considering the fundamental object of a system or a problem.

According to the application procedure, agents can have different properties.
However, it is important to state that objects should have essential properties to
deserve to be called as "agents". Macal and North [35] and Macal [39] presented

certain properties of an object to qualify as agent:

e Being autonomous: An object should be autonomous to be called as agent
that can behave independently in its own environment.

e Being modular or self contained: An agent should be identified with a set of
characteristics/attributes, behaviors and decision making capabilities. Thus,
anagent is a uniquely identifiable entity.

e Being social: An agent should interact with other agents. Agents have
procedures that identify how they interact with each other.

e Having a state: An agent should have a state that represent the essential
variables related with its current situation and varies over time. The state of

an agent generally consists of a group of subgroup of its attributes.

| Environment l

Agent

Attributes

Behavioral rules

Memory

Resources

Decision making sophistication
Rules to modlify behavioral rules

11

Figure 3.2 An example for a typical agent [35].
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In addition to these three criteria, agents may have a specific goal, have an
environment, have resource attributes, learn and adapt its behaviors from its

experiences [35]. Figure 3.2 represents an example for a typical agent.

All mentioned characteristics that an agent should/may have, help us to visualize a
complex and dynamic real life problem in detail when compared to most traditional
techniques. The usage of agents in the modeling provides significant advantageous to
modelers:

e The full effects of diversity that agents represent with respect to their
characteristics and behaviors can be examined by modeling agents
individually [39].

e AB modeling can provide us better understanding real world systems where
the representation of individuals is important [14].

e AB models are able to demonstrate emergent phenomena [34].

e AB models can clearly model the complexity arising from individual
behaviors and interactions that happens in the real life [14].

e AB models provides flexibility with the help of agents [16].

e AB models allows modelers to handle real world systems or problems that
were either not possible or not readily accommodated using traditional
modeling tools such as DE and SD [14].

Due to the benefits of AB modeling, it has been implemented for several different
real life systems and problems such as economy, production, logistics and etc. to
gain better understanding. Especially, the growing acceptance of AB modeling in
various fields of social sciences draws the attentions. The most important reason
behind the enthusiasm for AB modeling is the dissatisfaction with the restrictions
imposed by alternative models (differential equations and statistical models) [34].
The AB modeling provided a different perspective to social fields' modelers. When
considering the complexity and dynamism of the social problems due to the
individualism and interactions, the potential contributions of AB modeling to the

relevant area is remarkable.
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3.3 Fuzzy Cognitive Map

Fuzzy Cognitive Map (FCM) is one other methodology that draws attentions by its
capability to handle complexity with ease. FCM can model the dynamics of complex
systems by incorporating the casual relations between the concepts [40]. FCMs
attracts the interest with different appealing properties [41] like describing the system
behaviors ina symbolic manner, illustrating the entire system by a graph showing the
cause and effect relationships among concepts and integrating knowledge and

experience with the operation of system [20].

It was proposed by Kosko in 1986 [42] by extending the idea of Cognitive Maps
(CMs)[43]. FCMs consist of directed graphs [44] with consist of nodes and edges as
shown in figure 3.3. Nodes represent the concepts (such as factors, variables,
attributes and etc) while edges represent the relations between the related concepts.
Therefore, C; and Wj; represent the concepts and the relationships among the
concepts respectively in the Figure 3.3. If there is N number of concepts in the map,
the values of each concept can be expressed with a state vector called as A with N
dimension. The values of the concepts can range between -1 and +1 or between 0 and
+1 based on the types of the studied problem.

Figure 3.3 An example for a simple FCM [22].

The relationships between the concepts (W;;) show the strength of the relations. The
main difference of the FCMs from CMs is that FCMs can also present the strength of
the relationships with the help of fuzzy logic while CMs can only give information

about the direction of the relations [22]. The strength of the relationships can take
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values between -1 and +1. A negative value in the relation (W;) means that any
increase or decrease in concept i cause an adverse effect in the concept j. A positive
value in the relation (Wj) indicates that any increase or decrease in concept i will be
resulted with similar effect in the concept j. If there is no relation between concepts,
the Wj; will take the value, 0. The relations of the concepts are represented with an
NxN matrix (weight matrix) in the FCM procedure. The strength of the values of the
relations is shown with the help of the weight matrix.

The design process of the FCM starts with the initial data. Modeler must gather some
information such as the number of concepts, initial values of these concepts and
initial weight matrix of the relations. After collecting the required data, all concepts
becomes activated and initialize to influence each other [44]. At each iteration, new
values of the concepts are calculated using formulation proposed by Dickerson and
Kosko which is givenin Eq. 3.1 [45], [46].

AP = FAY + Zioi ey WiiAD) (3.1)

In this formulation, k shows the number of iteration and f indicates the threshold
function. The threshold function helps to bound the transformation to a limit cycle
[47].

The interaction process goes on until FCM reaches one of the following states [48]:

e A fixed point where the stabilization for the values of vectors occurs
e Alimit cycle in which the concepts are falling ina loop.

e A chaotic behavior where concepts' values vary with iterations.

3.3.1 Learning Algorithms

FCM researches mostly initializes with the knowledge provided by experts who are
expected to identify the key concepts (that describe the behaviors of the system), the
relationships between the concepts, and the strength of these relationships [49]. This
mechanism makes the design process of FCMs highly dependent to the knowledge of
experts [22]. The dependency to the expert knowledge can cause weaknesses because
expert knowledge may contain subjective reasoning that may restrict the accuracy
and the reliability of the maps [45]. In order to eliminate the problems sourced by the

usage of expert knowledge, make the system converge in the desired regions, and
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improve the robustness various learning algorithms are used in the analysis [20],
[501, [48].

Learning algorithms fundamentally update the initial knowledge [51] and modify the
relationships [48] to reach appropriate relation matrix. The learning algorithms can

be categorized in two main classes [40], [22]:

e Algorithms that use Hebbian rules

e Algorithms that use evolutionary optimization procedures

Hebbian learning rule is accepted as one of the simplest learning procedure for two
layer networks [52]. It determines how much the relations among two concepts will
be modified in proportion to their activation [50]. The initial research of FCMs with
Hebbian rule was proposed by Dickerson and Kosko in 1994 and was called as
Differential Hebbian Learning (DHL) [41], [46]. This algorithm was extended
various times in the literature. Initially, Huerga [53] proposed the Balanced
Differential learning algorithm (BDL) in 2002. The BDL was tested with four
different training sets and provided promising results when compared to DHL.
Following to the BDL, Papageorgiou et al.[54], [55] presented two different versions
of it: the Nonlinear Hebbian learning (NHL) and Active Hebbian learning
respectively. The NHL algorithm basically stresses on finding a set of
interconnection weights that minimizes the pre-determined cost functions while the
AHL algorithm focuses on activating the concepts asynchronously by a specific
sequence to reach the equilibrium point [40], [22]. The common vital properties of
both learning algorithms are their high dependency to the initial weight matrix
provided by experts [22]. Therefore, the false estimations of the experts during the
identification of the initial weight matrix can affect the expected efficiency of these
learning algorithms [45]. The other learning algorithm where stresses on the Hebbian
rule category is the Data Driven Nonlinear Hebbian learning algorithm (DD-NHL)
that was an extended version of the NHL algorithm that use historical data to
improve the quality of the learned FCMs [41]. Papakostas et al. [40] performed a
detailed comparison analysis for DHL, NHL, DD-NHL, and AHL algorithms in
2011. They implemented these algorithms on three different problems: a process
control example, a chemical plant example, and a heat exchanger process example in
order to measure the performance of them. The findings showed that the performance
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of the NHL algorithm was satisfying to control the output variations by keeping them
in desired regions. The DD-NHL followed the NHL with similar results while the
DHL and AHL provided the worst results among all. A brief history for the
development of the versions of the hebbian learning rule was given here. It can be
seen that the hebbian based algorithms are widely used in the FCM studies for

learning purposes although there are some weaknesses [22].

The second category for the learning algorithms is evolutionary algorithms. The
evolutionary algorithms started to appear in FCM studies in order to avoid the
deficiencies of the Hebbian-like algorithms [22] because although Hebbian-like
algorithms are relatively fast to converge to the desired FCM states and very
common in FCM studies, their performance are highly related with the initial weight
matrix and predefined structure of FCMs [56]. In contrast, the evolutionary
algorithms try to ensure near-optimum solutions for the relation search mechanism
[40]. For that reason, several different algorithms have been used with FCMs for

various problems.

Koulouriotis et al. [57] used an evolution strategy to train causal relationships while
Papageorgiou et al.[58], [59] implemented Particle Swarm optimization (PSO) for an
industrial process control problem in 2004 and 2005 respectively. Song et al. [60]
also proposed the application of multi objective particle swarm optimization for
FCM training and implemented the algorithm for modeling the mental and physical
behaviors of an emotional agent in a virtual world. On the other hand, Stach et al.
[61] performed an analysis with Genetic Algorithm (GA) to construct the FCM and
demonstrated the effectiveness of the evolutionary algorithm while Ghazanfari et al.
[62] compared the performance of Simulated annealing (SA) and Genetic Algorithm
(GA) for the learning process. In addition, Alizadeh et al. [63] used tabu search
algorithm for the training in 2007 and Baykasoglu et al.[45] for FCM analysis to
analyze the performance of the algorithm for two different problems: an industrial
process control problemand a job shop problem. They provided promising results for
the studied algorithm. In 2014, Durmusoglu et al.[64] also used the EGDA to train
the FCM for analyzing the factors affecting tobacco use among students. In 2015,
Ahmadi et. al [65] proposed a new automated FCM learning algorithm which is

called as Imperialist Competitive Algorithm (ICA) using historical data. They also
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tested the accuracy and execution time of it. The proposed algorithm showed

satisfying results.

3.4 Integration of Agent Based Modeling with Fuzzy Cognitive Map

The theories and potential advantages of Agent Based (AB) modeling and Fuzzy
Cognitive Map (FCM) was provided in the previous sub-sections of this chapter. In
the light of the information given above, it can be stated that AB modeling and
FCMs are two powerful techniques that can handle the complexity of the real life
systems. Although both of them use different approaches to model the systems, the

benefits of both methods cause widespread use of them in the modeling literature.

The major difference of these two modeling methods is the views that they use for
modeling the systems. AB models generally examine the systems with a micro-level
view while FCMs uses a macro-level view. Both views provide to the modelers

different vital advantageous during the modeling processes.

In micro level views, macro level patterns emerge through the micro level behaviors.
In order to build an AB model, the vital object(s) of the system that is called as agent
is determined and the model is created with the collection of agents. These agents are
autonomous, interact with each other, and have different properties and state. Thus,
using agent provides heterogeneity. In addition, AB modeling allows socialization.
Most of the traditional techniques cannot represent the interactions inside a system.
However, interactions can be vital for many real life systems. For example;
examining an epidemic without interactions can cause weaknesses for a study
because many people can be infected during their interactions with others. However,
AB modeling can help to represent the interactions in a virtual world. The modelers
can examine how different agents behave, affect others, and are affected from others.
Therefore, AB modeling helps modeler to look inside to a system with a magnifying

glass.

On the other hand, the macro level view examines the system as a whole. FCMs are a
good example for aggregate modeling techniques. FCMs generally list the relevant
factors, identify which ones have an effect on others and help to measure the strength
of these effects. In FCMs, the level of a concept can change across iterations

depending on the factors that affect it and the strength of the relations [30]. Thus,
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FCMs examine a system by determining the factors that affect the systems and the
relations between these factors. The elicitation processes of an FCM is relatively
intuitive because it requires neither hard data nor modeling expertise, especially

compared to other macro-level view approaches such as System Dynamics [30].

Although micro and macro level views provide different gains to AB models and
FCMs, they can still have different weaknesses separately and cause some problems
to the modelers during modeling processes. The capabilities of AB modeling such as
representing heterogeneity and interactions between the agents were mentioned
above. AB modeling is basically modeling techniques that try to examine the all
pieces of a puzzle. However, when the system becomes more complex, the
requirement of data can increase too. Providing data for the characteristics, behaviors
and networks of each critical individual can be a problem. Especially, systems like
social systems that consist of various characters and many interactions may be
difficult to model with AB modeling due to the lack of information. In contrast to
AB modeling, while FCMs can work with the limited number of data compared to
AB models, they cannot represent heterogeneity and socialization because they only
stress on creating generic maps to represent the entire system. This situation was
stated as "the FCM methodology can provide the agents' brains, but brains cannot

directly interact: they must be places inside bodies™ [26], [30].

In order to overcome the weaknesses of both methodologies, the integration of them
was discussed in the literature. Although several different hybridizations can be
found, the hybrid usage of AB modeling and FCM is relatively new. The potential of
their hybridization is the starting point of this PhD thesis. The problem statement and

the main purpose of the thesis are given in the next section.

3.5 Statement of Purpose

"Curiosity to unknown" has generally formed the basis for most of the pioneering
inventions and researches. Desire to understand the behaviors of the complex and
dynamic systems have directed researchers to question the existing methodologies
and explore for better ones. Eliminating the weaknesses of the current methodologies
and examine the real life systems more realistically can be the one of the causes of

hybrid techniques. The integration of AB modeling and FCMS can be a good
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example hybrid models that tries to improve the current states of the techniques and

reach more flexible methodology.

In the light of the information given, this PhD thesis began with the question "lIs it
possible to build a model that is flexible enough to represent complex and dynamic
social systems?”. For this aim, a novel hybrid model which is developed by
embedding the concept of a multi-stage learning based FCM into the AB model in
order to benefit from advantages of each methodology. The AB model is used to
represent individual level behaviors while the FCM is used as a decision support
mechanism for individuals. Although a few applications of the integration of AB
model and FCMs have been seen in the literature, there is still a huge gap for
hybridization of both methodologies especially for social systems that consist of
many different factors and interactions. The presented model is built for obtaining
better understanding on tobacco use and control in Turkey. The main reason behind
to study on tobacco use and control is that tobacco use is increasingly recognized as a
complex adaptive system involving biological, behavioral, and environmental

influences” [66].

Tobacco use is a complex and dynamic social system that consists of high variety of
factors such as characteristics of people, tobacco control policies, social networks of
people and etc. Although tobacco use can be accepted among the well studied system
in the world, the prevalence of tobacco use brings out the necessity of more advanced
studies for understanding tobacco use behaviors comprehensively. Besides, the study
of Unutmaz Durmusoglu and Kocabey Ciftgi [10] revealed that the study
performance of Turkey is not as the expected level according to the number of
publications on tobacco use. This result indicated that there is still not enough
research to understand tobacco use behaviors of Turkey. This thesis aims to examine
these behaviors with the help of the proposed hybrid model. This thesis can be a
pioneering example to researchers to implement more advanced modeling techniques

and help to understand tobacco use system of Turkey comprehensively.

In this thesis, FCMs are used for representing the mental models of the individuals of
Turkey. The characteristics of the individuals such as gender, age, residence,
education level, work status and implemented tobacco control policies such as

taxation, warning labels and etc. are embedded as concepts to the FCMs. The casual
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relationships and the strength of these relationships are examined and likelihoods to
tobacco use of individuals are found as the result of FCM analysis. Most of the
FCMs are generally initiated with expert knowledge to obtain information about the
concepts and their possible relations. In this thesis, the usage of expert knowledge is
restricted by using random initial relation matrix. Then, a two-stage learning
procedure with the non-linear Hebbian algorithm (NHL) and extended great deluge
algorithm (EGDA) for tobacco use and control of Turkey is implemented and
presented by Kocabey Ciftci and Unutmaz Durmusoglu [22] is used to train the

mental models of the individuals.

In the presented hybrid model, the mentioned multi-stage learning procedure based
FCMs are integrated to decision making process of agents. Therefore, the FCMs of
this model use both algorithms subsequently while calculating the likelihood of
tobacco use of agent at each step. It helps to increase the accuracy and robustness of

the mental models of the agents in the model with this implementation.

Apart from all these, the proposed model also helps to examine the potential impacts
of a new tobacco control policy (plain package) and new pandemic COVID19 on the
prevalence of tobacco use for Turkey with hypothetical scenarios. The results of
scenario analysis can help policy makers to see groups that could be more resistant to
quit or more vulnerable to start smoking. Thus, future policies can be developed

benefiting from the information supplied by these results.

The aimed model is prepared using the AnyLogic Simulation Software. The details

of the software are presented in the next sub-section.

3.6 AnyLogic Simulation Software

AnyLogic is one of the leading simulation software that helps to gain insights
complex systems across a wide range of industries. It was developed by XJ
Technologies. It can be used for developing three well known simulation methods:
Discrete Event (DE), System Dynamics (SD) and Agent Based (AB) in the same
environment as seen in Figure 3.4. It is also known as the first tool to perform multi-
method simulation modeling. It has been used in several different industries such as

manufacturing, mining, transportation, supply chains, marketing, healthcare and etc.
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Figure 3.4 Simulation modeling techniques in AnyLogic.

The AnyLogic 7 University (version 7.0 0) is used in the presented thesis. The main
reasons to model with AnyLogic in thesis can be listed as follows:

e It allows building hybrid models in any combinations due to the capability of
multi-method simulation modeling

o It allows writing your own JAVA codes to the model. This provides
remarkable flexibility to the modelers. This property of the software is really
crucial to perform this thesis because all process relevant to the FCMs were
written in JAVA separately and embedded to the software with the help of
AnyLogic.

e It has a well-designed user interface to model that makes the modeling
process easier.

e It has several different libraries such as pedestrian, logistics and etc that
consist of relevant processes. The libraries help to accelerate the modeling
process.

e It can perform several different additional analyses such as sensitivity

analysis, calibration, optimization and etc.
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3.7 Concluding Remarks

Agent Based (AB) modeling and Fuzzy Cognitive Map (FCM) methodologies have
been two important methodologies to model complex and dynamic systems.
Although they use different approaches to model the systems, both of them provided
significant advantageous to the modelers. However, they may have different
weaknesses due to their approaches. In order to overcome their weaknesses,
integrating both methodologies can help modelers to build more realistic and flexible
models to represent real life systems. This chapter provided the theoretical
background for methodologies, their integration and statement of purpose for this

thesis.
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CHAPTER IV

A MULTI-STAGE LEARNING BASED FUZZY COGNTIVE MAP FOR
TOBACCO USE AND CONTROL

4.1 Introduction

Modeling and imitating the complex and dynamic real life systems is a challenging
process. When the number of factors and their relations increases, the complexity can
grow, too. In order to handle these kinds of systems, researchers use different
techniques such as Fuzzy Cognitive Maps (FCMs). FCM is a kind of graph-based
knowledge representation that presents the casual relationships between the concepts
[40]. It generally helps to analyze the behaviors of a system utilizing expert
knowledge or available knowledge from existing databases [67]. Therefore, most of
FCMs are initialized with knowledge provided by experts such as concepts, relations
and etc. Experts are forced to think about relations among the concepts and justify
their bids to transform their knowledge into a FCM [20], [22]. The design process of
a FCM increases the dependency to the expert knowledge and can cause to the
subjectivity due to the usage of experts’ opinion. FCMs try to eliminate the
subjectivity and the dependencies to the expert knowledge using learning algorithms
that can modify the relation matrix to reach a suitable one. Several different learning
algorithms have been embedded to the FCMs in the literature. An overview for FCM

and learning algorithms were provided in the previous chapter.

In this thesis, a multi-stage learning based FCM is designed for examining the causal
relationships between demographic characteristics of people and likelihood of
tobacco use for Turkey. For this aim, algorithms from two different categories are
embedded into the same FCM. The non-linear hebbian learning algorithm (NHL)
from hebbian like algorithms and extended great deluge algorithm (EGDA) from

evolutionary algorithms are selected in order to gain the benefits of two algorithms
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categories. This combinatory usage of the algorithms was firstly proposed by Ren
[56].

Besides, the need for expert knowledge is restricted and the FCM is initialized with a
random initial weight matrix in order to minimize the subjectivity. Although using a
random initial weight matrix may affect the performance of the study, FCM is
trained using a multi-stage learning procedure with the help of two different
algorithms (NHL and EGDA) [22]. The first stage of the learning process is used for
reaching a reasonable weight matrix while the second stage of the learning process is

used for increasing the robustness of the study [22].

The details of the performed and published FCM analysis were presented in this

chapter.

4.2 The Framework of the Proposed FCM

This part of the thesis includes the two-stage learning based FCM for understanding
the relations between demographic characteristics of people and likelihood of

tobacco use of them. For this aim, the FCM analysis is categorized in two main steps:

1. Data collection and preparation processes
2. The design processes of FCM analysis

In the first step, the required data such as demographic characteristics of people and
likelihood of tobacco use to perform a FCM analysis is borrowed from the Global
Adult Tobacco Survey (GATS) Turkey 2008. The dependency between the selected
demographic characteristics and tobacco use status are analyzed using Chi-Square

tests.

Subsequently, a K means clustering analysis is performed using the data of the
GATS Turkey 2008 to categorize the participants of the survey according to their
similarities. Clustering the participants of the survey helps to collect the similar
characteristics of the participants in the same cluster. Thus, making a FCM analysis

for the clusters increases the accuracy of the FCMs.

In the FCM design stage, firstly restricted initial expert knowledge such as input and
output concepts are generated for each cluster and then the random initial weight
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matrixes are created. After that, the initial weight matrixes are trained with the help
of NHL algorithm and the output relations of the NHL algorithm are accepted as the

input of the second stage learning with the EGDA as seen in Figure 4.1.

————
- -

Data Preparation Steps

GATS Turkey Data Evaluation

!

Chi-Square Tests

'

Clustering Analysis

|

FCM with a Two-Stage Learning Steps

Providing Initial Knowledge for FCM

'

Learn with the NHL Algorithm

'

Learn with the EGDA

Figure 4.1 The framework of the proposed FCM [22].
4.3 The Data Preparation

The main data source of the proposed FCM analyses is the Global Adult Tobacco
Survey (GATS) Turkey 2008. The GATS is a national household survey that was
recommended by the World Health Organization (WHO). The major objective of the
surveys is to help countries to collect data on adult tobacco use and key tobacco
control measures [68]. Several different countries of the world have been applied this

survey periodically to their nations in order to monitor the prevalence of tobacco use
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and the effects of their activities against tobacco use. Turkey have been one of these

countries and applied the survey 3 times until now in: 2008, 2012, and 2016.

The surveys include various questions to the participants who are in the adult age

category (aged 15 or over) from different categories such as:

e The main characteristics of the participants such as gender, age, residence,
and etc.

e Their current tobacco use status (never smoker, current smoker, or former
smoker) and their tobacco relevant history.

e Their exposure to the second hand smoke at various places such as at work, at
home, and etc.

e Their awareness to the implemented tobacco control measures such as
warning labels, taxation and etc.

e Their perception about the harms of tobacco use and etc.

In this part of the thesis, the data provided by GATS Turkey 2008 is used to examine
the relationships between likelihood of tobacco use of people and the main
demographic characteristics of them. GATS Turkey 2012 and 2016 data are used at
the integration of AB modeling and FCM part of this thesis. Thus, a total of 9030

people were participated to this national tobacco use survey.

In order to perform the analyses, information about the demographic characteristics
of each participant and their current tobacco use status are extracted from the survey.
The extracted data and the types of the responds of the people are listed below.

e Gender: The one of the first demographic characteristics that was collected
by the survey is gender knowledge.
o Male
o Female
e Age: The participants of the survey must be aged over 15 or at least 15.
e Residence: This category represents the information about living place of the
participants. The answers of the participants can be:
o Urban

o Rural
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e Education Level: In this category, the participants are questioned with "What

is the highest level of education that you have completed?". Their answers

can be as follows:

o

©)

©)

o

o

Not graduated

Elementary school

Primary school

Secondary or vocational secondary school
High school or equivalent

College or Faculty

Master/Doctorate

Don't know

Refused to answer

e Working Status: In this category, the participants are questioned with "Which

of the following best describes your main work status over the past 12

months?". Their answer can be as follows:

o

o

o

o

o

Paid employee

Self employed/employer
Non-paid family worker
Student

Home maker

Retired

No job-able to work

No job-unable to work
Don't know

Refused to answer

e Tobacco Use Status: In this category, the participants are questioned with

"Do you currently smoke tobacco on daily basis less than daily, or not at

all?". Their answer can be as follows:

o

©)

©)

Daily

Less than daily
Not at all

Don't know
Refused to answer
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A detailed data adjustment process is performed because survey could not be able
provide enough data for all categories. In order to transform the data more
meaningful, adjustment process is really vital. The details of the adjustment process

are given below.

o Initially, a total of 12 participants who answers to the questions like "Don't
know™ or "Refused to answer" are eliminated.

e The World Health Organization (WHO) categorizes adult population as
participants among "15-24 ages", "25-44 ages", "45-64 ages", and "65 and
over" and presents the survey reports for each age category. For that reason,
the ages are grouped following the categorization of the WHO in this thesis.
The answers "No job-able to work™ and "No job-unable to work™ categories
are combined because there was only 7 participants in the second unable to
work category. This amount is really few to analyze separately.

e The answers of all categories are converted to a numeric representation.

e Adataset is created by including the information of the participants.

After the adjustments, the dependency of the collected demographic factors to
current tobacco use status of participants in the created dataset is searched to
understand if there is a significant relation between them [22]. For this aim,

independence tests using Chi-Square are performed.

Chi-Square test is generally used for performing an independence test if two
categorical variables are related in some population [69], [22]. The null hypothesis of
the test means that there is no relation between the examined categorical variables in
the studied population so that they are independent [70], [22]. The formula of the
Chi-Square is as provided in Eq. 4.1[13]:

._ . 2
Xo? =320 (4.1)

where O; and E; presents the observed and expected frequencies respectively [22].
The planned Chi-square tests are performed using the STATISTICA 8.0 software.
All 5 demographic characteristics of participants and their relations with the tobacco
use are tested in these analyses. Firstly, the following hypotheses are built for each

test. An example for the hypothesis is as follows [22]:
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e Ho (null hypothesis): The factors "tobacco use status” and "gender" are
independent

e H1: The factors "tobacco use status™ and "gender” are dependent

The p-values are found as the result of each test. All of the p values are under 0.05 as
seen in Table 4.1. Thus, null hypotheses should have been rejected. The findings
indicates that, all demographic factors are significantly dependent to the tobacco use
status for the created database [22]. Therefore, all examined characteristics are

included to the next analysis.

Table 4.1 The p-values of the 5 different chi-square tests [22]

Gender | Age Range | Residence | Education Level | Working Status

Tobacco  Use | 0.0000 0.0000 0.0000 0.0000 0,0000
Status

In the final step of the data preparation, the participants of the survey are clustered
based on the demographic characteristics by performing a clustering analysis. Instead
of generating one common map for 9018 participants, finding the maps of each
group (where participants exhibit similar characteristics) can be more meaningful
and interpretable [22]. Because finding all possible combinations of demographic
characteristics and tobacco use behaviors of participants from the survey are almost
impossible. There is not enough information for all demographic cases in the
surveys. For that reason, collecting participants to clusters according to similarities
helps to perform intended analysis more accurately. Clustering is one of the popular
techniques in data mining with real life applications [71], [22]. The main objective of
the clustering is to find groups in which those belonging to the same group are
similar while those belonging to different groups are dissimilar according to some
criteria of distance or similarity[72], [22]. If the data in the studied dataset are totally
independent, there would be as many clusters as the observations [73], [22]. In order
to eliminate this problem, Chi-Square Independency Test that is performed for

examined factors.

Therefore, K-means clustering algorithm is chosen in order to make a clustering
analysis. K means clustering basically selects a desired number of clusters (k) and
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initial observations as seeds of clusters and then assigns each of the other training
observations to the closest cluster [73], [22]. The clustering analysis is performed by
using STATISTICA software that allows to use of v-fold cross validation instead of
determining the number of clusters previously. V-fold cross validation simply
divides the overall dataset to v folds, then uses the v-1 folds for training and
remaining for testing the validity [74], [22].

Consequently, a K-means Clustering is performed using 10-fold cross validation.
The initial centers of the clusters are maximized and the distance of the each case to
the clusters is calculated using the Euclidean distances [22]. The findings of the K-
means clustering analysis provides 5 clusters for 9018 participants as seen in Table
4.2.

Table 4.2 The members of clusters [22]

Factors | Gender | Age Residence | Education Work Status

Clusters Range Level

Cluster 1 Male 25-44 Rural High School Paid Employee

Cluster 2 Female | 25-44 Urban Elementary Home Maker
School

Cluster 3 Male 45-64 Urban Elementary Paid Employee
School

Cluster 4 Female | 25-44 Rural Elementary Non-Paid Family
School Worker

Cluster 5 Male 45-64 Rural Elementary Self-Employed
School

4.4 The Design of the Multi-Stage Learning Based FCM

This section explains the design procedure of the multi-stage learning based FCM.

4.4.1 Data for Initialization

Most of the FCMs are initialized with expert knowledge. Experts generally provide
the information such as key concepts, initial values of these concepts and the
direction and the initial strength of the relations between the concepts. Designing the
analysis using the expert knowledge completely can increase subjectivity while
decreasing the accuracy and robustness of the analysis. In this thesis, the usage of

expert knowledge is restricted. First of all, the key concepts are taken from the
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GATS Turkey 2008 using Chi-Square independence test. Subsequently, the experts
are only asked as "Is there a positive or a negative relation between concept i and
concept j?" [22]. For example; "Is there a positive or a negative relation between
gender concept and age concept?”. If there is a consensus on the answers such as
"yes" or "no", their common opinion is adopted to the weight matrix [22]. That
means if there is consensus on the response "no relation”, the weight value is
equalized to O [22]. However, if there is an opinion apart from "no relation”, the
range of it is equalized to [-1,+1] [22]. Thus, expert knowledge is only used for
identifying the ranges of the weights. After that, random initial weight matrix is

created for analysis.
4.4.2 FCM Analyses

The FCM analysis begins with the determination of input data. After providing the
required data such as concepts, relations and etc., all concepts becomes activated and
starts to influence each other [44]. The overview for the FCM was given in the
previous section. However, it is important to remind that at each iteration, new
values of the concepts are calculated using formulation proposed by Dickerson and
Kosko which is givenin Eq. 4.2 [45], [46], [22] .

A?H = f(Aﬁc + Z}l=1(i¢j) VV].l'A]I'() (4.2)

In this formula, k shows the number of iteration and f indicates the threshold
function [22]. The threshold function tries to bound the transformation to a limit
cycle [47]. In this thesis, the sigmoid function that helps to keep the values within the
range [0, 1] was used. The formula of the sigmoid function is also given in Eq. 4.3
where £ determined the steepness and a positive value [50].

1

fe = e (4.3)
4.4.3 The Multi-stage Learning Based FCM

This thesis uses random initial weight matrix to perform FCM analyses. The random
initial weight matrix is trained using a two-stage learning mechanism. For this aim,
the NHL algorithm is used at the first stage to train the initial random map. The NHL
algorithm is one of the widely used algorithm in FCM studies with its quickness and
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practicability [22]. Subsequently, the NHL algorithm is supported with a promising
evolutionary algorithm to ensure a near optimum solution [22]. There are two
important reasons to work with the EGDA. The first one is that it requires less
parameter when compared to other well known algorithms [22]. The second one is
that the convenience of the EGDA for the FCM studies that was searched and proved

previously in the study of Baykasoglu et al.[45], [22].

The Non-Linear Hebbian Learning Algrorithm (NHL)

The non-linear Heabbian learning (NHL) algorithm is one of the most popular
algorithms in the FCM analyses. It helps to update the FCM weights between the
concepts in order to increase the capabilities of FCMs [75]. It is also known with its
simplicity and quickness similar to other Hebbian learning algorithms [56]. It was
initially presented by Papageorgiou [54] and extended several times [22]. The
extensions of the algorithm was discussed in ref. [40] in detail. In this thesis, the
relationships between the concepts are modified using the NHL formulation given in
Eq. 4.4 [22].

W™ = yWjj +nAf (A7 — sgn(Wj) AW (4.4)

where Wi’j presents the relation between concept i and j at the k™ iteration and A]’-‘ is
the value of the jth concept at kth iteration [22]. Besides, y represents the weight
decay parameter while n indicates learning rate. "sgn" is the sign function that

returns the sign of a quantity.

The NHL algorithm is stopped using three termination rules. The first termination
rule is to satisfy the minimum cost function. Mean Squared Error (MSE) is used as
the cost function in this study in order to evaluate the performance of the algorithm
and compare the results of it with the second learning stage [22]. The formula of the
MSE is as presented in Eq. 4.5 where ngyepur indicates the number of output concepts
while A¥ represents the value of ith concept at the iteration k and Z®¢*!represents the
real value of the ith concept. The value of ZR¢% is obtained from clustering analysis
that is given in Table 4.5. It refers to the real value of the relevant concept for that

cluster.

MSE = ————ynouput gk _ zRealy2 (4.5)

n(output)
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The steps of the algorithm are presented in Algorithm 1.

Algorithm 1 The steps of the NHL algorithm [22]

Stepl: Start with the initial data: number of concepts, initial weight matrix, initial concept
value, and parameters.

Step 2: Update the concept values using Eq. 4.2.
Step 3: Generate new weights using the Eq.4.4
Step 4: Calculate the cost function using the Eq. 4.5.
Step 5: Check the termination conditions

IF one of the conditions is satisfied, STOP.

ELSE, return step 2.

The other termination rule is to reach the minimum difference for the value of same
output concept at consecutive iterations as seen in eq. 4.6 where e represents the
minimum difference value [22]. The last termination rule is to reach the maximum

iteration number.
Difference = | Akt — A¥| <e (4.6)
The Extended Great Deluge Algorithm (EGDA)

The outputs of the first stage are used as inputs in the second stage. The second
learning stage is performed using the EGDA. The EGDA is one of the members of
meta-heuristic family [45], [76]. It represents similar properties with the well-known
simulated annealing algorithm. The EGDA takes the attention with its global search
ability and relatively less demand of parameters [56], [22]. It accepts the worse
solutions if the cost function is equal or less than an upper limit that is decreased by a
certain amount (called as decay rate) [45]. The EGDA modifies the relations between
concepts using the equation provided in Eq 4.7. where W5*"44%¢ represents the
relation between concept i and j at the new iteration while W;; indicates the values
of weight between concept i and j. In addition, random() is a random value between 0

and 1 while stepsize is the value of the step of the neighborhood.

wgendidete = wy; 4+ (2random() — 1)stepsize (4.7)
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This formula is used to create a neighbor and exhibit the change of a variable from
one value to another with a random step size [22]. The steps of the EGDA are also

presented in Algorithm 2 below.

Algorithm 2 The steps of the EGDA [22]

Initialization

Stepl: Start with the initial data: number of concepts, initial weight matrix, initial concept
value, and parameters.

Step 2: Update the concept values and set as current values using Eq. 4.2.
Step 3: Calculate the cost function

Step 4: Equalize the upper limit and the best cost function to cost function calculated in step
3

The Main Processes

Step 1: Generate the candidate weights using the Eq. 4.7
Step 2: Generate the candidate concept values using the weights from step 1
Step 3: Calculate the candidate cost function using the Eq.4.5.

IF candidate cost function<=current cost function, update candidate weight matrix,
concepts values and cost function as current ones

IF candidate cost function<=best cost function, update candidate weight matrix,
concept values, and cost function as best ones

ELSE IF candidate cost function<=upper limit, update candidate weight matrix,
concepts values and  cost function as current ones

ELSE, increase the rejected solution by one
Step 4: Decrease the upper limit by decay rate
Step 5: Check the termination conditions

IF one of the conditions is satisfied, STOP.

ELSE, return step 1 of the main processes

The same cost function (MSE) with the NHL algorithm is used at the second stage
too. The termination rules of the EGDA are to reach one of the following: maximum
number of iterations, maximum consecutive rejected solutions, minimum decay rate

or stepsize values [22].
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4.4.4 Performance Measures

The performance of the one-stage (the NHL algorithm) and two-stage learning
procedures (NHL and EGDA) are measured using different performance measures
separately. The main measure is the Mean Squared Error (MSE) which is the cost
functions and stopping criteria both procedures. It is calculated by using the values of
all output concepts. Besides, it is important to measure the performance of the
algorithms to predict "the likelihood of tobacco use™ for interpreting the results. For
that reason, the Mean Absolute Percentage Error (MAPE) is also calculated to
evaluate the effectiveness of the stages. The MAPE is estimated considering only the
values of "likelihood of tobacco use™ output concept [22]. The MAPE values are
calculated for one stage learning and two-stage learning procedures separately and
provides to us the percentage difference between the real and the generated
likelihood of tobacco use potential of people [22]. The formula of the MAPE can be

found in Eq. 4.8 where ngyipur indicates the number of output concepts. A{-‘ represents

the value of i concept at the iteration k while ZRé® is the real value of the i

concept.

k_,real
MAPE = ;Z?(Output) | Ay —Z; | (48)

n(output) zreal

The third performance measure is the number of demographic output concepts that
take values outside the pre-determined bounds [22]. The details of performance

measures are given in the next section.

4.5 The Imple mentation Processes

In this section of the thesis, the process of the two-stage learning procedure is

explained in detail.
4.5.1 Determination of Initial Concept Values and Weight Matrix

The demographic characteristics of individuals and the likelihood of tobacco use are
accepted as the concepts. Thus, this FCM analyses consist of 6 key concepts. The

concepts are listed as follows:

e Concept 1 (C1): Gender
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e Concept 2 (C2): Age group

e Concept 3 (C3): Residence

e Concept 4 (C4): Education level

e Concept 5 (C5): Working status

e Concept 6 (C6): Likelihood of tobacco use

The values of the concept from 1 to 5 are calculated by dividing the range [0, 1] to
the number of category of each concept (the number of answers to the relevant
question in the survey). For example; age group has 4 different categories: 15-24, 25-
44, 45-64, 65+. Therefore, the [0, 1] range is divided four equal ranges. The values of
the age group 15-24 take a value between 0-0.25 while the age group 25-44 can take
a value between 0.25-0.5. In the light of the information given, gender (C1), age
group (C2), residence (C3), education level (C4), and working status (C5) concepts
are adjusted to have 2,4,2,7, and 8 ranges respectively. The values of the last concept
"likelihood of tobacco use" are calculated using the percentages of tobacco use of
each cluster. These values are obtained from the GATS Turkey 2008.

The relations are firstly asked to the experts and restricted information about the
direction of the relations is collected. The ranges of the relations are represented in
the Table 4.3. For example; gender (concept 1) can affect likelihood of tobacco use
(concept 6) of people on positive or negative way while likelihood of tobacco use of

people cannot affect gender of people.

Table 4.3 The members of clusters [22]

Concept 1 Concept 2 Concept 3 Concept 4 Concept 5 Concept 6

Conceptl 0 0 0 [-1,+1] [-1,+1] [-1,+1]
Concept2 0 0 [-1,+1] [-1,+1] [-1,+1] [-1,+1]
Concept3 0 0 0 [[1,+1] [1,+1] [-1,+1]
Concept4 0 0 [[1,+1] 0 [-1,+1] [-1,+1]
Concept5 0 0 [-1,+1] [-1,+1] 0 [-1,+1]
Concept6 0 0 0 0 0 0
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Using the directions given in the Table 4.3, a random initial weight matrix iscreated.

This weight matrix is presented in Table 4.4.

Table 4.4 Initial random weight values

Concept 1 Concept 2 Concept 3 Concept 4 Concept 5 Concept 6

Conceptl 0 0 0 0.07 0.53 -048
Concept2 0 0 -0.27 0.71 0.79 0.38

Concept3 0 0 0 -0.29 0.01 -0.51
Concept4 0 0 0.34 0 -044 0.24

Concept5 0 0 0.49 0.10 0 0.69

Concept6 0 0 0 0 0 0

4.5.2 FCMs with Two-Stage Learning Procedure

FCMs analyses are initiated with the determined concepts and random initial weight
matrix. In the analyses, concept 1 and 2 (gender and age group) are identified as
input concepts that are not affected from any other concepts [22]. Therefore, the

values of both concepts will be the same during the simulation.

The residence, education level and work status concepts need to take a value within
the pre-determined range to represent the characteristics of the studied cluster [22].
For example; if the residence of the cluster is urban, the FCM must find the value of
that concept within the bounds of urban. Therefore, they are accepted as output

concepts in order to converge them in the desired regions [22].

The concept 6 (likelihood of tobacco use) is also an output concept that should be
calculated as close as possible to the real value of it for each cluster [22]. The real
ranges or values of output concepts for each cluster are presented in Table 4.5.
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Table 4.5 The initial values and desired range or values of each concept for each cluster [22]

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Initial Desired Initial Desired Initial Desired Initial Desired Initial Desired
value Range or | value Range or | value Range or | value Range  or | value Range or
Value Value Value Value Value
Concept 1 0.2500 0.2500 0.7500 0.7500 0.2500 0.2500 0.7500 0.7500 0.2500 0.2500
Concept 2 0.3750 0.3750 0.3750 0.3750 0.6250 0.6250 0.3750 0.3750 0.6250 0.6250
Concept 3 0.7000 0.5000-1.000 | 0.3000 0.0000- 0.3000 0.0000- 0.7000 0.5000- 0.7000 0.5000-
0.5000 0.5000 1.0000 1.0000
Concept 4 0.6000 0.5714- 0.2000 0.1428- 0.2000 0.1428- 0.2000 0.1428- 0.2000 0.1428-
0.7142 0.2857 0.2857 0.2857 02857
Concept 5 0.1000 0.0000- 0.6000 0.5000- 0.1000 0.0000- 0.3000 0.2500- 0.2000 0.1250-
0.1250 0.6250 0.1250 0.3750 0.2500
Concept 6 0 0.5714 0 0.2011 0 0.4307 0 0.0476 0 0.5150
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In the first stage of the learning procedure, the NHL algorithm is implemented to the
prepared data. The NHL algorithm requires identifying a learning parameter to
perform the analysis. In order to determine the learning parameter, three different
parameter values: 0.0001, 0.001, 0.01 are tested with the NHL algorithm using trial
and error approximation. The parameter value 0.0001 provides the best outputs for
each cluster. For that reason, the first-stage is performed using 0.0001 learning
parameter value. Besides, the weight decay parameter is accepted as 0.98 while the

error difference is identified as 0.001 depending on the relevant literature [22].

The learning process with the NHL is implemented to each cluster by using clusters'
own initial concept values and desired ranges. The number output concepts that
found outside the desired range, the MSE and the MAPE value for only likelihood of

tobacco use concept is calculated for each cluster at the end of the FCM analyses.

The output of the first stage is used as the input in the second stage. For that reason,
the weight matrixes provided by the NHL algorithm are accepted as the initial weight
matrix of the EGDA in the second stage [22]. The parameters of the EGDA are taken
from the study of Baykasoglu et al. [45], [22]. The decay rate is 0.001 while the step
size is initiated from 0.9 and decreases by 0.01 until it reaches to 0.1, then decreases
by 0.001 till it reaches 0.001 [22].

The second stage is run to reach 1000 iterations. Similar to the first stage, the MSE
value, the number of demographic output concepts that found outside the desired
range, and the MAPE value for only 6th concept are calculated for each cluster [22].

Table 4.6 indicates the results of performance measures comprehensively.
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Table 4.6 The performance measures of the NHL algorithm and the two-stage learning process (NHL+EGDA) [22]

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
NHL NHL+EGDA NHL NHL+EGDA NHL NHL+EGDA NHL NHL+EGDA NHL | NHL+EGDA
MSE* 0.0934 0.0098 0.1473 0.0202 0.1949 0.0484 0.1763 0.0277 0.113 | 0.0005
2
MAPE** 0.1568 0.0071 2.2869 0.1307 0.5356 0.0030 12.8865 1.7373 0.284 | 0.0137
2
Num. of | 1 1 3 1 3 2 2 2 2 0
Output
Concepts
Outside the
Range ***

*MSE is found using the values of all output concepts. ** MAPE is found using the value of the 6th concept (likelihood of smoking) [22]. *** Number of
concepts outside the range includes only demographic output concepts (residence, education level, and work status) [22].
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The relation matrixes found at the end of the FCM analyses with the multi-stage

learning procedure were presented in the equations 4.7, 4.8, 4.9, 4.10, and 4.11.

Table 4.7 The relations between concepts for cluster 1

Concept 1 Concept 2 Concept 3 Concept 4 Concept 5 Concept 6
Conceptl O 0 0 -0.8319 0.3451 -0.3521
Concept2 0 0 0.4295 -0.0594 -0.6924 -05746
Concept3 0 0 0 0.1571 -0.8270 -0.2379
Concept4 0 0 -0.3544 0 -0.9898 0.0510
Concept5 0 0 0.4911 0.2927 0 0.5464
Concept6 O 0 0 0 0 0

Table 4.8 The relations between concepts for cluster 2

Concept 1 Concept 2 Concept 3 Concept 4 Concept 5 Concept 6
Conceptl O 0 0 -09114 -0.7777 -0.8567
Concept2 O 0 0.1069 0.2158 0.2953 0.1743
Concept3 0 0 0 -0.5898 0.0289 -0.8987
Concept4 0 0 -0.2540 0 0.8974 0.5139
Concept5 0 0 -0.6632 -0.9262 0 -0.8793
Concept6 0 0 0 0 0 0

Table 4.9 The relations between concepts for cluster 3

Conceptl  Concept2  Concept3  Concept4  Concept5  Concept 6
Conceptl O 0 0 -0.1350 0.6344 -0.0330
Concept2 0 0 -0.7742 -0.6663 -0.7879 -0.9094
Concept3 0 0 0 -0.3067 -0.5988 0.4232
Concept4 0 0 0.2432 0 -0.9747 -0.1453
Concept5 0 0 -0.9755 0.4726 0 -0.7814
Concept6 0 0 0 0 0 0
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Table 4.10 The relations between concepts for cluster 4

Concept 1 Concept 2 Concept 3 Concept 4 Concept 5 Concept 6

Conceptl O 0 0 -0.2228 0.1353 -0.4650
Concept2 0 0 0.8238 -0.6189 -0.2259 -0.6001
Concept3 0 0 0 -0.1004 -0.3457 -0.9203
Concept4 0 0 0.0441 0 -0.4654 -0.8669
Concept5 0 0 0.7572 -0.2625 0 -0.5864
Concept6 0 0 0 0 0 0

Table 4.11 The relations between concepts for cluster 5

Concept 1 Concept 2 Concept 3 Concept 4 Concept 5 Concept 6

Conceptl O 0 0 -0.8745 -0.7212 -05419
Concept2 0 0 0.3709 -05871 -0.9484 -0.8967
Concept3 0 0 0 -0.8919 -0.9873 0.2734
Concept4 0 0 0.2223 0 0.4634 0.8157
Concept5 0 0 0.3770 -0.9223 0 -0.7144
Concept6 0 0 0 0 0 0

4.6 Discussions

The major aim of the performed FCM analyses is to examine the relations between
the demographic factors and likelihood of tobacco use for Turkey. A multi-stage
learning procedure is implemented to increase the accuracy and the robustness of the
analyses. In order to compare the performances of one-stage learning with the NHL
algorithm and two stage learning with the NHL algorithm and EGDA, the MSE, the
MAPE, and the number of concepts that takes value in the desired ranges are

calculated for each stages and the results was presented in the Table 4.6.

When the MSE and the MAPE values are examined in detail, it can be seen that two-
stage learning procedure reaches better outputs for all clusters. The implemented
two-stage learning procedure decreases the MAPE and the MSE values significantly
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and provides the appropriate weight matrixes for the clusters when compared to one

stage learning procedure with only the NHL algorithm [22].

The number of concepts outside the pre-determined bounds and the MAPE values
are most important performance measure for the analyses because they can help to
interpret the results of the analyses. The major reason behind this is that the MAPE
basically represents the percentage deviation between real and predicted values of
likelihood of tobacco use while the number of concepts outside the pre-determined
bounds shows the number of concepts that cannot be found into the desired region
[22].

The calculated MAPE values as the result of FCM with two-stage learning procedure
are below % 1 for cluster 1 and 3. They are around as %0.71 for cluster 1, % 0.3 for
cluster 3, and % 1.37 for cluster 5. However, the MAPE results are really high for
cluster 2 and 4. They are found as %13.07 for cluster 2 and %173 for cluster 4. The
results of MAPE indicates that the multi-stage learning procedure can predict the
likelihood of tobacco use more accurate for the clusters where the real values of this
concept are high [22]. If the real value of the likelihood of tobacco use concept is
really low (such as cluster 4 with %4.76), the procedure can fail to find a proper
relation matrix according to predicted MAPE values [22]. The main reason behind
this problem can be that demographic factors may not be the major factors to
represent the current status of likelihood of tobacco use for these clusters [22]. In this
case, other factors can also be adapted to the analysis to increase prediction accuracy
[22].

The second crucial performance measure is the number of concepts outside the pre-
defined bounds. The results of the analyses indicate that the multi-stage learning
based FCM found all concepts in the pre-defined bounds for cluster 5. When
compared with the one-stage learning procedure, multi-stage learning procedure
provides better results for most clusters. Although the performance of the multi-
stage learning process is better than the one stage learning, it is still not enough to
assign all demographic factors to desired regions for all clusters [22]. There are still
several weaknesses of the implemented procedure to imitate the real life but it is

important to remind that working with the heuristics may not provide the optimum
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all the time. Finding results better enough to represent the studied system is also an

important contribution for improving our understanding for the systems.

One of the most important purposes of the presented analyses is to reveal the
relations between the demographic characteristics and the likelihood of tobacco use.
The final maps for each cluster are found at the end of the FCM analyses as seen in
Figure 4.2. Besides, the relation matrixes of each cluster are also obtained. The
relations obtained for cluster 4 are not considered due to the low performance.

In the analyses, the concept 1 shows the gender factor. Each cluster is represented a
different gender in order to understand the effect of gender on tobacco use [22]. The
clusters 1, 3 and 5 consist of males while 2 and 4 clusters are females. The outputs of
the analyses indicate that gender have negative causality for all clusters. However,
the value of the negative causality is really strong for female (cluster 2, -0.8567)
while it is really weak for males (cluster 3, -0.0330) [22]. The magnitudes of the
relationships show that the gender of cluster 2 have a considerable negative impact
on the likelihood of tobacco use [22]. Similar to the results of this study, Kilic and
Ozturk [77] analyzed the relation between different factors such as gender and
tobacco use using Negative Binomial and Zero-inflated Negative Binomial models.
Their findings also indicated that factors affecting tobacco use behaviors of males
and females are different [22]. That means they analyzed the effect of gender types

and their approach also supported the study design our analyses [22].

The second concept of the study is age group. The findings show that the age group
of individuals has negative effect on likelihood of tobacco use people who belong to
male originated clusters 1,3 and 5 (males) while it has positive impact for cluster 2
(females) [22]. The clusters 1, 3 and 5 are males whose age groups are 25-44, 45-64,
and 45-64 respectively while cluster 2 includes females. There is really high negative
causality between 45-64 age group males and likelihood of tobacco use. The negative
causality indicates that males aged between 45 to 64 years are less likely to smoke
compared to males aged 25 to 44 [22]. On the other hand, the age group shows the
positive causality with likelihood of tobacco use. In the literature, there are two
important studies that examined the similar relations. Kilic and Ozturk [77] and ilhan
et al.[78] found that individuals aged over 25 are more likely to participate tobacco

use. Their results also indicate similar patterns with the findings of FCMs.
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The third concept to examine the relationship with tobacco use is residence type. The
relation between residence concept and likelihood of tobacco use shows positive
causality for the clusters 3 (urban) and 5 (rural) while it is negative for the clusters 1
(rural) and 2 (urban) [22]. The magnitude of the relation is the highest effect (-
0.8987) for the cluster 2. According to the study of Kilic and Ozturk [77], females
living in urban areas are more likely to smoke when compared to females living in
rural areas. In the presented analyses, the cluster relevant to the females living in
rural areas is eliminated. That's why; it cannot be compared. However, females living
in urban areas show negative causality with tobacco use. The main reason behind the
difference between two studies may be the variations at the implemented
methodologies. FCM considers the direct and indirect all relations in order to find a
model [22]. Studying with different populations may cause different results for

studies.

The fourth concept of the analyses is education level. Apart from the cluster 1, other
clusters have the same education level as elementary school. Although they have the
same education level, this concept shows various results for each cluster [22]. At that
point examining other concepts (factors) and the entire relations in the obtained maps

are really vital to understand the relations [22].

The final demographic concept is work status. The relations between the work status
and likelihood of tobacco use concepts indicates negative causality apart from cluster
1 [22] where the work status is paid employee. The outputs provide an interesting
result which indicate that people who are paid workers tended to use tobacco because
there is a strong positive relation between these two concepts [22]. On the other
hand, the negative causality is observed for other concepts. People who are home
makers and non paid family workers (people who do not earn money) are less likely
to smoke compared people who make money. The main reason behind the negative
causality can be economical independency [22].

Consequently, different demographic factors represent different causality with
likelihood of tobacco use. The difference at the casual relations proves that means
the implemented algorithms are able to represent the diversification of the clusters
with the maps which they are provided at the end of the analyses [22]. Therefore,

exploring the relations of each factor within the relevant cluster can be accepted as
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one of the important contribution of this thesis. Besides, the implemented multi-stage
learning procedure provides significant advantageous such as eliminating the

dependency to expert knowledge, increasing accuracy and robustness.

4.7 Concluding Remarks

The major objective of the presented thesis is to build a hybrid model integrating
with AB modeling and FCM in order to examine tobacco use behaviors of people.
FCM is used to represent the mental models of the people while AB modeling is
imitating the real life system. The mental models of the agents are created using
several factors such as demographic characteristics. However, in order to understand
whether FCM is capable represent the relations between demographic characteristics
and likelihood of tobacco us, simple prototype analyses are performed before
designing the hybrid model. The FCMs are created using a multi-stage learning
based procedure that combines the well known NHL algorithm and the EGDA. The
results of the analyses are compared with the one stage learning with the NHL to

observe the advantageous of the multi-stage learning procedure provided.

This chapter summarizes the details of the FCM analyses. The findings reveal that
the implemented multi-stage learning procedure provides a better performance to
represent the relations between demographic factors and likelihood of tobacco use. It
also helps to eliminate the dependency to the expert knowledge and increases the

accuracy when compared to the one stage-learning procedure.
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CHAPTER YV

THE HYBRID AGENT BASED MODEL INTEGRTATED WITH A MULTI-
STAGE LEARNING BASED FUZZY COGNITIVE MAP FOR
UNDERSTANDING TOBACCO USE OF TURKEY

5.1 Introduction

Social systems mostly consist of individuals that interact with each other and other
fundamental elements of the system structure. Studying with social systems can be
challenging processes for researchers most of the time because the difference at the
characteristics of each member, their social networks, the level of interactions with
others and the results of these interactions can increase the complexity and make it
difficult to analyze the systems comprehensively. Tobacco use and control can be an
example for such systems since it is accepted as a complex and adaptive system
involving behavioral, biological, and environmental influences [66]. It consists of
various factors such as, many individuals, characteristics and social network of the

individuals, tobacco control policies and etc.

Examining the complex systems and overcoming the difficulties that arises from
facing with complexity requires advanced techniques and skills. Simulation
modeling is one of the important ways to imitate real life systems. In the literature,
various applications of simulation modeling on tobacco use can be found. System
Dynamics (SD) and Agent Based (AB) modeling have been implemented separately
to understand tobacco use behaviors of people in different studies. Among them, the
SimSmoke [79] was one of the well known SD model that was made for examining
the effects of different tobacco control policies. It was implemented many countries
such as Brazil [80], Sweden[81], Finland [82], Germany[83], Korea [84], China [85]
and etc. to investigate the performance of their tobacco control policies. SimSmoke
models use the potential benefits of implementing a holistic approach. They are for

analyzing the effects of public policies on the societies with the help of
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SD modeling. To our best knowledge, although SimSmoke models have been
provided significant findings to the modelers, these models could not examine the
effect of individual level behaviors, the characteristic and networks of individuals.
On the other hand, AB models could overcome these problems with the help of
individualistic approach. However, the existing models require the large amount of

data. If there is not enough data, there could be important calibration problems.

In this case, combining the benefits of holistic and individualistic approaches into a
model to understand tobacco use behaviors of people can be a wise solution to avoid
the problems that arises from the single use of the approaches. With this objective in
mind, SD and AB models can be integrated. However, both modeling techniques
require important amount data, to perform an expansive analysis. At that point, it is
crucial to find a method that can be integrated with AB modeling, help to imitate the
perspective of individuals based on an uncertain context, and work with scarce data.
When the literature is reviewed, it can be seen that Fuzzy Cognitive Map (FCM) is
one of the most appropriate technique that can perform under such cases. In addition,
FCM is more intuitive and required neither modeling expertise nor hard data
compared to other aggregate approaches such as SD [30].

Therefore, a hybrid agent based model integrated with a multi-stage learning based
FCM is proposed in this thesis. The hybridization of both methodologies can help to
utilize their individual benefits into the same model. This model is established for

understanding the tobacco use behaviors of individuals in Turkey.

Tobacco use is one of the most important public health issues of Turkey similar to
other countries. Although Turkey has made remarkable efforts to fight against the
prevalent use of tobacco, the percentage of current tobacco user is still high in
Turkey. Thus, it can be expected that the findings of this thesis could increase the
understandings on the tobacco use behaviors of Turkish people and be a pioneering
example to researchers to implement more advanced modeling techniques and help

to understand tobacco use system comprehensively.
5.2 The Framework for the Hybrid Model

The proposed hybrid model is an integrated version of AB modeling and FCMs. AB

modeling is used to reflect the individualistic perspective of the system. It means that
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AB modeling imitated: a) the individual characteristic of agents (gender, age,
residence, education level, work status), b) tobacco use behaviors of agents (never
smokers, current smokers, former smokers), and c) social network effect. On the
other hand, the multi stage learning based FCM that is presented in the previous
chapter is used to reflect intuitive perspectives of individuals. FCMs basically
presented mental models (brain activities) of individuals and b) work as a decision
support mechanism for deciding to change their current tobacco use status.
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Figure 5.1 The components of the hybrid model.

_/

The proposed hybrid model is built by using AnyLogic 7 University (version 7.0 0)
Simulation Modeling software. In order to build the proposed model:

e Fundamental components of and AB model is determined such as agents,
model time, variables, parameters, and etc.

e Subsequently, different states of agents to represent the types of tobacco use
behaviors are identified.

e The rules to change agents' states are designed.

e Asocial network is assigned.

e Agents are grouped according to clustering analysis.

e The multi-stage learning based FCM is embedded to the agents.
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5.3 The Description of the Hybrid Model

In this section, the details about the model building process are presented

comprehensively.

5.3.1 The Main Data Sources

Tobacco use is a complex system which consists of many different factors that make
it difficult to difficult to analyze the system with all aspects. In order to understand
the system entirely, various factors is required to be take into account such as
demographic factors, psychological factors, environmental factors, economical
factors and etc. However, including all tobacco use relevant factors to the model and
providing all necessary data for this aim are too difficult. For that reason, modelers
generally struggle to improve their understanding on the topic using scarce data by

implementing appropriate techniques.

Finding reliable data is other crucial step of a modeling process. In order to imitate a
real-life system, gathering the required information from robust data sources can
increase the imitation performance of the model. In this thesis, Global Adult Tobacco
Surveys (GATSs) are used as a major data source for the presented hybrid model.
GATS is known as a national household survey that helps countries to gather
information about tobacco use and tobacco control measures [68]. It provides
specific information belongs to participants such as socio-demographic
characteristics, their tobacco use status, their tobacco use history, awareness about
tobacco control policies. It has been implemented by several different countries.
Turkey is one of these countries that applied the survey three times until now: 2008,
2012, and 2016.

The model is initialized using the information of GATS Turkey 2008 data because
the year 2008 is the first year that the survey was performed for Turkey. The tobacco
use system of Turkey is modeled as in that year to imitate the population as close as
the real life. After that, the GATS Turkey 2012 and 2016 data are used to train in the
FCM analyses.

Thus, this thesis considers 2008 as the base year. Subsequently, the model is
modified to reflect the real-world using the data of GATS Turkey, Turkey Health
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Surveys, Turkey Tobacco Control Strategy Document and Action Plan, and Turkish
Statistical Institute (TUIK).

5.3.2 Model Time

The time unit of the proposed hybrid model is determined as one year. The main
reason behind this is that data about population growth are collected on yearly basis.
Most of the selected data sources collect the data within several years. The model is
simulated from 2008 to 2030. The model is calibrated using the tobacco use data
from 2008 to 2016 to reflect the real-world system. Subsequently, the predictions are
performed from 2016 to 2030 to observe how tobacco use behaviors of people could

change.

5.3.3 Agent

Agents are the fundamental object of an AB model. The type of an agent can vary
according to the problem type. For example, it can be money for a bank system or it
can be an automobile for a traffic system. In this thesis, agents represent people. The

collection of agents forms the Turkish population.

As stated previously, the year 2008 is the base year for this model. Thus, initially the
population of Turkey in 2008 is reflected using agents. The population of Turkey
was 71 517 100 in 2008 according TUIK Population by Years Statistics.

A small version of Turkish population is created using a total of 7151 agents in order
to represent the population. In this study, we did not model all individuals of Turkish

population. We consider human agent that are representative for Turkish society.
5.3.3.1 Births & Deaths

An open population model that can change due to several different factors such as
births and deaths is prepared for the analyses. The population size changes according

to the deaths and births with years.

In order to change the number of population with deaths, 2009-2018 age specific
death rates provided by TUIK is used. This data consists of age ranges: 0-4,5-9, 10-
14, 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-
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74, 75+. The average of ten years for each age range is calculated and embedded to

the model.

The population size changes by considering the crude birth rate provided by the
Basic Fertility Indicators, 2001-2018 by TUIK.

5.3.3.2 Agents' Properties

The main objective of this thesis is to examine the difference of tobacco use
behaviors of people by considering their demographic characteristics. For this aim,
various demographic characteristics are assigned to the each agent. Initially, the
characteristics provided by the GATSs are assigned to the agents of the model. These

are presented below:

e Gender: Each agent has a specific gender that could be male or female.

e Age/Age Group: Agents has an age. In addition to this, the ages also are
grouped as 15-24, 25-44, 45-64, 65+ as represented at GATSs. This age range
group representation is also used by the World Health Organization. Thus,
the findings of the thesis can be discussed using these age ranges.

e Residence: Each agent has a specific residence: urban or rural.

e Education Level: The latest education levels that agents completed are
categorized as primary educated, secondary educated, high school educated,
and university or higher educated.

e Work Status: The current work statuses of agents are represented as: paid
employee, self employed, non-paid family worker, student, homemaker,

retired, and no job.

5.3.3.3 Social Network

Interactions of agents with each other are an important factor that can affect the
behaviors of agents in a system. Social networks are the important ways to represent
the interactions between the agents. A social network is basically a graph where
agents are represented as vertices and existing relationships between two agents [86].
Several different network types can be determined for a system according to the
problems. In order to understand the network types, detailed analyses can be

necessary for social systems because many contact such as contact typeswithin
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household, family, peers and etc should be taken into account. However, it is really
difficult to form a specific network for the problems like tobacco use because many
networks can possibly affect the system. For that reason, a random social network is

used to analyze tobacco use behaviors of agents in this thesis.

The connection size is taken from the study of Mossong et al.[87]. They explored
the contact patterns for infectious diseases by conducting a population based
prospective survey. The patterns of eight different European countries were used in
that study. The findings indicated that contact characteristics seemed to be similar
across different European countries. They recorded a total of 97 904 contacts with a
mean of 13.4 per day for each person. Their findings were then used in the study of
Kassaie et al. [88] to calculate the contact numbers. Similar to these studies, the
connections between agents in the proposed model is assumed with a mean of 13.4

close contacts. We consider this daily value into a annual value.

5.3.3.4 Statecharts of an Agent

Statecharts are basically used for representing sophisticated behaviors. They are the
extended version of state diagrams and visual graphs that enables to define event and
time driven behavior of various objects (agents) [89]. They simply consist of states
and transitions. States represent the type of behaviors while transitions are used to

reflect the rules for transportation from one state to another.

In this thesis, the states of an agent are represented using five different statecharts.
The first statechart is "Tobacco Use StateChart" that presents the tobacco use

behaviors of an agent. This statechart has 4 different states as seen in Figure 5.2:

e Entire population: This thesis focuses on examining the tobacco use
behaviors of adult population of Turkey. For that reason, people who aged
fewer than 15 cannot be placed in a state that was relevant to a specific
tobacco use behaviors. Thus, people who aged less than 15 are collected in
this state. When their age became to 15, they are transported to one of other
three states according to their tobacco use status.

e Never smokers (NS): Agents who never smoke or who smoked less than 100

cigarettes in his/her life [90].
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e Current smokers (CS): Agents who smoke 100 cigarettes in his/her life and
currently smokes cigarettes [90].
e Former smokers (FS): Agents who smoked at least 100 cigarettes in his/her

life but who had quit smoking at the time of the survey [90].

T TobaccoUseStateChart
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Figure 5.2 The tobacco use statechart of the hyrbid model.

The adult agents of the model can stay in the same state during the simulation or
move from one to another at each time step with the help of transitions. When the
model is initiated, there is no agent at any state of the tobacco use statechart. In order
to reflect the tobacco use of Turkey for 2008, the initial transitions to CS, NS, and FS
are used and the adult population is distributed to the states according to their
tobacco use behaviors. After initiation, an agent can change its current state with the
help of three different transitions. Transition between NS to CS, CS to FS, and FS to
CS are called as “initiation", "cessation”, and "relapse” respectively. Transitions
between states are triggered by specific conditions. The conditions are determined
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using "likelihood of tobacco use of agent”, "number of year that agent smoke", "

number of years that agent quit”, "number of CS that agent have in his/her social
network".

The "likelihood of tobacco use of agent” is obtained as the result of the multi-stage
learning based FCM that is presented in the following section. "Number of year that
agent smoke or quit" is calculated during the simulation considering the status
changes of agents. For example; if an agent moves from CS to FS, the number of
years that his/her quit is started to be calculated. Initiation age distribution is taken
fromthe GATSs of Turkey initially.

At each step, current smokers send a message to all related agents. These messages
are used to calculate the number of CS agents in the social network of each agent.
This thesis assumes that if the number of CS increases in the network, the potential
of initiation to tobacco use also increases. That's why; the rate of the number of CS
in the network is also included to the transition conditions in order to reflect the

social network effect.
Transition conditions are changed for each type of transitions and are as below.

e Initiation: Initiation can be triggered according to the initiation condition that

is given below was greater than initiation threshold value.

(likelihood of tobacco use) + (rate of the number of CS in his/her social network)> initiation
threshold value

e (Cessation: Cessation can be triggered according to the cessation condition

that is given below was greater than cessation threshold value.

(2-likelihood of tobacco use) - (number of years that agent smoked/current age of agent) -

(rate of the number of CS in his/her social network)> cessation threshold value

e Relapse: Relapse can be triggered according to the relapse condition that is

given below was greater than relapse threshold value.

(likelihood of tobacco use) - (number of years that agent quitted/current age of agent) + (rate

of the number of CS in his/her social network)> relapse threshold value
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Figure 5.3 The education level statechart of the hyrbid model.

The second statechart of the agents is education level statechart as seen in Figure 5.3.
Education level is previously assigned to the agents as a demographic characteristic
using the data of the year 2008. However, the education level of an agent can change
within the years. Thus, it is assumed that each agent must improve its education level

according to the twelve years compulsory education:

e Agents whose ages are equal to 11 are moved to primary education graduates.

e Agents whose ages are equal to 14 are moved to secondary school graduates.

e Agents whose ages are equal to 17 are moved to high school graduates.

e Agents among the high school graduates can move to university or higher
education graduates according to a specific rate that is generated using the
percentages of people who started to universities according to TUIK

statistics.
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The birth and mortality statecharts are used to monitor the fertility and mortality of
an agent while aging statechart is used to update the current age of an agent each

time step.

5.3.4 Tobacco Control Policies

Tobacco use is among the deathliest public health issues in the world. The
importance of the problem leads countries to take significant precautions in order to
decrease the prevalent use of tobacco. The WHO proposed a set of measures for
tobacco control to help countries. These measures are called as MPOWER and
represents: monitor tobacco use, protect people from tobacco smoke, offer help to
quit, warn about the dangers of tobacco, enforce bans on tobacco advertising,

promotion, and sponsorship, and raise taxes on tobacco.

Turkey is one of the pioneering countries that implements tobacco control policies
resolutely. In order to imitate tobacco use system realistically, the implemented
tobacco control policies must be considered. For this aim, the effects of five
important tobacco control policies are reflected with the proposed model. These

tobacco control measures are listed below:

e Anti-tobacco information: Turkey has been used anti-tobacco information to
explain the damages of tobacco use to people. This measure is already existed
in 2008. Thus, when the model is initiated, people who notice and did not
notice the anti-tobacco information are assigned with the help of the GATS
Turkey 2008 data.

e Health warnings on packages: Turkey presents a regulation for the content of
the cigarette packages. According to the regulation, the packages of the
cigarettes need a warning about the damages such as "Smoking Kills" and
etc. This regulation is already existed in 2008. Therefore, when the model is
initiated, people who notice and did not notice the health warnings on
packages are assigned with the help of the GATS Turkey 2008 data.

e Taxation: Turkey applies significant taxation policy for tobacco in order to
control tobacco use. The total tax burden was around %73.25 at 2008 and it
was reached over %80 at 2017. The tax on tobacco is increased steadily by

the years.
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e Pictorial warnings on packages: Turkey updated the regulation about the
content of the content of the cigarette packages in 2010. According to the
regulation, the packages of the cigarettes need a pictorial warning about the
damages of tobacco use. This regulation is not in use when the model was
initiated. Thus, it is assigned to the model when the model time was 2010.

e Plain package: Turkey modified the packages of cigarettes entirely. All
packages need to have same unique shape and structure to prevent the interest
of people to conspicuous packages. This regulation is the newest tobacco
control measure of Turkey. It was started in 2019. Therefore, there is no
available information about the effects of this regulation. In this thesis, the
possible effects of plain package regulation are searched with the scenario

analysis that is explained in the relevant section.

Different from the mentioned tobacco control policies, information about people who
noticed tobacco advertisements, sponsorships, and promotions is given by the survey.
Therefore, notice of tobacco advertisements is also embedded to the model as a
factor.

5.3.5 Mental model of Agents

The proposed hybrid model is built with the integration of AB modeling and FCM.
In the model, AB modeling is used represent to the tobacco use behaviors of agents.
On the other hand, FCM is used to represent the brain activities of agents. The FCM
is an illustrative representation of a complex system that can analyze the casual
relationships among the important factors in order to model system behavior. Thus,
FCM is used to examine the effects of casual relations of different characteristics of

agents and tobacco control policies on likelihood of tobacco use of an agent.

As mentioned in the statecharts sub-section, agents transite from one state to another
with a specific condition. In order to trigger the transitions, the likelihood of tobacco
use of agents is one of the important measures that must be calculated. Thus, the
multi-stage learning procedure is utilized to calculate the likelihood of tobacco use of
agents using casual relations among critical factors. It means that FCM provides the

information about likelihood of tobacco use of agent (that was used at the transition
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of tobacco use statechart) considering the casual relations among crucial factors that

can affect tobacco use behavior of an agent.

For this aim, a multi-stage learning based FCM procedure that is studied by Kocabey
Ciftgi and Unutmaz Durmusoglu [22] is embedded into the AB model. The multi-
stage learning procedure is used to increase the accuracy of the output relations.
Most of the FCMs are initiated with expert knowledge. Since expert knowledge can
cause subjectivity, the robustness of the maps can decrease. In order to prevent this
problem, two different learning algorithms: non-linear hebbian learning algorithm
(NHL) and extended great deluge algorithm (EGDA) are combined. The analyses are
started with a random initial map instead of using a complete expert knowledge. The
output weight matrix of the NHL is used as the input of the EGDA. A simple

example of the implementation procedure is given in the previous chapter.

In the hybrid model, the factors (concepts) of the multi-stage learning based FCM
analyses basically consist of demographic characteristics of agents, tobacco control
policies and likelihood of tobacco use of agents. A total of 11 concepts are taken into

account. These concepts are as listed below.

e Gender (C1)

e Age group (C2)

e Residence (C3)

e Education level (C4)

e Work status (C5)

¢ Notice of anti-tobacco advertisements (C6)
e Notice of health warnings (C7)

e Notice of tobacco advertisement (C8)

e Taxation level (C9)

e Notice of pictorial warning (C10),

e Likelihood of tobacco use of agent (C11).

The gender and age group concepts are constant concepts that cannot change their
value as in the previous chapter. On the other hand, others are included to calculate
fitness function with the two-stage learning.
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5.3.5.1 Initiation of FCM Analyses

The FCM part of the thesis is initiated with clustering of the agents. Agents are
clustered using their demographic characteristics and their notice status to tobacco
control policies. The clustering of the agent is an important step because FCM
analyses are performed to calculate the likelihood of tobacco use of agents. For this
aim, the Mean Absolute Percentage Error (MAPE) value is calculated at the end of
each FCM iteration. If the FCM analyses are performed for each agent instead of
clusters, it is most impossible to find a real likelihood of tobacco use value to
calculate the MAPE value. Thus, the robustness of the analyses can directly reduce.
In addition to this, performing thousands of iterations for each agent at each
simulation run can increase the complexity, cause memory problems and be time
consuming. In order to avoid all these problems, agents are clustered according to

their similarities.

Therefore, a clustering analysis using K-means clustering is made with the data
provided by GATS 2008 Turkey. Although the GATS Turkey 2008 presents
information for the first eight concepts, only eight concepts are included to the
clustering analysis. A total of 8827 cases are used for the clustering analysis. The

detailed information for the clustering analysis is given in the previous chapter.

Table 5.1 The members of clusters.

Factor Gender  Age Residen.  Edu. Work Notice  Notice  Notice

Range Level Status of of of
Anti- Health  Tobac.

Clusters Tobac. Warn. Ad.

Ad.

Cluster1 Male 45-64  Rural Primary  Self Noticed Noticed Did not
Edu. employed notice
Cluster2 Male 25-44  Urban Primary Paid Noticed Noticed Did not
Edu. employee notice

Cluster 3 Female 25-44  Urban Primary Home Noticed Noticed Did not

Edu. maker notice
Cluster4 Female 45-64  Rural Not Home Noticed Did not Did not
Grad. maker notice notice
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A database that includes the clusters of each agent is created at the end of the
clustering analysis. The information of the clusters is represented at Table 5.1.
During the simulation, the clusters of each agent is checked and if there is a change,
the agent is re-assigned to the new cluster according to the created database at each

time unit.

The analyses start with the use of random initial matrix for each cluster. The ranges
of the relations between the concepts that are represented in Table 5.2 are obtained

from expert without details about the directions and the strengths.

Table 5.2 The direction of the relations between the concepts.

Cl C2 cC3 C4 C5 C6 Cc7 C8 C9 C10 C11

C1 0 0 0 [-1,+1]  [-1+1] [1+1] [-1+1] [-1+1] [-1,+1] [-1,+41] [-1,+1]
C2 0 0 [1+] [1+1] [1+1] [1+1] [1+] [L+] [L+] [L+] [-1+]1]
C3 0 0 0 [-1,+1] [-1,+#1] [-1,+1] [-1,+1] [-1,+1] [-1,+1] [-1,+1] [-1,+1]
c4 0 0 [[1+1] O [-1+1]  [-1+1]  [-1+1] [-4+1] [-1,+1] [-1+1] [-1,+1]
C5 0 0 [[1+1] [-1+1] O [-1+1] [-1+1] [-1,+1] [-1+41] [-1+1] [-1+1]
C6 0 0 0 0 0 0 0 0 0 0 [-1,+1]
c7 0 0 0 0 0 0 0 0 0 0 [-1,+1]
c8 0 0 0 0 0 0 0 0 0 0 [-1,+1]
c9 0 0 0 0 0 0 0 0 0 0 [-1,+1]
C10 0 0 0 0 0 0 0 0 0 0 [-1,+1]
Ci11 0 0 0 0 0 0 0 0 0 0 0

5.3.5.2 FCM Analyses with Two-Stage Learning Procedure

After clustering the agents and determining the ranges of the relations, the FCM
analyses are started. Firstly, the cluster of agents are checked and assigned at each
model time unit. After identifying the cluster of agent, the FCM analyses are started
with the first stage-learning with the NHL algorithm. The Mean Squared Error
(MSE) is tried to be minimized at each iteration and the best weight matrix of the
first stage is used as initial relation matrix of the second stage learning with the
EGDA. Similar to the first stage, the MSE is calculated each iteration to minimize
the value of it. Besides the MSE, the MAPE value is calculated only for the
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likelihood of tobacco use concept at the end of the two-stage learning procedure. If
the value of MAPE is higher than %10, the second stage was repeated to increase the

accuracy.

At each model time unit, all these steps from clustering to calculation of the MAPE
are repeated. The main reason behind this is that the factors that defines the agents'
behaviors such as age group, education level, notice of tobacco control policies and
etc could change at every time unit. If one of them changes, the cluster of the agent
and the real likelihood of tobacco use of the agent may also be changed. Thus, it is

required to re-assign the agent to the relevant cluster.

The real likelihood of tobacco use of each cluster is found using the data of GATS
Turkey 2008, 2012, and 2016. While calculating the MSEs and MAPEs, the
likelihood of tobacco use of the each cluster is considered according to the relevant
years. The learning algorithms are validated with the data of GATS Turkey 2008,
2012, and 2016. The values of the years between these year ranges are extrapolated.

After 2016, the learning procedures are omitted because there is not any data for
calculating the real value of the likelihood of tobacco use after that year. For that
reason, the FCM analyses are applied as follows: firstly updating the clusters of each
agent, subsequently updating the concept values using the best weight matrixes

provided at the end of the year 2016.

5.3.6 Assumptions of the Hybrid Model

Modeling with AB provides significant advantages to increase our understandings on
tobacco use and control research field significantly. These advantageous were
explained before in previous sections in detail. The most important one is to allow
imitating heterogeneity of a complex system. Instead of representing a system as a
whole, it helps to analyze all critical objects and their potential effects on the system.
Although it is an important gain for this thesis, it must be stated that AB modeling
can be difficult in some times due to several reasons. Firstly, it requires modeling
expertise to sort out the system, determine the critical objects and reflect the system
into a virtual world. However, modelers can improve their skills to eliminate this
difficulty.
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The other difficulty is the data requirement. AB models can need large number of

data to reflect the heterogeneity of the real-world system more realistically. Finding

all required data can be impossible all the time. In this case, modelers can use

assumptions to perform their studies.

In this thesis, various assumptions are used to build the proposed hybrid model.

These assumptions are listed as follows:

Assumption 1. The main objective of the presented thesis is to examine the
tobacco use behaviors of adult population of Turkey. The adult population is
categorized by the WHO as "people who aged 15 and over". Therefore,
although people who are younger than 15 are included to the calculations of
population growth, they are not included to the tobacco use statechart.
However, when people are 15 years old, the adult population number is
updated and they are transported to the tobacco use statechart.

Assumption 2: Agents in the model have different demographic
characteristics such as gender, age, residence, education level, and work
status. Among these characteristics while age and education level of the gents
are updated at each model time unit, residence and work status of them are
constant. The main reason behind this is the lack of data about the change of
residences of people and the work status.

Assumption 3: The education levels of agents are updated each year as
mentioned in assumption 2. The initial education levels of the agents are
assigned using the data of Population by Attained Education Level and Sex,
2008-2018 of TUIK. Although, a detailed database about the changes at
education level of each individual during years is not available, the education
levels of agents are changed using 12 years compulsory education rule. For
example; agent who graduated from primary school start to secondary
education or agents who graduated from secondary education start to high-
school. Transition from high school to university or higher education is
performed with a specific rate. The average number of agents went to
university or higher education is calculated from the same data of Population
by Attained Education Level and Sex, 2008-2018 of TUIK. An average of
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%”5.7 of agent who graduated from high school enter into the university or
higher education.

Assumption 4: The proposed model aims simulating the population of Turkey
as an open population. For this purpose, the births and deaths of the
population are reflected to the model using the crude birth rates and age-
specific death rates of TUIK. However, the population of countries can also
vary with the migrations. In this thesis, the migration cannot be considered in
the model due to data availability.

Assumption 5: In the proposed model, a social network is also determined to
represent the communication structure between the agents. Determining a
specific network for this kind of complex and dynamics problem is really
difficult because there are so many relation types in the network such as
family, peer, work, and etc. It requires a detailed study to scheme a network
structure. For that reason, a random social network is employed in this thesis.
Assumption 6: Agents can communicate within the pre-defined network
structure. The number of connection is taken from the study of Mossong et al.
[87]. They examined the number of contacts between people while examining
an infectious disease for eight different European countries. They found 97
904 contacts with different people with a mean of 13.4 contacts per person on
daily basis. Although Turkey was not a part of their study, the similar patterns
of different countries became an inspiration to use their results for the
population Turkey, too. Average daily contact stated by them is used as the
average connection number of agents in this thesis. We assume that an
average of 13.4 connections can help to represent close social network of
each agent.

Assumption 7: Transition from one state to another is triggered with the
combination of several different factors. One of the important of them is the
number of current smoker (CS) in the network of an agent. Thus, agents who
are current smokers send messages as "Smoking is good!" to all connected
agents in their own social networks. The agents can have or cannot have CSs
in their social network. However, it is assumed if an agent takes message, its
initiation potential to tobacco use increases. Thus, when the numbers of CSs

in the network increases, the initiation or relapse potential of the agents are
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also increased. This assumption is used to imitate the adverse effects of CSs
on tobacco use behaviors of agents.

e Assumption 8: The numbers of years that an agent smoked or quitted can be
accepted as important criteria. Thus, if the number years of an agent smoked
increases, the potential to cessation can decrease and if the number years that
an agent quit smoking increases, the likelihood of relapse of that agent can

decrease.

5.3.7 Calibration of the Hybrid Model

The proposed hybrid model is built to examine the changes at tobacco use behaviors
of Turkish people. For that reason, it is important determine a base year that the
model is initiated. It is required to have large amount of data for the base year and
the years following the base year. Although Turkey has remarkable efforts to fight
against tobacco use, it is really difficult to find the individualistic data for tobacco
use in Turkey before 2008. The acceptance of the Framework Convention of
Tobacco Control (FCTC) was an important milestone for Turkey. Turkey started to
collect considerable amount of data on tobacco use and control systematically after
the treaty. The Global Adult Tobacco Surveys (GATSs) and the Global Youth
Tobacco Surveys (GYTSs) have been important data sources for Turkey due to their

rich contents on tobacco use and control.

In this thesis, the first year 2008 that the GATS Turkey was implemented is accepted
as the base year. Thus, the model is initiated with the data of 2008 and represents the
tobacco use status of Turkey for that year. In the years 2012 and 2016, the GATSs
were repeated for Turkey. Thus, the GATSs Turkey 2008, 2012, 2016, Turkey
Health Surveys 2010, 2014, and 2018-2023 Turkey Tobacco Control Strategy
Document and Action Plan are the main data sources to observe tobacco use
prevalence of Turkey. The data gathered from these documents are used to calibrate

the proposed model.

In order to represent current tobacco use states of people and the changes at their
tobacco use behaviors, three different transitions are determined. They change with
initiation, cessation, and relapse. These transitions are triggered with the initiation,
cessation, and relapse threshold values. In order to obtain the threshold values, a

calibration analysis is performed using the data of tobacco use prevalence of
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different years. The calibration analysis is performed to minimize the difference
between the real and simulated numbers of NS, CS, and from 2008 to 2016. The
calibration analysis of the proposed model is performed with a smaller version of the
model using the calibration tool of the AnyLogic Simulation Modeling software in

order to eliminate memory problems.

When the prevalence of tobacco use is searched, it can be seen that the number of the
CS is increased at 2014 unexpectedly in the surveys. This case is not compatible with
the other years when compared to other years. Thus, the calibration analysis is re-
arranged by excluding the effects of this year. The model is calibrated using the data
from 2008 to 2014. The increase at the year 2014 is represented with the addition of
a new factor called as other factors. The calibrated threshold values are found at the

end of the analysis as 0.899 for initiation, 0.977 for cessation, and 0.92 for relapse.

5.3.8 Scenarios

Several different tobacco control policies have been implemented by Turkey over the
years. The proposed model includes some fundamental policies in order to evaluate
the effects of policies on tobacco use behaviors of people. When the simulation is
started, some of the policies have been in use in the Turkey such as taxation, anti-
tobacco advertisements, and health warnings. Pictorial warning was implemented in
2010 and is embedded to the model at the relevant year. Apart from these, the plain
package regulation was started at the end of 2019. The possible effects of the plain
package were not measured with a survey like the GATSs before for Turkey. Thus,
one of the important contributions of the presented thesis is to examine the potential
effects of plain package application using the hypothetical scenarios.

The world started to face with a new global treat on the dates the plain package
regulation came into force. A vital pandemic that was called as corona virus disease
2019 (COVID19) was first come out in China and then spread to all over the world.
Although all information about the disease is still not known, its adverse effects on
current smokers have been discussed severely. The WHO warned people and stated
that "Smokers are more likely to be more vulnerable to COVID19 due to the
contacting with the lips for smoking and the possible damage at their lungs because
of smoking." [91]. In addition, COVID-19 did not only affect the health but also

affected the psychology of people due to the curfew, social isolations, economic

75



problems and etc. On the other hand, the WHO also expresses that the COVID-19

pandemic has led millions of smokers saying they want to give up smoking [92].

In the light of the information given above, COVID19 can become an important
factor that cause changes at tobacco use behaviors of people and the relations

between COVID19 and tobacco use cannot be underesti mated.

In this thesis, the potential effects of COVID19 on tobacco use behaviors were
categorized in two classes:

e Itcould lead people to stop tobacco use due to the health consequences

e Itcould lead people to start tobacco use due to the psychological factors.

In order to examine the potential effects of newly implemented plain package
regulation and COVID19 pandemic, three different scenarios are set up. In these
scenarios, the threshold values that are calculated at the end of calibration analyses

are changed in order to allow tobacco use behavior change.

e Base Scenario: In this scenario, the tobacco use and control status of Turkey
before the plain package regulation and COVID19 pandemic is preserved. It
means that no effect is expected from these two different factors.

e Optimistic Scenario: In this scenario, the model is expected that the plain
package regulation and COVID19 pandemic lead people to quit tobacco use
Thus, these new factors can decrease the cessation threshold value by %25
while increasing the initiation and relapse threshold values by %?25.
Therefore, the prevalence of tobacco use can decrease.

e Pessimistic Scenario: In this scenario, the model is expected that the plain
package regulation and COVID19 pandemic cannot prevent tobacco use and
the widespread use of tobacco would increase. Thus, these factors can
increase the cessation threshold value by %25 while decreasing the initiation

and relapse threshold values by %25.

The scenarios are used to reveal agents from which groups are more likely to use
tobacco or more likely to quit tobacco. Thus, the findings help to observe more

vulnerable groups that the policy makers can be able to make them quit tobacco use
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and more resistant groups that the policy makers can generate new policies to

increase their understanding about the harms of tobacco use.

5.4 Results and Discussions

This thesis mainly proposes a hybrid AB model integrated with the multi stage
learning based FCM for understanding tobacco use behaviors of people. The model
firstly imitates the current tobacco users and control approaches of Turkey.
Subsequently, the model helps to reveal how different characteristics can change the

tobacco use behaviors of people under different scenarios.

The imitation performance of the proposed hybrid model is evaluated using the data
of GATSs Turkey 2008, 2012, and 2016 because it is really important to reflect the
real-world system to the model in the virtual world more realistically. Thus, the
outputs of the model for these years are used to test the model's imitation
performance. The model finds that the percentages of the prevalence of tobacco use
among adult population %30.79 for 2008, %29.80 for 2012, and %31.32 for 2016 as

seenin table 5.3.

The model also predicts that the % 14.8, % 15.35, and % 18.96 of females and
%47.53, %44.75, and 44.09% of males are current smokers at 2008, 2012, and 2016
respectively while the expected percentages are % 15.20, % 13.10, and % 19.20 of
females and % 47.90, % 41.50, and % 44.10 of males for the same years.

Table 5.3 The expected and predicted percentages of current smokers, former
smokers, and never smokers for 2008, 2012, and 2016

2008 2012 2016

Expected Predicted Expected Predicted Expected Predicted

Current 31.20 30.79 27.10 29.80 3160 31.32
Smokers (%)

Former 15.90 15.72 13.10 1461 13.60 13.25
Smokers (%)

Never 52.80 5348 59.80 55.58 5480 55.42
Smokers (%0)
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The model performs scenario analyses in order to observe the potential effects of two
important factors. One of them is the implementation of plain package regulation.
Turkey is one of the leading countries that take remarkable precautions to control the
prevalent usage of tobacco. Although the implementation of a new tobacco control
policy (plain package) may not be an uncertainty for Turkey, the timing of the policy
could change the effects of the policy because when the plain package regulation was
came into force, COVID19 pandemic came out in China. The adverse effects of
COVID19 on tobacco users have been searched. Therefore, the effects of COVID19
on the prevalence of tobacco use cannot be ignored. For that reason, three different
scenarios are made for analyzing the effects of plain package regulation and
COVID19 pandemic.
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Figure 5.4 The findings of the base, optimistic and pessimistic scenarios for a) never

smokers b) former smokers and c) current smokers by years.

The findings of the base, optimistic and pessimistic scenarios for the percentages of
current smokers, never smokers, and former smokers are given in Figure 5.4. If the

optimistic scenarios happen and the plain package regulation and COVID19 leads
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agents to quit tobacco use, the distribution of the current smokers in the population
can decrease to %17 at 2030. On contrary, if the pessimistic scenario happens and
people starts to tobacco use, the prevalence of tobacco use can increase to %63 at
2030.

It is important to point that the reduction and the increase at the percentages of
tobacco users at 2020 for optimistic scenario and pessimistic scenario respectively
are remarkable because the initial effects of both factors started to be observed in the
2020. Thus, the biggest effects of plain package and COVID19 were seen in 2020
and then these effects decreased through 2030.
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Figure 5.5 The findings of the base, optimistic and pessimistic scenarios for a)

males, b) females by years.

Different from the distribution of the current smokers, former smokers, and never
smokers, the hybrid model also allows examining the prevalence of tobacco use
among different agent groups. The change at the tobacco use behaviors of people can
be examined using their different demographic characteristics such as gender, age
group, residence, and work status and education level. Understanding the tobacco use
behaviors of different agent groups is a really vital process for modelers and policy
makers because the findings can represent the vulnerable and resistant groups to

tobacco control policies.

The first agent group that is examined in this thesis is males and females. The
findings of the scenarios for these agent groups are given in the Figure 5.5.

According to the results of the base scenario, if the current tobacco use status does
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not change, the distributions of current smokers among males and females are

expected to decrease.

On the other hand, the findings of the optimistic and pessimistic scenarios represent
interesting outputs. Males indicate similar outputs in the optimistic scenario with the
base scenario. It can be seen that there is almost no difference between base and
optimistic scenarios for male agent group. On the other hand, the results for females
represent that most of the female tobacco users tend to give up tobacco use in the

optimistic scenario and the percentage of female tobacco users is less than % 5.

In the pessimistic scenario, the outputs of the model indicate that the percentages of
current smokers among both gender groups increase. However, males are more likely
to start tobacco use when compared to females because the percentages of male

tobacco users are much more than female tobacco users.
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Figure 5.6 The findings of the base, optimistic and pessimistic scenarios for age
groups a) 15-24, b) 25-44, ¢)45-64, d)65+ by years.

The findings of the gender groups reveal that a new implemented policy can provide
positive effects on females because females are more vulnerable to the policies and
they are more likely to quit when compared to males. On the other hand males are
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really resistant to quit. Although they face with new policies or diseases, they insist

to use tobacco.

The tobacco use behaviors of agent according to their age groups and residence types
are also investigated in this thesis. The findings for age group are given in Figure 5.6
while the outputs for residence types are given in Figure 5.7. The proposed hybrid
model provides similar results for all residence types and age groups in the base and
optimistic scenarios. The prevalence of tobacco use among 15-24, 25-44 age group,
urban and rural residents decrease in the both scenarios. On the contrary, the
distribution of current smokers increases for other age groups (45-64, 65+) in the
same scenarios. In the pessimistic scenario, people from all residence types and age
groups are more likely to use tobacco. Thus, the percentages of current smokers
increase. However, the results of the 15-24 age group in the base and optimistic
scenarios are around %0 after 2020. Although the hybrid model provides promising
results for imitation of the tobacco use and control of Turkey, it can still have some
problems to represent the real life system entirely. For that reason, this age group
should be re-examined at the further analysis.
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Figure 5.7 The findings of the base, optimistic and pessimistic scenarios for

residence a) urban, b) rural by years.

Tobacco use behaviors of agents are also examined according to their work status.
The findings shows a decreasing trend for all work status excluding the retired agents
in the base scenario. The model predicts a slight increase for retired agents in the
base scenario while predicting reduction in the optimistic scenario. The results of the
optimistic scenario generally represent a decreasing trend for all work status.
However, the results of the home maker agents are interesting. As seen in Figure 5.8-

e, homemakers are more like to quit tobacco use when compared to other work
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categories in the optimistic scenario. The main reason behind this can be the male
and female distributions within homemaker agents. The number of female
homemakers is much more than male homemakers. Therefore, the female population
in the homemaker group can be a major cause for the high decrease at the percentage
of tobacco users for this group. The results of the pessimistic scenario for work status
represent similar consequences like gender, age group, and residence. In the worst
case, the percentages of tobacco users increase for all work status groups.
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Figure 5.8 The findings of the base, optimistic and pessimistic scenarios for work
status a) paid employee, b) self employed, ¢) non-paid family worker, d)
student, ) homemaker, f) retired, and g) no job by years.
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The final analysis is for education levels of the agents. The comparisons of the
results of the scenarios are represented in the Figure 5.9. According to the base
scenario, the percentages of tobacco users among high school graduates and
university or higher graduates represent a decreasing trend while people who are not
graduated, primary educated, and secondary school graduates are more likely to start
smoking. On the other hand, although the distributions of current smokers decrease
during 2020 significantly for all education levels, this decreasing trend may change
after 2020 for not graduate, primary education, and secondary education graduates

groups in the optimistic scenario.

The mentioned education level results reveal that that when the education level of
agents increases, their likelihood of quit smoking also increases parallel to their
education level. Thus, explaining the importance of quitting smoking to the not
graduated, primary and secondary educated people can help to improve the

performance of the tobacco control policies.

Consequently, the outputs of the proposed hybrid model at the end of the three
different scenario analyses are given above. The results reveal the changes at tobacco
use behaviors of people under different situations. Some of the findings may be
really helpful to understand the effects of tobacco control policies and unexpected
situation on tobacco use behaviors of people. Thus, the results of the presented thesis
can help policy makers to understand the different consequences of the tobacco

control policies for various population groups.
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Figure 5.9 The findings of the base, optimistic and pessimistic scenarios for
education levels a) not graduated, b) primary education, ¢) secondary
education, d) high school education, and €) university or higher

education by years.

5.5 Concluding Remarks

This chapter of the thesis presents the details of the proposed hybrid AB model
integrated with a multi-stage learning based FCM in order to examine tobacco use
behaviors of Turkey. The learning procedure that is explained in detail in the
previous chapter is embedded to the AB model to make a decision support
mechanism for agents. In addition, tobacco use and control of Turkey is reflected
considering the demographic characteristics (gender, age, residence, work status, and
education level) and tobacco use behaviors (never smoker, current smoker, and

former smoker) of agents, tobacco control relevant factors (notice of anti-tobacco
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advertisement, notice of health warnings, notice of tobacco advertisements, taxation
level, and notice of pictorial warning) and social network. The effects of newly
implemented plain package regulation and COVID19 pandemic on tobacco use
behaviors of agents are investigated under three different scenarios: base, optimistic,

and pessimistic scenarios.

The findings generally represent that if plain package and COVID-19 related issues
such as curfew, social isolation, economical problems and etc. affect people
adversely and lead people to start tobacco use, a considerable increase at the
percentage of current smokers could be expected for almost all groups of people. On
the contrary, if the potential damages of tobacco use to immunity of people lead
people to quit tobacco use and the optimistic scenario happens, a vital reduction at
the percentage of current smokers could be expected. Apart from these results, the
model reveals very helpful information about tobacco use behaviors of people from
different groups, especially for gender, education level and work status. Females and
homemakers are more likely to quit tobacco use when compared males and people
from other work groups. In addition, when the education level of people increases,
their tendency to quit also increases. Thus, higher educated people can understand
the negative effects of tobacco use better. These important consequences of the thesis
indicate vulnerable and resistant groups against policies to policy makers. Therefore,
increasing the understanding of the resistant group about the risk of tobacco use can
help to decrease prevalence of tobacco use. Targeting the resistant groups and
improving tobacco control policies to increase the effects of policies on these groups
can be a reliable way to control tobacco use in Turkey.
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CHAPTER VI
CONCLUSIONS

6.1 Introduction

This PhD thesis proposes a novel hybrid agent based model for understanding
tobacco use behaviors of people in Turkey. For this aim, the concept of s multi-stage
learning based fuzzy cognitive map is embedded into the agent based model. The
agent based modeling is used to imitate individual level behaviors of people while
fuzzy cognitive map is used to understand mental models and decision making
mechanism of people. Demographic characteristics (gender, age, residence,
education level, and work status), tobacco use behaviors (never, current, and former
smokers) and the structure of social networks of people and tobacco control policies
of Turkey (taxation, health warnings, pictorial warnings, notice anti-tobacco

advertisements, and plain package) are included to the proposed hybrid model.

The casual relations between demographic characteristics, tobacco control policies,
and likelihood of tobacco use of people are analyzed at each model time unit for
people using fuzzy cognitive maps. In order to eliminate the increase the accuracy
and robustness of the obtained maps at the end of the fuzzy cognitive map analyses,
the usage of expert knowledge is restricted and a multi-stage learning procedure is
integrated to the thesis. The multi-stage learning procedure is started with the well
known non-linear hebbian learning algorithm and then continues with the extended
great deluge algorithm. The performance of the mentioned procedure is initially
tested to observe its capability to represent the relations between demographic
characteristics and likelihood of tobacco use of people. After the accuracy of the
procedure is verified, the procedure is embedded to the agents based model to work

as a decision support mechanism.
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The proposed hybrid model is built to represent tobacco use behaviors of adult
population Turkey from 2008 to 2018. After that, three different scenarios are
prepared to examine the potential effects of a new tobacco control policy (plain
package regulation) and COVID19 pandemic on tobacco use behaviors of agents
who had different demographic characteristics. These scenarios are: base scenario
that assumes no change on tobacco use behaviors after plain package regulation and
COVID19, optimistic scenario that assumes the increase at the tendency of people to
quit tobacco use, and pessimistic scenario that assumes the increase at the tendency

of people to start tobacco use.

6.2 The Findings of the Thesis

This thesis integrates the agent based modeling and fuzzy cognitive maps in order to

imitate tobacco use behaviors of people.

The steps, benefits, and application of the multi-stage learning based fuzzy cognitive
maps are represented in the Chapter 4. The FCM analyses are initialized with a
random initial weight matrix. Subsequently, the initial knowledge is trained with
non-linear hebbian algorithm. Finally, the outputs of the non-linear hebbian
algorithm are used as the inputs of extended great deluge algorithm (EGDA). The
implemented procedure helps to restrict the usage of expert knowledge and increase
the accuracy and robustness of the maps. The causal relations between demographic
characteristics and likelihood of tobacco use of people are provided at the end of the
analyses. The results indicate that this procedure is really successful to represent the
effects of causal relations when compared to one-stage learning with non-linear
hebbian learning algorithm.

In the Chapter 5, the multi-stage learning based fuzzy cognitive map analyses are
integrated with the agent based model to represent agents' decision about changing
tobacco use behaviors. The proposed model is used for examining different
scenarios. The outputs of the model provide valuable information about tobacco use
behaviors of people. The results mainly imply that tobacco use behaviors of people
who have different characteristics could represent different reactions to tobacco
control policies and unexpected issues. Females, homemakers, and people with high
education levels are more likely to quit tobacco use when compared to other groups.

Males and people with low education level are resistant to quit tobacco use.
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6.3 Implications for Policy Makers

This thesis can contribute to modeling and tobacco use relevant literature separately.
While the design of the modeling process can contribute to the modeling literature,
the findings of the scenario analyses can help to increase our understanding on
tobacco use behaviors of Turkish people. Tobacco use is one of the most important
public health problems for Turkey like many different countries. In order to decrease
the prevalence of tobacco use in Turkey, Turkey has implemented several different
tobacco control policies. Although Turkey fights against to tobacco use severely, the
prevalent usage of tobacco products could not be eliminated completely. For that
reason, performing new researches that can improve our understandings on this topic

may help to increase our gains from the existing and future tobacco control policies.

This thesis focuses on to examine tobacco use behaviors of Turkish people
considering demographic characteristics, tobacco control policies and social network
effect. The findings of the scenario analyses reveal that the reactions of the
demographic groups to tobacco control policies and unexpected issues can vary.
While males are really resistant to change their tobacco use behaviors due to new
policies and unexpected issues, females are more willing to quit tobacco use. Thus,
although new policies can lead females to quit tobacco use, the same result may not
be expected for males. In order to decrease tobacco use in Turkey, males are needed
to convince quitting. For this aim, policy makers can develop new methods to affect
the opinions of males. In addition, people who aged 45 and over and people who
have low education level are also resistant group for policy makers. The behaviors of
these demographic groups can be studied in more detail to understand the reasons
behind their tobacco use behaviors. New tobacco control policies that can target
these resistant groups can also be implemented for taking the prevalence of tobacco

use under control.

6.4 Limitations of the Thesis and Future Work

Although there have been various contributions of this thesis to agent based
modeling, fuzzy cognitive maps, and tobacco use literatures, there are also some

limitations that may be investigated in future analyses.
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The presented thesis focuses on modeling an important complex system. Tobacco
use consists of several different factors from demographic factors to environmental
factors that can affect tobacco use behaviors of people. In this thesis, demographic
factors and tobacco control policies are basically included in the study. Although the
model provides valuable information for these factors, future studies can also
examine the effect of different factors such as psychological, health related factors
and etc.

The model is built using an open population with births and deaths. However,
population can also vary with migration. In this thesis, the effect of migration is
ignored due to the lack of detailed information about immigrants. The future studies

can also search the effects of migration on tobacco use.

In addition, a random social network is used in the proposed model. Forming a
detailed social network that represent the social relations of individuals for tobacco
use can be a vast research topic because there are many different relation that affect
tobacco use behaviors of people such as parents, peers, colleagues, and etc.
Therefore, analyzing the structure of social networks of people for Turkey can be a
remarkable research topic for future studies.
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