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To survive in today’s telecommunication business it is imperative to distinguish customers who are not
reluctant to move toward a competitor. Therefore, customer churn prediction has become an essential
issue in telecommunication business. In such competitive business a reliable customer predictor will
be regarded priceless. This paper has employed data mining classification techniques including Decision
Tree, Artificial Neural Networks, K-Nearest Neighbors, and Support Vector Machine so as to compare their
performances. Using the data of an Iranian mobile company, not only were these techniques experienced
and compared to one another, but also we have drawn a parallel between some different prominent data
mining software. Analyzing the techniques’ behavior and coming to know their specialties, we proposed
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ANN a hybrid methodology which made considerable improvements to the value of some of the evaluations
KNN metrics. The proposed methodology results showed that above 95% accuracy for Recall and Precision is
SVM easily achievable. Apart from that a new methodology for extracting influential features in dataset was

Decision tree introduced and experienced.

© 2014 Elsevier B.V. All rights reserved.

1. Motivation and significance

Nowadays business managers have started to appreciate the
important role of churn prediction in their way of prosperity. In
the literature, it has been repeatedly indicated that customer reten-
tion in comparison to absorbing new customers is significantly
more achievable and less expensive. In today’s competitive busi-
ness environment, losing a customer should be considered as a real
disaster. Loss of a customer can be contemplated in three different
aspects. First, losing existing customers is figuratively equivalent
to have a critical machine irreparably broken down due to the fact
that they are any company’s most precious assets. Furthermore, by
the same imaginary assumption, losing a customer would mean
passing our asset intentionally to our competitor. Finally it is too
laborious a task to gain a new customer. To make the matters worse,
even if a new customer were absorbed, they even would not be
as loyal as the old customers. It may take some time for just a
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proportion of them to become slightly loyal. Therefore, the preven-
tion strategy is absolutely worthwhile. Customer retention plays a
major role in many enterprises, especially matured ones, includ-
ing telecommunications and finances [1]. Acquiring it requires and
rears churn prediction, which is another term and keyword in
customer retention. It can be explained as predicting customers’
probable tendency to switch to our competitor.

In today’s telecommunication business environment, competi-
tion is tremendously fierce. The services and customers’ options
also have become more comparable and more competitive. This is
the reason why customer loyalty tends to erode. It costs customers
figuratively nothing to switch from a service provider to another.
They are customers after all and they have freewill to switch to
a better and probably more inexpensive service in a competitive
market. We, as company managers, ought to take every necessary
step so as to get in their way of leaving. It is imperative to distin-
guish customers who are not reluctant to move toward another
competitor before they actually consider so. Therefore, dealing
with the probability of customers’ churn has become an inevitable
issue in telecommunication industry [2]. The telecommunication
service companies are annually facing with loss of valuable cus-
tomers to competitors. Due to the changes and improvements in
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telecommunications’ services technologies in the last few years,
customers’ churn has resulted in magnificent losses and it has
proven itself as a real issue [3].

2. Introduction

The number of mobile phone users during past years has percep-
tibly multiplied. Statistical report for the end of 2010 indicated that
the number of mobile phone users in Iran has surpassed 70 million,
more than 90% of the country population. Therefore, telecommu-
nication market is in the point of being saturated, especially for
big cities. Mobile phone penetration rates for certain city have
gone above 100%, which means there are more subscriptions than
inhabitants. As a result, heat of the competition in today’s telecom-
munication market is distinguishably high. Proposed products and
service offerings are becoming more and more similar and replace-
able. The fact that customers, in most of the cases, are able to
self-centrically prefer a service provider better brings about the
eroding of customer loyalty. Then, Iran telecom operators in near
future need to start giving a great amount of attention to customer
churn prediction and customer retention strategies and should they
fail to do so they would not survive. Furthermore, it has been
repeatedly shown that taking customer retention strategy can be
profitable for a company [4].

Not so long ago data mining techniques have been in use to
tackle the challenging customer churn problems in telecommu-
nication service field [3]. Due to the aforementioned heat of the
competition in telecommunication market, these data mining tech-
niques are mainly employed to cope with the churn prediction
issues which has been receiving an unprecedented attention in
the telecommunication industry and research. They are mostly and
prevalently applied using the customer log-files or questionnaires
so as to come up with some knowledge helping to determine the
customers who are likely to churn. Although most of these data
mining techniques use essentially different techniques to achieve
approximately same result, the knowledge is totally worth spend-
ing and beneficial for almost any telecommunication company. The
following paragraph is devoted to illustrate the importance of exact
churn prediction.

Applying data mining techniques itself can be time-consuming
and extravagantly expensive. Data Gathering, Data Cleaning, and
Data Preprocessing in Iran rather immature telecommunication
companies also can be painstakingly hard. It is important to under-
stand that the knowledge extracted for data mining probably will
be employed to make important decisions about the customers
who are repeatedly known as the most important asset of any
business. Therefore, the more accurate and reliable the extracted
knowledge is, the more proper and appropriate decisions can be
made. Making appropriate decision about such a vulnerable mat-
ter needs tremendous certainty and that is achievable by reliable
knowledge extracted by reliable techniques. On the other hand,
improper decision based on falsified, bias or flawed knowledge may
lead to devastating situations where no one can make restitution.

Contemplating previous researches, they can be categorized
by two main aspects. First is the studies which were centrally
concerned about churn determinants. They analyzed well-known
churn determinates and verified them by using customer behaviors
in telecommunication. Some attributes, such as customer satisfac-
tion, switching costs, customer demographics, tendency to change
behavior, and service usage, have been prevalent among churn
determinants [1]. Second, there are other studies such as this
paper whose authors’ interest has been to improve the outcome of
churn prediction by state of the art computational methods. Hav-
ing said that, although this paper’s main part is to propose a novel

methodology for more accurate prediction, a feature extraction
method for dimensionality reduction is also presented.

A rather distinguished and important part of this paper is the
idea of using intelligent algorithms for prediction of future mat-
ters. Intelligent algorithm has proven to be versatile and applicable
for different tasks. They have been in use in variety of problems,
the subject matter be Internet such as [5,6], ATM management [7],
or the most basic statistical problem estimating missing value [8].
There have been many research works which employ neuro-fuzzy
inference system to combine the advantages of fuzzy logic and
neural network for classification and regression problems. There
are many articles as an example for this adaptation: [9-14]. The
combination of neural network and fuzzy logic in these studies
benefits mostly from the human-like logic behind fuzzy systems
and the connections of the neural networks. There are, moreover,
approaches in which the use of meta-heuristic algorithms such
as Genetic Algorithm (GA) for the parameter estimation of neu-
ral network or fuzzy system had been employed: [15,16]. Taking
this strategy has many advantages because these types of prob-
lems are not closed form and more than too often the researcher
opts to use an iterative algorithm to estimate their parameters.
Meta-heuristic algorithms converge at a local minimum/maximum
which is proven to be often sufficient. All the aforementioned works
try to utilize intelligent algorithm to improve their estimates. These
estimates in many works have come to natural phenomena. Such
approaches have made great advances in different discipline such
as production and inventory, or even natural hazards and risk man-
agement: [17-22].

However this paper’s most important contribution is the
churn prediction improvement by hybridizing some well-known
algorithm. After experimenting with four mentioned prominent
algorithms and coming to know their special features, a hybrid algo-
rithm using all four is introduced. Not only did we prove that the
suggested methodology is competitive with the best of the four, but
also it has a tuning parameter that can be manipulated to predict
the way its users need. If a decision maker needs to exactly know
which customers will be churned, or if they want to realize who are
the customers that have even slightest tendency to leave, the algo-
rithm can be tuned to return the desired outcomes. Computational
achievement in this paper is really strong since it has been able
to push recall and precision measures, two of the most important
measures for evaluating binary prediction, not to return less than
95% accuracy. Moreover, as it is an essential part of any data mining
task we have investigated into the influence of the columns in our
data. In real world setting computational limitation can bring about
many restrictions. Thus, knowing the most influential columns can
save many times an effort. To that end, a novel feature extraction
methodology is suggested. The suggested method is experienced
and consequently compared to traditional statistical means.

The rest of this paper is organized by 5 other sections. Section 3
is a short review of other research papers concerning telecommu-
nication churn prediction. Section 4 describes in details the four
classifiers algorithm used in our experiments. Section 5 is to show
our experiences and results, whereas in Section 6 a hybridized
methodology is explained and illustrated. Last but not least, Section
7 is the final discussion and conclusion of this paper experiments.

3. Literature review

Accurate and reliable prediction of churn customer is impor-
tant in the development of appropriate retention strategies. Huang
et al. [3] proposed a method based on ordinal regression to predict
time of churn and tenure of customer in mobile telecommu-
nication industry. They treated customer tenure as an ordinal
outcome variable and take advantage of ordinal regression to form
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a model. Their results showed that ordinal regression could be
an alternative technique for survival analysis for the prediction
of mobile customers’ churn time. This paper has been the first
study, its authors claimed, to use ordinal regression as a poten-
tial technique for modeling customer tenure. Zhang et al. [1]
investigated the effects of interpersonal influence on the accuracy
of customer churn predictions and proposed a novel prediction
model that is based on interpersonal influence and combines the
propagation process and customers’ personalized characters. The
comparison between results of traditional attributes-based models,
network attributes-based models and combined attributes mod-
els proved that incorporating network attributes into predicting
models can greatly improve prediction accuracy. Kim et al. [23]
examined the communication patterns among subscribers in a
mobile telecommunication company and introduced network anal-
ysis. They accomplished further improvements in churn prediction
compared with the traditional machine learning approach that
handles personal information stored in companies considering a
propagation process in a network based on call detail records which
transfers churning information from churners to non-churners.
In a rather novel study, Verbeke et al. [24] used social network
information to predict churn. They present an alternative mod-
eling approach that integrates social network effects within a
customer churn prediction setting using relational learning algo-
rithm. Non-Markovian network effects are incorporated within
relational classifiers. In this study, significant impact of social net-
work effects on the performance of a customer churn prediction
model is discussed and a novel parallel modeling setup is intro-
duced to boost the profits generated by a retention campaign.

Hung et al. [25] intended to illustrate how to apply IT technol-
ogy in order to facilitate telecom churn management. Their main
goal, unlike to the most of other churn analysis research, was not
to predict customer’s churning attitude so as to decide what mea-
sures should be taken about the retention. However, authors opted
for decision tree, neural network and K-means cluster among data
mining techniques to come up with a churn predictive model. They
had categorized their churn attributes into three segments accord-
ing to their billing amount (to assess ‘customer value’), tenure
month (to appraise ‘customer loyalty’), and payment behaviors (to
engage ‘customer credit risks’). Normally in churn analysis research
the effective churn deterministic variables are chosen by running
a regression model or other means; however, they simply used
expertise’s outlook in order to discern effective churn deterministic
variables.

The purpose of using association rules is to reduce a large
amount of information to a small and more understandable set
of statistically supported statements [26]. Few studies have con-
sidered or illustrated the pre-processing step during data mining
whose aim is to filter out unrepresentative data or information. All
the same, the aim of Tsai and Chen [27] was to examine whether
association rules can be adapted in the data pre-processing stage
to reduce a large amount of information to a small and more
understandable data variables in order to improve the predic-
tion performance of neural networks and decision trees. They,
after discussing some preprocessing steps, presented the impor-
tant processes of developing MOD customer churn prediction
models by data mining techniques. Their study contains a pre-
processing stage for selecting important variables by association
rules and also it consisted of a model construction stage by neu-
ral networks (NN) and decision trees (DT). Their experimental
results showed that using association rules allows the DT and
NN models to provide better prediction performances over a
chosen validated dataset. Authors also investigated the combina-
tion of the data reduction and model development steps using
data mining techniques for the problem of MOD customer churn
prediction.

Lee et al. [28] focused on building an accurate and concise pre-
dictive model with the purpose of churn prediction by utilizing
a partial least squares (PLS)-based methodology on highly cor-
related data sets among variables. Not only did they present a
prediction model to accurately predict customers’ churning behav-
ior but also a simple but implementable churn marketing program
was employed. Their proposed methodology allows a marketing
manager to maintain an optimal (at least a near optimal) level of
churners effectively and efficiently through their marketing pro-
grams. In this research PLS is employed as the prediction modeling
method. Ning et al. [29] conducted an experimental investigation
of customer churn prediction in telecom industry and proposed
the use of boosting to enhance a customer churn prediction model.
Unlike other boosting methods that improve the accuracy of a given
basis learner, the authors suggested to separate customers into two
clusters based on the weight assigned by the boosting algorithm.
The proposed model provides an opportunity to an “Implementa-
tion Zone” where customers with the highest churn propensity can
be addressed for retention actions.

De Bock and Poel [30] evaluated rotation-based ensemble clas-
sifiers for the prediction of customer defection. In rotation-based
ensembles, feature extraction algorithms are applied to rotate the
training data that is presented for training member classifiers in
the ensemble. They compared two ensemble-based ensemble algo-
rithms, i.e., Rotation Forest and RotBoost, to a set of often used
benchmark algorithms, in terms of accuracy, AUC and top-decile
lift on four real-life customer churn prediction applications. Their
other interesting contribution was that they compared the influ-
ence of the use of three alternative feature extraction algorithms,
i.e., principal component analysis (PCA), independent component
analysis (ICA) and sparse random projections (SRP) on classifica-
tion performance of both RotBoost and Rotation Forest. Idris et al.
[31] proposed an intelligent churn prediction system for telecom
by employing ensemble classification technique. The performance
evaluation conducted on standard telecom datasets shows the
effectiveness of proposed approach, which is based on RotBoost in
combination with minimum redundancy and maximum relevance
features, in handling high dimensionality of the telecom datasets
and its high accuracy in predicting churners. In order to be able
to better evaluate classification techniques, a cost-benefit analysis
framework to the customer churn problem was applied by Ver-
braken et al. [32]. They proposed a new performance measure, the
expected maximum profit criterion, which is aligned with the main
objectives of the end users. Not only does the proposed framework
assist companies with selecting the classifier which maximizes the
profit, butalso provides guidance about the fraction of the customer
base to be included in the retention campaign.

Lin et al. [2] proposed three measurements including Modifica-
tion Measures, Execution Effectiveness Measures and Cost-Benefit
Analysis to evaluate the effectiveness of the churn models after
retaining potential churner. They showed to be appropriate effec-
tiveness measures so as to assist in evaluation of execution
effectiveness and give a proper feedback to adjust data mining
model or redesign marketing activities. Authors also designed a real
experimental architecture for telecom churn management appli-
cation to use it as a pilot project for real adopting data mining
model. Pendharkar [33] proposed two GA-based neural network
(NN) models to predict customer churn in subscription of wire-
less services. Their first GA-based NN model uses a cross entropy
based criterion to predict customer churn, and their second GA
based NN model attempts to directly maximize the prediction
accuracy of customer churn. Using real-world cellular wireless
services dataset and three different sizes of NNs, they compared
the two GA-based NN models with a statistical z-score model
using several model evaluation criteria, which include prediction
accuracy, top 10% docile lift and area under receiver operating
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characteristics (ROC) curve. The results of experiments indicate that
both GA-based NN models outperform the statistical z-score model
on all performance criteria.

Briefly, in other studies, Kim and Yoon [34] identified the deter-
minants of subscriber churn and customer loyalty in the Korean
mobile telephony market. Owczarczuk [35] tested the usefulness
of the popular data mining models to predict the clients churn
of the Polish cellular telecommunication company. Author dealt
with prepaid clients who are far more likely to churn, less stable
and much less we known about them. The results of his research
showed that linear models, especially logistic regression, are a very
responsive choice to mode churn of the prepaid clients. Kisioglu
and Topcu [36] constructed a model by Bayesian Belief Network
to identify the behaviors of customers propensity to churn. They
analyzed three different scenarios that examine the characteris-
tics of the churners and also suggested promotions to reduce the
churn rate. Coussement and Van den Poel [37] developed a DSS
for churn prediction. It tries to integrate free-formatted, textual
information from customer emails with information derived from
the marketing database. They investigated the beneficial effect
of adding the voice of customers through call center emails —
i.e. textual information - to a churn-prediction system that only
uses traditional marketing information. Their findings proved hav-
ing unstructured, textual information added into a conventional
churn-prediction model will result in a significant increase in the
prediction performance. Usero Sanchez and Asimakopoulos [38]
examined the effects of mobile number portability (MNP) imple-
mentation on competition in the European Mobile communications
industry. They concluded that subscriber churn rates are negatively
affected by both the level of charges levied on subscribers wishing
to maintain their current number (porting) when switching mobile
providers and the length of time required switching. Sweeney and
Swait [39] investigated the important additional role of the brand
in managing the churn of current customers of relational services.
Their research leaded to the enhanced understanding that the
brand has a significant role to play in managing long-term cus-
tomer relationships, and details how the usual tools of customer
relationship management, satisfaction and service quality, relate
to brand credibility. Their results from samples of retail bank and
long distance telephone company customers indicated that brand
credibility serves a defensive role. Huang and Kechadi [40] pro-
posed a hybrid model-based learning system, which integrates the
supervised and unsupervised techniques for predicting customer
behavior. The system combines a modified k-means clustering
algorithm and a classic rule inductive technique (FOIL). Authors
concluded that their hybrid model is very promising and outper-
form the existing models as the result of a comparative study on a
set of benchmarks and use of real telecom datasets.

Contemplating Table 1, which is the summary for literature
review, one can see that data mining techniques, such as Deci-
sion Tree, Neural Network, Support vector machine, Bayesian Belief
Networks, and Regression, have been prevalently employed in
telecommunication customer churn prediction studies. Neverthe-
less, just a few of them have gone through the process of tuning
these techniques parameters in order to compare them to each
other. In this paper we have experienced, tuned, and compared four
prominent data mining classification techniques namely Decision
Tree, Artificial Neural Network, K-Nearest Neighbor and support
Vector Machine. Apart from that, the average value of 98 and 97%
accuracy respectively for Precision and Recall measures proved
that our new hybrid methodology could predict test records with
the least inaccuracies. To the best of our knowledge the process
of identifying influential features, in other word significant fea-
tures, is often performed by statistical tools and method. This paper,
however, has introduced a hubristic methodology which extracts
features with the most influential role in prediction accuracy.

4. Data mining techniques
4.1. Decision tree (DT)

One of the most popular and prevalently in use classification
techniques among others is decision tree. Its exceptional flexi-
bility and understandability are its greatest advantage which has
resulted in its popularity. It is a great means to predict different
categories (classes) by taking into account the values of predic-
tor attributes. The decision tree’s very informative visualization
and its flexibility make it practically advantageous. As an exper-
imental exploratory technique, especially when other techniques
have failed, decision trees may successfully be employed. Decision
trees can be seen as an answer to many problems caused in era of
data and information. It has gained popularity because of its con-
ceptual transparency. Decision trees are also useful to be used as
knowledge-based experts systems [43].

Hunt et al. [44] was one of the first study aimed at constructing
a decision tree. Their proposed algorithm is known as the general
way of inducting decision trees in current software. Their proposed
methodology is an understandable 4-stepts procedure. The follow-
ing is Hunt's algorithm inducting decision trees:

1. Denote by Dt the set of training objects (data) that reach node t.

2. If Dtisan empty set, thentis a terminal node (aleaf node), labeled
by the class &t.

3. If Dt contains objects that belong to the same class Ct, then t is
also a leaf node, labeled as Ct.

4. If Dt contains objects that belong to more than one class, then
we use an attribute test to split the objects into smaller subsets.

The algorithm is effective and simple, but there is one important
matter for our notice. It seems, in step 4, there is a methodology
missing to choose an attribute among not-split ones to make use in
time of splitting. In the literature, there is a concept called impurity,
which is also known as goodness-of-fit. There are famous measures
addressed to estimate the impurity of a node, such as GINI index,
entropy, misclassification, Chi-square, and G-square measures. In
the process of choosing which attribute is most appropriate to split
(step 4), they are employed to estimate the impurity of each possi-
ble attribute. There are some well-known advantages for decision
trees and they can be useful to decide whether employing decision
tree is a viable choice [45]:

e Easy to understand and interpret.

¢ Inexpensive to be built. They require a small amount of training
data compared with other classification techniques.

¢ Use of both numerical and categorical data without any restric-
tion.

e ““Transparent-box” type, the classification rules can be under-
stood ‘at first sight’. Other classification techniques, such as
artificial neural networks, act as “black-box” models, do not
directly provide the user with the classification rules.

4.2. Artificial Neural Network (ANN)

Artificial Neural Network (ANN) is an information processing
mechanism which is inspired from biological nervous systems.
ANN comprises some interconnected elements, or neurons, work-
ing together as one system to solve specific problems. The structure
of an ANN is determined by both the inter-neuron connections’
arrangement and the nature of these connections. The way of train-
ing or adjusting the strengths of these connections so as to achieve
a desirable overall behavior is known as learning process [46].
ANNs are well-known for their well-established empirical mod-
eling power. Their most outstanding feature is their ability to learn



Table 1
Literature review summary.

Gopal and Meher [41]
Filed
Mobile telecommunication industry
Data
A major wireless telecommunications company
Model
Classical tenure modeling approach - survival analysis
Methods
Ordinal regression (OR)
Multi-class classification (MC)
Decision tree
Cox proportional hazards (PH)

Zhangetal. [1]
Filed
Telecommunication Service
Data
Telecommunication service database of a mobile telecommunication
company
Model
A novel prediction model based on interpersonal influence
Classification model
Propagation model

Traditional attributes-based models
Methods

Lift curve

AUC

Hit rate

Tsai and Chen [27]
Filed

Telecommunication companies that provides MOD services
Data
One of the telecommunication companies that provides MOD services
in Taiwan
Model
NN and decision tree along with association rules

Lee et al. [28]
Filed

Mobile telecommunication business environment
Data
Mobile phone service provider (data Center for CRM at Duke
University)
Model
Linear and non-linear PLS models
Logit regression models

Linetal. [2]

Filed
Mobile telecommunication industry

Model
Confusion matrix/lift chart/cumulative gain

Methods
Data mining (Decision Tree, SVM, Regression, Clustering)/Modification

Measures/Execution Effectiveness Measures/Cost-Benefit Analysis

Churn deterministic
Number of months in service
Churn time
Tenure
Cumulative satisfaction
Perceived losses transaction
Failures
Bad service quality

Churn deterministic
Traditional attributes
Customer satisfaction (Prices, brand, key accounts level, function of the handset, complaints)
Switching barrier (Loyalty points, Feedback gift, Discount level Lucky number)
Service usage (Monthly call counts, Monthly payment, Short message, Diversity of service usage, Activeness of service usage,Duration of
subscription)
Price sensitivity (Chang billing suite, Free call duration, Free call duration, Frequency of paying)
Previous anomaly behavior (Change of fees, Change of call counts, Anomaly status, Calling behavior)
Network attributes
Neighbor composition/Tie strength/Homophily/Similarity/Structural cohesion/Structural cohesion/Structural cohesion/Influence
of churn neighbors

Churn deterministic
The branches/Customers who either accept product promotion or not/The method of paying the MOD services/Whether the services
are recommended by the employee or not/The speed of uploading and downloading data/discount method/Broadband services
for either ADSL or FTTB/The broadband distance/from the MOD server to the customer/The times of logging on MOD/The
basic fee for the MOD services/Extra fees for customer’s preferences

Churn deterministic
Number of days of current equipment/Handset (refurbished or new)/Range of overage minutes of use/Mean of unrounded minutes
of use of completed voice calls/Mean of unrounded minutes of use of completed voice calls/Total number of months in
service/Account spending limit/Billing adjusted total minutes over the life of the customer/Mean of number of minutes of
use/Range of revenue of voice overage/Range of revenue of overage/Percentage change in monthly minutes of use vs. previous
3 month average/Average monthly number of calls over the life of the customer

Churn deterministic
Billing amount
Contract status
Call behavior

866
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Table 1 (Continued)

Pendharkar [33]
Filed
Wireless network
Data
Customer log files
Methods
GA based NN
Statistical z-score

Ahn et al. [42]
Filed
Korean telecommunication

Data

Customer log files
Methods

Logistic regression

Hung et al. [25]
Filed

Taiwan wireless telecommunication

Data

Billing data/Call detail records (CDR)/Customer care

Model
Self-defined predictive model
Method
Data Mining Techniques:
Decision tree/Neural network/K-means cluster

Kim and Yoon [34]
Filed
Korean telecommunication
Data

Customer transaction

Billing data
Model
Econometric model
Binomial logistic model
Method
Logistic regression

Coussement and Van den Poel [37]
Field

Belgian newspaper publishing company

Churn deterministic
The actual value of variable
The maximum peak minutes allowed in the plan
The monthly cost for using the peak minute service for less than or equal to peak minutes
The cost per minutes that the customer has to pay for the ongoing

Churn deterministic
Customer satisfaction:
Call quality/Tariff level/Billing/Value-added service/Customer services/Handset/Brand image/Switching cost/Age/Sex/Income/Monthly
payment/Duration of subscription/Handset usage/Switching experience

Churn deterministic
Customer Demographic
Age/Tenure/Gender
Bill and Payment
Monthly Fee/Billing Amount/Count of overdue payment
Call detail record
In-net call Duration/Call Type
Customer Care
Count of Change of number/Count of barred or suspended

Churn deterministic
Customer dissatisfaction

Call drop rate/Call failure rate/Number of complaints
Switching cost

Loyalty points/Membership card program
Service usage

Monthly billed amount/Unpaid balances/Number of unpaid bills
Customer-related variables

Calling plans/Handset capability/Handset manufacture

Churn deterministic
Client/company-interaction variables:

The number of complaints./Elapsed time since the last complaint./The average cost of a complaint (in terms of compensation
newspapers)./The average positioning of the complaints in the current subscription./The purchase motivator of the
subscription./How the newspaper is delivered./The number of conversions made in distribution channel, payment method and
edition./Elapsed time since last conversion in distribution channel, payment method and edition./The number of responses on
direct marketing actions./The number of suspensions./The average suspension length (in number of days)./Elapsed time since
last suspension./Elapsed time since last response on a direct marketing action./The number of free newspapers.

Subscription-describing variables: group of variables describing the subscription
Elapsed time since last renewal./Monetary value./The number of renewal points./The length of the current subscription./The
number of days a week the newspaper is delivered (intensity indication).,/Which edition the subscriber has (X1, X2, X3)./The
month of contract expiration./bad service quality
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Table 1 (Continued)

Data

Marketing database and customer emails
Method

Logistic regression
Churn deterministic

Socio-demographic variables: variables describing the subscriber:

Age/Whether the age is known/Gender/Physical person (is the
subscriber a company or a physical person)/Whether contact
information (telephone, mobile number, email) is available

Renewal-related variable: variables containing renewal specific

information

Whether the previous subscription was renewed before the expiry
date,/How many days before the expiry date, the previous
subscription was renewed./The average number of days the
previous subscriptions are renewed before expiry date./The
variance in the number of days the previous subscriptions are
renewed before expiry date./Elapsed time since last step in

company retention procedure./The number of times the customer

did not renew a subscription

Usero Sanchez and Asimakopoulos [38]
Field

European mobile communication industry

Data

Wireless Intelligence Database
Model

Econometric Model

Owczarczuk [35]

Field
Polish cellular telecommunication company

Data
Large data marts

Method
Logistic regression/linear regression/Fisher linear discriminate

analysis/decision trees

Kisioglu and Topcu [36]
Field
Telecommunication industry of Turkey
Data
Large data set
Method
Bayesian Belief Networks

Sweeney and Swait [39]
Field
Retail banking and telecommunication in North American
metropolitan Area
Data
Questionnaire
Method
Statistical methods

Churn deterministic
Independent variables

Portability period/Customer fee
Control variables

Industry growth/Penetration/(ARPU) Average Revenue per User of mobile services/fUMTS/Number of operators

Churn deterministic
Demographical or personal data
Clients’ call direct records
Average minutes of usage

Churn deterministic
Place of residence
Age
Tenure
Tariff type
Average billing amount
Trend in billing amount
Average minutes of usage
Average frequency of usage

Churn deterministic
Brand credibility
Trust worthiness

Expertise

Customer satisfaction, loyalty commitment (LC), continuance commitment (CC),

Word of-mouth (WOM)
Switching propensity
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Table 1 (Continued)

Huang and Kechadi [40]
Field

Telecommunications industry
Data

Dataset provided by a telecom company
Model
Hybrid model-based learning system
Method
Data mining techniques:
K-means clustering/First order inductive learning

Kim et al. [23]
Field

Mobile telecommunications industry
Data
A dataset obtained from a mobile telecommunication company

Method
A procedure using propagation process

Ning et al. [29]
Field
Mobile telecommunications industry
Data
Mobile customer database
Method
Boosting method
Logistic regression

Churn deterministic
Demographic profiles

Age/Gender/Social class bands/County code
Account information

Start time/account/number/type/fees/payment type/account balance/call information
Call details

Types of calls (e.g., international or local calls), number of calls/call duration/costs

Churn deterministic
Demographic profiles
Age/gender/etc.
Product details
Cell phone types and performance/duration from the last change of cell phone
Service satisfaction factors
Number of complaints/service quality score/loyalty score
Propensity to telephone calls
The proportion of non-voice calls/proportion of calls during the day time

Churn deterministic
Mobile plan and contract information
Billing
Usage
Product holding information
Customer care inbound/outbound information

Z101-#66 (¥10Z) bz Sundwo) 3o payddy / Ip 30 Ipwnid) Y
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| OUTPUT PATTERN

| OUTPUT LAYER

| INPUT LAYER

| INPUT PATTERN |

Fig. 1. Feed-forward network with one hidden layer.

automatically from available data in order to provide a means for
predictions. They also are able to impose blind (hidden) insights
into the hidden relationships [47].

ANNSs can be categorized into two different groups considering
their structures: Feed-Forwards and Recurrents. A Feed-Forward
network’s neurons are grouped into input, hidden and output lay-
ers. Feed-Forwards networks can be recognized by unidirectional
arrows which flow from input layer through the output, not con-
necting neurons in a same layer but connecting them from previous
layer just to the next one [46]. A simple Feed-Forward network with
one hidden layer is presented in Fig. 1.

The most influential different between Feed-Forwards and
Recurrents is that Recurrents unlike the others are allowed to point
backwardly to previous layer. Having stunning ability to extract
patterns which, by and large, are ambiguous for us, ANNs have
introduced themselves as reliable means of abstruse classifications.
However because of the well-known black-box nature, their expla-
nation capability unlike the other methods is limited.

4.3. K-Nearest Neighbors (KNN)

Among various classification techniques, most of them rely on
many assumptions made over data but in practical cases only few of
them are applicable. Beyond such methods another type of learning
algorithms named non-parametric learning has been introduced.
These types of algorithms make no assumption on the data and
therefore they are applicable on many real world problems. K-
Nearest Neighbors (KNN) is one the most applicable and useful
non-parametric learning algorithms. KNN may be known as a lazy
algorithm, that is, all training data are used at testing phase. In fact
there is no training phase and all data points are used directly in
test phase, so these all points need to be used when it is to be tested
[48].

KNN uses the distance between records so as to apply it for clas-
sification. In order to measure the distance between the points, KNN
assumes that these points are scalar or multidimensional vectors
in feature space. Euclidean distance is one of the most commonly
used measuring methods used in KNN. All data points are vectors
of feature space and the label will define their classes. The simplest
case is when the class labels are binary but still it is applicable on
arbitrary class numbers.

The classification problem for KNN can be stated as if we have
some labeled data points (used for training) by which the model
is trained and also some test unlabeled data by which the model’s

performance is measured. Assume that we are to classify the test
data using only one neighbor. Let the test point be x and name y for
the nearest train data (labeled data) to x. According to a rule (near-
est neighbor rule), x has to be labeled after y’s label. This may seem
naive and unreliable but it has proved to work, especially when
there are a large number of data points, its result improves. In cases
where we talk about k neighbors (k is odd), the most straightfor-
ward way is to find the k nearest neighbors and assign x to the class
in which most of k neighbors vote for it. For example let k=5, three
neighbors of x are of class C1 and two of them C2. According to KNN
rule x is labeled as C1. This is obviously the simplest way and one
extension as it is to do a weighted voting. One way to weigh the
votes is to simply multiply it by inverse of its distance to x; this
means the nearer the neighbor is the higher votes it has.

4.4. Support Vector Machine (SVM)

Support Vector Machine (SVM) was first introduced by Vapnik
[49]. The basic version of classifier would deal with two-class prob-
lems in which the training data are divided into two classes using a
hyperplane which is defined by a number of support vectors. It was
based on the Structural Risk Minimization (SRM) principle stated
in computational learning theory. The basic idea behind super-
vised learning methods is to learn from observations. SVM endows
us with a binary classifier by actually finding optimal separated
hyperplanes through nonlinear mapping of the input vectors into
a high-dimensional feature space. Based on support vectors, SVM
constructs linear models to estimate the decision function by taking
the advantage of the nonlinear class boundaries. In case the training
data are linearly separable, SVM results in the optimal hyperplane
with maximum distance between the hyperplane and those train-
ing sample which are closest to the hyperplane. These samples with
minimum distance to the hyperplane are called support vectors.
SVM only uses support vectors so as to find the hyperplane and so
all other training samples are irrelevant. When the data are not lin-
early separable SVM uses nonlinear machines to find a hyperplane
based on the minimum training error criterion [50].

In order to illustrate how SVM works we assume the simplest
case where there are only two linearly separable classes. Label the
training data by {x;,y;}, i=1,...I, y;e{-1,1}, x; € R4 Sup-
pose we have some hyperplane which separates positive from
negative examples. The points x which lie on the hyperplane satisfy
the equation: w - x + b = 0, w is normal to the hyperplane, |b|/ [|w|
is the perpendicular distance from the hyperplane to the origin,
and ||w| is the Euclidean norm of w. Let d+ (d_) be the shortest
distance from the separating hyperplane to the closest positive
(negative) example. Define the “margin” of a separating hyperplane
to be d++d_ [51]. Such case is shown in Fig. 2. For this particu-
lar case the algorithm simply looks for the separating hyperplane
with maximum margin. It is formulated as follows, satisfying these
constraints on all the training data:

Xi-w+b>+41 for y;=+1 (1)
Xi-w+b<-1 for y;=-1 (2)
which is restated such:

yi(x;w+b)—1>0Vi 3)

The support vectors where the equality in Eq. (1) holds lie on
the hyperplane H; : x;-w+ b =+1 with normal w and perpen-
dicular distance from the origin |1 — b|/ |w/|. Similarly the support
vectors, for which the equality in Eq. (2) holds, lie on the hyperplane
Hy: Xx;-w+b=—1,with again normal w, and perpendicular dis-
tance from the origin | — 1 — b|/ ||w|. Hence d, =d_ =1/ ||lw| and
the margin is simply 2/ |w] [51]. Obviously H; and H, are parallel
and no training points are between them. Thus minimizing |w|?,
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Margin

Fig. 2. Linear separating hyperplanes for the separable case [51].

subject to constraints Eq. (3) leads us to finding hyperplane pairs
with maximum margin.

The minimization is done using Lagrangian multipliers mainly
because the constraint Eq. (3) can be used easily to reformulate the
problem and all the training data will only appear in the form of
dot products between vectors [51]. What if the training points are
not linearly separable? In such cases we introduce Kernel Func-
tions which transform the problem to a high dimensional space in
which the points in that are linearly separable. The decision func-
tion without using kernel is in the form stated in the Eq. (4) but
in case the data are not linearly separable, it is transformed into a
high dimensional feature space in the form stated in Eq. (5).

N
Y =sign Zyi(x,-(x -Xj)+b

(4)
i=1
N

Y = sign Zy,»aiK(x, x;)+b (5)
i=1

In Eq. (5) the function K(x, ;) is the kernel function which trans-
forms the training data into a high dimensional feature space and
only deals with dot product of the input samples. The vector x = (x1,
X2, X3, ..., Xn) is the input and the vectors x;,i=1, ..., N are support
vectors. Also b and «; are the parameters determining the hyper-
plane. Common types of Kernel functions are Polynomial, Radial
Basis Function (RBF) and Neural Network kernel functions.
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Using Kernel functions, the input data are transformed into a
high dimensional feature space and in many complex cases it makes
the feature space easy to classify and in the case of telecommuni-
cation churn prediction, number of features are numerous and it is
a good idea to use Kernel functions to make them easy-to-handle.

5. Experiments

In the previous section, we introduce 4 different and prominent
classification techniques. In order to evaluate and compare these
techniques normally they have to undergo a performance evalua-
tion procedure. As it is presented in Fig. 3, the whole data have been
separated into two train and test sets. Usually train set comprises
70% of data set and consequently test set is 30% of it. A classifier
which has been trained by train set will be used so as to predict test
set records. Finally, using a lot of known evaluation measures, for
instance misclassification, the predicted values will be compared
to real value of test set.

5.1. Dataset

We used the dataset which was randomly collected from an
operator call-center’s database over a 12-month period. The dataset
contains 3150 customer data such as number of Call Failure
(CF), number of Complains (Co), Subscription Length (SL), Charge
Amount (CA), Seconds of Use (SU), Frequency of use (FU), Frequency
of SMS (FS), Distinct Calls Number (DCN), Age Group (AG), Type
of Service (TS), Status (St), and Churn (Ch). Obviously the class
attribute is Churn. Looking into data, we saw that there were 495
records with the class label churned and the rest, i.e. 2645 records,
were non-churned. For the sake of keeping our experiments in
proper randomization environment, for each single block we ran-
domly select 70% of dataset for training set and the rest for the
validation process, keeping the proportion the same. In another
word, our every single experiment was done by a training set with
347 records labeled churned and 1858 non-churned ones (totally
2645 records). Also all of this paper test process has been performed
by 148 churned and 347 not-churned classes (totally 495). By the
aforementioned process we prepared 5 blocks in order to run and
compare experiments.

5.2. Evaluation measures

In terms of binary classification there are known measures to
check the accuracy or performance of a classifier. They range from
as simple as accuracy or misclassification measures to precision
and recall which can show more insightful information about the
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Table 2
Confusion matrix, shown with totals for positive and negative tuples.
Predicted class Total
Yes No
A ldl Yes TS FN P
ctual class No FP ™ N
Total P N

performance of classifiers. Obviously there is not a better or more
eligible classifier for all the cases and a data mining practitioner
normally chooses one of them based on his/her needs. That is to
say, understanding different classifiers will make it easy to grasp
the meaning of the various measures. The following is the short
description for these known measures.

There are four terms better to be introduced in order to get famil-
iar with each measure in terms of both calculating and preference.
True positives (TS): refer to the positive tuples that were correctly
labeled by the classifier. Let TS be the number of true positives. True
negatives (TN): These are the negative tuples that were correctly
labeled by the classifier. Let TN be the number of true negatives.
False positives (FP): These are the negative tuples that were incor-
rectly labeled as positive. Let FP be the number of false positives.
False negatives (FN): These are the positive tuples that were mis-
labeled as negative. Let FN be the number of false negatives. The
terms are summarized in the confusion matrix of Table 2. More-
over, Egs. (6)-(10) respectively show the definitions for accuracy,
miscalculation, precision and recall measures.

Accuracy = H (6)
Missclasification = FIIZIi;N (7)
Precision = TPTi-fFP (8)
Recall = TPZipFN 9)
F-Score — Precision x Recall x 2 (10)

Precision + Recall

The accuracy and miscalculation of a classifier’s result on a given
test set are concerned with the percentage of test set tuples that are
correctly or incorrectly classified, whereas precision and recall are
known respectively as a measure of exactness and completeness. As
it mentioned before it is highly related to the case of classification to
opt for one of these measures. Since this paper classification is about
the question of predicting whether a customer churn or not in order
to make a decision about taking proper retention actions, in this

case, we argue that precision and recall are more eligible measures.
As it has been repeatedly mentioned in the literature, normally the
cost oflosing a valuable customer is far more than taking preventive
or retention actions. And since important and valuable customers
are normally taken into consideration of churn classifications, the
exactness and completeness of classification performance is of our
interest. In other words, if an actual non-churn is classified as churn
by the classifier it is not favorable but do not cause a big loss on
the other hand knowing an actual churn for a non-churn can bring
about a steep loss by relying on the outcome of the classifier. All
in all, to conform to this paper assumptions and case of study we
have used precision and recall measures in order to evaluate the
performance of every classifier in this paper.

53. DT

In order to examine the powerfulness or in other word respon-
siveness of decision trees dealing with churn classification problem
we tried to construct decision trees with most of available and fre-
quently in use software in data mining environment. We built the
following completed block design ANOVA (Table 3), first to exam-
ine the responsiveness of decision trees handling churn prediction
problem, and then to compare the current software. There are three
values for each cell in the ANOVA table which are respectively,
from the left, the value of recall (RE), precision (PR) measure and
misclassification (MI) for each decision tree run.

ANOVA completed block design results (Appendix A) for both
F-Score and Misclassification measures depicted that there is sig-
nificant different in performance of all decision trees. It means that
some of them have meaningfully done better job. WEKA (Random
Forest) shows to be the most responsive decision tree for churn pre-
diction. Although, MATLAB decision performance was not as good a
classifier as a few of the WEKA decision trees were, its performance
was acceptable and was among good ones.

5.4. ANN

In this paper, Artificial Neural Network is employed in quest
of identifying the best fitted network for the special characteris-
tics of churn prediction problem. This paper dataset comprises 12
attributes: 11 attributes are inputs and one of them (churn) is the
output. In order to find the best network for churn prediction pur-
pose we built both one hidden and two hidden layers networks
and observed their performances. For each and every number of
neurons in one hidden layer and also for each and every combi-
nation of the numbers for neurons in two-hidden-layers networks
we randomly prepared 10 new experiments (training and test set).

Table 3

Prediction experiments by decision trees.
Experiments 1 2 3 4 5

RE PR MI RE PR MI RE PR MI RE PR MI RE PR Ml

MATLAB 0.83 0.80 55 0.82 0.77 63 0.82 0.83 51 0.74 0.85 58 0.82 0.83 52
R (Part) 0.40 0.97 90 0.75 78 69 0.51 0.93 78 0.62 0.86 71 0.49 0.88 86
R (rparty) 0.78 0.75 71 0.77 0.73 76 0.77 0.73 76 0.8 0.72 74 0.67 0.83 68
WEKA (AD.Tree) 0.61 0.73 92 0.36 0.92 101 0.41 0.82 110 0.38 0.97 95 0.61 0.72 93
WEKA (BF.Tree) 0.79 0.86 52 0.75 0.84 58 0.77 0.86 58 0.81 0.93 38 0.76 0.78 66
WEKA (FT) 0.78 0.86 52 0.83 0.79 59 0.75 0.86 61 0.75 0.86 55 0.78 0.81 60
WEKA (J48) 0.83 0.80 57 0.85 0.77 61 0.71 0.90 61 0.78 0.92 41 0.77 0.87 52
WEKA (LADTree) 0.69 0.70 90 0.66 0.76 84 0.69 0.79 81 0.72 0.69 90 0.66 0.80 76
WEKA (LMT) 0.81 0.88 46 0.84 0.81 52 0.78 0.89 53 0.78 0.92 43 0.83 0.87 44
WEKA (NBTree) 0.77 0.83 59 0.81 0.77 62 0.67 0.93 59 0.69 0.78 62 0.71 0.88 58
WEKA (Random Forest) 0.79 0.90 45 0.83 0.90 41 0.81 0.94 39 0.83 0.91 38 0.81 0.89 44
WEKA (Random Tree) 0.75 0.79 68 0.82 0.82 55 0.79 0.85 56 0.75 0.87 54 0.76 0.83 60
WEKA (REPTree) 0.78 0.81 60 0.78 0.71 73 0.81 0.84 55 0.67 0.89 62 0.76 0.83 59
WEKA (Simple Cart) 0.85 0.85 46 0.75 0.87 55 0.83 0.88 45 0.78 0.93 42 0.83 0.80 57
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Table 4
F-Score results for the each number of neurons in one-hidden-layer networks.
N. neurons 1 2 3 4 5 6 7 8 9 10
F-Score 0.681 0.669 0.706 0.694 0.778 0.756 0.801 0.787 0.783 0.681
N. neurons 11 12 13 14 15 16 17 18 19 20
F-Score 0.829 0.811 0.799 0.834 0.835 0.833 0.788 0.839 0.845 0.835
Table 5
F-Score results for the each combination for the number of neurons in two-hidden-layer networks.
N. neurons 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 0.662 0.659 0.642 0.609 0.679 0.657 0.561 0.621 0.598 0.626 0.661 0.6 0.552 0.652 0.573
2 0.675 0.652 0.666 0.671 0.752 0.705 0.657 0.74 0.68 0.762 0.753 0.733 0733  0.659 0.745
3 0.675 0.697 0.671 0.703 0.747 0.783 0.743 0.727 0.702 0.76 0.773 0.783 0792  0.765 0.793
4 0.736 0.854 0.677 0.735 0.808 0.765 0.755 0.772 0.801 0.815 0.825 0.816 0.795 0.813 0.749
5 0.71 0.742 0.774 0.795 0.826 0.771 0.753 0.828 0.842 0.823 0.822 0.849 0.836 0.828 0.818
6 0.75 0.755 0.772 0.789 0.755 0.819 0.813 0.822 0.786 0.833 0.774 0.823 0.823 0.823 0.3
7 0.775 0.793 0.784 0.744 0.765 0.808 0.747 0.824 0.841 0.83 0.843 0.829 0.842 0.829 0.847
8 0.789 0.803 0.845 0.789 0.791 0.81 0.841 0.783 0.857 0.828 0.877 0.847 0.845 0.789 0.851
9 0.783 0.784 0.791 0.8 0.807 0.811 0.85 0.83 0.758 0.854 0.825 0.87 0.841 0.838 0.863
10 0.769 0.755 0.699 0.821 0.777 0.805 0.817 0.845 0.828 0.852 0.828 0.857 0.836  0.829 0.808
11 0.778 0.756 0.745 0.784 0.821 0.787 0.798 0.795 0.841 0.871 0.852 0.775 0.816 0.872 0.837
12 0.784 0.831 0.826 0.798 0.752 0.833 0.814 0.86 0.783 0.858 0.836 0.86 0.865 0.863 0.84
13 0.78 0.773 0.811 0.812 0.796 0.792 0.833 0.824 0.83 0.772 0.835 0.799 0.854 0.855 0.86
14 0.651 0.73 0.786 0.813 0.844 0.806 0.783 0.804 0.839 0.867 0.824 0.811 0.829 0.859 0.858
15 0.701 0.722 0.73 0.84 0.688 0.789 0.807 0.82 0.82 0.86 0.861 0.843 0.859 0.867 0.862
Table 6
KNN tuning.
1 2 3 4 5 6 7 8 9 10
Euclidean 0.5119 0.5119 0.4170 0.4170 0.3968 0.3695 0.3592 0.3362 0.2819 0.2489
City block 0.5544 0.5544 0.4981 0.4747 0.4615 04219 0.4351 0.4309 0.3821 0.3739
Cosine 0.7343 0.7343 0.7168 0.7189 0.7007 0.7119 0.7079 0.7113 0.7317 0.7234
Correlation 0.7178 0.7178 0.7247 0.7128 0.7083 0.7148 0.6920 0.7067 0.7298 0.7298
Tables 4 and 5 are the average F-Score measure for each 10 experi- Table 7 )
ences. SVM summary tuning.
Contemplating the outcome of aforementioned experiences we Kernel type Best F-Score Kernel params
can see that a net.work w1th two hidden l.ayer can by far outperform RBE 0.821 Sigma=0.498
a network with just one hidden layer since the best performance MLP 0.6618 P1=0.11,P2=-1.61
of two hidden layers by respectively, 8 and 11 neurons was 0.877 Polynomial 0.8383 Order=4

and the best performance of one hidden layer with 19 neurons was
0.845 (Tables 4 and 5).

5.5. KNN

The other data mining technique that has been applied to this
paper dataset is KNN. It is among those techniques which radically
needs beforehand tuning. The tuning parameters of KNN model
using cross-validation are presented in Table 6. This table reports
the F-Scores calculated using the number of neighbors and method
of distance calculation. The results showed that using cosine dis-
tance method along with 1 neighbor has led to the best F-Score
gained by KNN.

5.6. SVYM

As it mentioned before SVM has several parameters to be
tuned before final usage. So as to specify them, we applied cross-
validation tuning for SVM parameters. The best F-Score achieved by
SVM was 0.8383. The summary table for the final result of different
kernel on test data is shown in Table 7. Our experience proved that
the best tuning of parameter for this paper classification problem
is applying polynomial kernel with order of 4. This has been used,
from now on, whenever SVM is mentioned.

5.7. Comparison

So far we have introduced 4 different soft computing techniques
for churn prediction. Except for decision tree, other soft-computing
techniques’ demeanors were observed and consequently tuned to
be adapted to the spirit of churn prediction problem in their best
ways. This part of paper’s aim is to compare the performances and
the demeanors of all of them. Table 8 shows a complete block design
table in which all of the introduced soft computing techniques
results (F-Scores) for the aforementioned blocks are presented.
Except for block 3 in which SVM has slightly outperformed ANN,
it has been ANN that has had the best results. Tables 9 and 10
are respectively summary and the ANOVA complete block design
analysis result for the techniques. The ANOVA results (Table 10)
as it could be predicted, have rejected the hypothesis that the

Table 8

Complete block design table for comparison between DT, ANN, KNN and SVM.
Experiment 1 2 3 4 5
Best DT 0.843 0.824 0.831 0.844 0.849
ANN 0.881 0.871 0.857 0.851 0.851
KNN 0.723 0.742 0.744 0.763 0.773
SVM 0.806 0.831 0.860 0.823 0.823
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Table 9

Summary for Table 8.
Summary Count Sum Average Variance
Best DT 5 4.191 0.8382 0.000107
ANN 5 4311 0.8622 0.000177
KNN 5 3.745 0.749 0.000381
SVM 5 4.143 0.8286 0.000391

performances of different techniques approaching churn predic-
tion are similar (p-value « 0.05). Furthermore, if we are to compare
the experience techniques so as to choose the best one, we simply
see the Average and variance results of each technique. One may
rank these techniques by the value of average (descending) and by
the value of variance (ascending) respectively as follows: for Aver-
age: ANN, Best DT, SVM and KNN. For variance: Best DT, ANN, KNN,
and SVM. Because of KNN the worse Validity (lower average) and
its undesirable reliability (3rd variance) it is not being chosen as
the best technique is beyond doubt. The value of Best DT’s variance
indicates its best reliability among the other techniques. Never-
theless because of its lower value of average comparing to ANN,
which shows less validity, it simply cannot be chosen as the best
technique. Although Best DT and SVM had performed roughly the
same, the Best DT’s value of variance is much more desirable. All
in all, in view of the highest accuracy of ANN and its acceptable
variance value among the others, ANN can be chosen as the best
techniques among the others.

As it was implicitly mentioned, Best DT was the second best
techniques. Due to the fact that this paper computation is mostly
based on MATLAB software and the best DT (WEKA-Random For-
est) was one of the decision trees in WEKA software, from now on
in this paper DT’s results are actually the ones calculated by MAT-
LAB. Fig. 4 is another behavior comparison of DT and ANN. In this
plot, although DT shows to have a less variable demeanor (lower
variance - better reliability), ANN obviously has outperformed DT.
There are two other points about the plot in Fig. 4. First, due to
the little growth in classifiers’ accuracy, it seems unnecessary for
both ANN and DT to have their train set proportion raised more
than 0.7. Furthermore, the value of 0.6 for F-Score with the 0.05
proportion of train set seems to be a little bit unreasonable. Our
further experiences showed that this peculiarity is actually because
of the special nature of churn data. Not only for this paper data set
but also for nearly all the other churn data the proportion of the

Table 11

Features abbreviations.
Number of fail calls CF Frequency of use FU
Complaints Co Frequency of SMS FS
Subscription length SL Distinct call numbers DCN
Charge amount CA Age group AG
Second of use SuU Type of service TS
Status St

churned customer is considerably lower than non-churned ones
(in this paper case, churn proportion is 19%). This paper proposed a
methodology that has actually taken the advantage of this speciality
of churn problems to come up with the more accurate methodology
to approach churn prediction.

5.8. Feature extraction

The matter of finding out which features in a database are the
most influential is an important part of any data mining task. There
are different techniques and approaches for such matter: [52,53].
However since such statistical approach was already tried on this
dataset, see [54], we introduced a new and more practical method of
dimension reduction. This paper data set consisted of 11 features.
These features and their abbreviations are shown in Table 11. In
order to extract more important features we used a new methodol-
ogy which proved to be effective for distinguishing more influential
features in such processes. We ran DT classifier with 2048 set of
different features, that is, every single possible set of features was
experienced. For example CF (Call Failure) features was used for
classification process once just by itself, and 10 other times along
with the other 10 features and other times along with every possi-
ble set of other features. In order to eliminate the random error we
run the algorithm 10 times for each 2048 sets of features and then
we calculated the average value of 10 F-Scores’ value for further
analysis. Note that for the feature extraction process, we opted to
use DT because it had shown to be the swiftest classifier. Although
we ourselves in this paper have shown that the kind of classifier
we use can make a difference in the result, here we do not concern
about how accurate the classifier is. Here, in feature extraction, the
only thing that matters is how much a well-chosen set of features
can lead to improvements. Table 12 shows the order of features
ranked by their influences after applying the explained methodol-

Table 10
ANOVA complete block design result for Table 8.
Source of variation SS df MS F p-Value F
Treatments 0.03613 3 0.012043 36.96846 2.43E-06 3.490295
Blocks 0.000313 4 7.84E-05
Error 0.003909 12 0.000326
Total 0.033585 19
1
e
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Fig. 4. Plot of F-score versus train set proportion (DT-MATLAB and ANN).
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Table 12
Feature extraction - sets of one feature.
Fe Number Sum Average
1 FU 1024 725.8586 0.708846
2 Co 1024 722.621 0.705685
3 SuU 1024 719.3543 0.702494
4 St 1024 707.559 0.690976
5 SL 1024 702.5501 0.686084
6 DCN 1024 699.0004 0.682618
7 AG 1024 693.7532 0.677493
8 CF 1024 690.6193 0.674433
9 FS 1024 688.2293 0.672099
10 CA 1024 682.9907 0.666983
11 TS 1024 671.0787 0.65535
Table 13

Feature extraction - top ten with maximum average among set of 1-6 features (total
number of features set is 1485).

Fel Fe2 Fe3 Fe4 Fe5 Fe6 Number Sum Average
1 Co SL SU DCN AG St 32 25.99895 0.812467
2 Co SL SU FU AG St 32 25.98944 0.81217
3 CF Co SL SuU AG St 32 25.85625 0.808008
4 CF Co SL FU AG St 32 25.84574 0.807679
5 Co SL FU DCN AG St 32 25.83967 0.80749
6 Co SL SU FU DCN AG 32 25.76135 0.805042
7 CF Co SL SU FU AG 32 25.72194 0.803811
8 Co SL SU FU DCN St 32 25.69614 0.803004
9 CF Co SL SuU FU St 32 25.68352 0.80261
10 CF Co SL SuU DCN St 32 25.64151 0.801297

ogy. On the contrary of what we had anticipated Frequency of use,
number of complains and second of use stood as the most influen-
tial features. On the other hand charge amount and total number of
Call Failure were recognized as the least influential of all. In another
study, [54], on the same data set, the hypothesis that subscription
length, distinct call numbers, and type of service are mediators fea-
ture in the proposed model was rejected. Except for type of service
which we have also recognized it as the least unimportant of all, the
other two did not stand too unimportant a feature in our experience
anyway.

In order to extract more interesting insights we calculated the
average influences for set of 2-6 features. Table 13 represents the

6. Proposed methodology

So far we have discussed and experienced 4 prominent data
mining classification techniques and all of them showed different
demeanors. It was mentioned earlier that the proportion of churn
datais usually too small for a train-set system. As it was seen earlier
in the plot presented in Fig. 4 DT or ANN performances did not drop
dramatically by decreasing the train-set proportion of data. There-
fore, here in the proposed methodology we have come up with the
idea of using all of 4 experienced classifiers to make a better and
more accurate hybrid classifier. One can see the general idea behind
our proposed methodology by contemplating Fig. 5.

As it is shown in Fig. 5, the 4 classifiers, which we call interior
classifier, are used to build the new one. Additionally, although in
this figure the train set for the new classifier has been divided into 4
equal pieces, the proposed methodology itself justifies the propor-
tion of these pieces automatically. Thus, the overall strategy behind
our proposed methodology is clear. Apart from justifying the train-
set division, and since there are going to be four different opinions
about each of test-set records (4 interior classifiers), we needed to
use a technique which could make the new classifier able to decide
about its final decision by consolatory from the four interiors. We
opt for a simple score-base technique. The technique is simple, after
all four interior classifiers have drawn their decision about a cus-
tomer (churn 0, not churn 1), each interior classifier score will be
multiplied with their decisions and finally if the summation of these
multiplications is bigger than the half of the overall scores, which
had been assigned for each interior classifier, the classifier decision
will be churn. So as to assign a score to every interior classification
we used our experiences. Table 14 shows the procedure for score
assignment. In this table except for average, variance and scores
columns there are two other important columns named validity
and reliability. The value of validity and reliability columns is cal-
culated respectively to the average and variance columns. Unlike
reliability and variance, for validity and average, the higher value of
average leads to the higher value of validity. Finally, the scores col-
umn is calculated using both validity and reliability columns. The
calculation performed for the results presented in Table 14 is done
using Egs. (11)-(13). However, in Eq. (13) a Ceiling Function with
the significance of 0.01 has been used and that means the outcome
of the fraction will be rounded up.

A

1
Va; = (11)
top ten most influential set of features. All of the top ten sets of fea- N Al
feature might become influential. However, to check the results of Vi 12
g . ) Re,» = V ( )
most influential set of 2-6 features see Appendix B. § i
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Fig. 5. Proposed methodology.
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Table 14
Scores assignment.
Count Sum Average (A) Variance (V) Validity (Va) Reliability (Re) Scores (S;)
DT 5 4.050072 0.810014 0.000268 0.249249 0.259929 2.5
ANN 5 4311 0.8622 0.000177 0.265307 0.284853 2.8
KNN 5 3.745 0.749 0.000381 0.230475 0.228978 2.3
SVM 5 4.143 0.8286 0.000391 0.254968 0.226239 2.4
Sum 1 1 10
Table 15
Proposed methodology outcome with ¢ variation.
® 0.5 0.7 0.9 1
RE PR ES RE PR RE PR FS RE PR ES
Block 1 0.317 1 0.482 0.662 0.837 0.739 0.709 0.847 0.772 0.797 0.837 0.817
Block 2 0.290 1 0.450 0.635 0.969 0.767 0.689 0918 0.787 0.790 0.921 0.851
Block 3 0.378 1 0.549 0.736 0.893 0.807 0.770 0.877 0.82 0.898 0.887 0.893
Block 4 0.385 1 0.556 0.662 0.961 0.784 0.757 0.941 0.839 0.817 0.864 0.84
Block 5 0.263 0.928 0.41 0.641 0.896 0.748 0.655 0.851 0.740 0.790 0.847 0.818
® 1.25 1.5 1.8 22
RE PR FS RE PR RE PR FS RE PR FS
Block 1 0.824 0.797 0.811 0.824 0.797 0.811 0.844 0.801 0.822 0.966 0.821 0.888
Block 2 0.878 0.769 0.820 0.878 0.769 0.820 0.891 0.771 0.827 0.966 0.773 0.859
Block 3 0.912 0.808 0.857 0.912 0.808 0.857 0.932 0.811 0.868 0.98 0.784 0.871
Block 4 0.858 0.765 0.809 0.858 0.765 0.808 0.878 0.769 0.82 0.966 0.748 0.844
Block 5 0.905 0.779 0.837 0.905 0.779 0.837 0.926 0.783 0.848 0.979 0.784 0.871
S. — Ceili Re; + Va; of the blocks, except for block 5, precision values are 1 which means
; = Ceiling (| ————, 0.01 (13) . .
2 every single customer who has been labeled churn by the classi-
fier was actually churn. Moreover, by the value of 2.2 for ¢, all of
Zisi the blocks recall values are bigger than 0.96, which is a reasonably
E Si X Di X ¢ = 1 . , .
2 high accuracy, and the F-Scores’ value is by far the best compar-
Dpy = ! (14) ing to the other values assigned to ¢. In order to compare the best

S;
ZS,‘ X Di X d) < 21 0
i

Eq. (14)is the main equation of our proposed methodology. Except
for the notation that was introduced in Table 14, there are some
notations which needs clarification. First, i is the index for differ-
ent methods and can have up to four different values: DT, ANN,
KNN and SVM. Second, D; is a binary variable and is the decision
based on the technique i we would have made. Needless to say that
Dpy is the decision that the proposed methodology will result in.
Last but not least is ¢ which is the methodology behavior variable.
It can alter between 1/2 and ) _S;/(2 x Min(S;)). As one can see in
the equation, it will be multiplied by the summation and will jus-
tify the results before the comparison with »"S;/2. If we choose
1/2 for ¢, the classifier will decide in favor of churn only if all of
the interior classifiers have voted for churn. On the other hand,
if we choose >S;/2 x Min(S;) for ¢, the classifier will distinguish
the customer as churn only if at least one of the interior classifiers
has known the case as churn. By manipulation of this variable one
can decide how the algorithm approach would be. As explained, it
can be strict and decide on being churn only after all of the four
interiors have decided on being churn, or it can be less strict by
deciding on churn if only one of them has decided on being churn.
Both of these extreme ends can be used for different situations in
real world. For instance, the former is usable for the cases that our
retention scheme is expensive and we would only want to spend
that kind of money on valuable customers who are definitely going
to churn.

Table 15 shows the results for the proposed methodology.
There are some noteworthy points about this table. First, as it was
previously implied the Precision and recall Values showed to be
considerably adjustable by ¢ alteration. By the value of 0.5 for ¢ all

Ny

interior classifier, ANN, and the best F-Score values in Table 15, in
which ¢ =2.2, we performed a t-test. The p-value of 0.509 for this
test showed that there is not a considerable difference between
the performance of ANN and this proposed methodology. Never-
theless, as it was shown, the proposed methodology precision and
recall values can be adjusted to be near perfect.

7. Conclusion and future research

In this paper we experienced four prominent classification
techniques using an Iranian telecommunication company dataset.
Artificial Neural Network (ANN) significantly outperformed the
otherthree, namely K-Nearest Neighbors (KNN), Decision Tree (DT),
and Support Vector Machine (SVM). Moreover, we have proposed
a hybrid methodology in whose system all of the four aforemen-
tioned techniques are employed. It was shown that using the
proposed technology a telecommunication company can gain a
considerably higher than 95% accuracy for both Precision and Recall
measures. Tables 16 and 17 enunciate the superiority of the hybrid
methodology over the other four classifiers. Although it was seen
that gaining a remarkably good Precision means a low Recall mea-
sure and vice versa, the proposed methodology has the capability

Table 16
Comparing recall value of hybrid methodology.
1 2 3 4 5

Best DT 0.787 0.834 0.814 0.828 0.809
ANN 0.908 0.891 0.869 0.874 0.869
KNN 0.706 0.725 0.727 0.748 0.743
SVM 0.923 0.932 0.912 0.931 0.939
Best hybrid methodology 0.966 0.966 0.98 0.966 0.979
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Table 17
Comparing precision value of hybrid methodology.
1 2 3 4 5

Best DT 0.903 0.901 0.936 0.914 0.895
ANN 0.857 0.852 0.845 0.823 0.838
KNN 0.741 0.76 0.762 0.780 0.809
SVM 0.715 0.761 0.813 0.734 0.731
Best hybrid methodology 1 1 1 1 0.928

which makes the user able to decide whether better Precision, or
better Recall, is desired. Apart from that, the proposed methodol-
ogy performance, if it is measured by F-Score, was equivalent to
ANN that was the best interior classifier.

Additionally, we introduced a new dimensionality reduction
methodology so as to extract the most influential set of features.
Frequency of use, total number of complaints, and seconds of use
were shown to be the influential ones. Also on the contrary of the
previous study on the same data set, we showed that frequency of
SMS, charge amount and type of service were the least influential
ones. Finally it can be concluded that the high value of Recall and
Precision obtained by the hybrid methodology is due to the appli-
cation of four different insights, four different classifiers. Not only
this paper methodology for churn analysis can be used by telecom-
munication companies seeking for an accurate prediction, it can
also be tested in other areas of business which deals with everyday
customers. The analogy for this paper is the idea of four different
experts (classifiers) expressing their opinions; so one researcher
may approach this paper model by fuzzy logic for a decision-making
procedure.

Appendix A.

See Tables 18-23.

Table 18
Complete block design ANOVA for the performance of different decision trees using
F-Score measure.

Experiment 1 2 3 4 5

MATLAB 0.814 0.794 0.824 0.791 0.824
R (Part) 0.566 0.765 0.659 0.720 0.629
R (rparty) 0.765 0.749 0.749 0.758 0.741
WEKA (AD.Tree) 0.664 0.517 0.547 0.546 0.660
WEKA (BF.Tree) 0.823 0.792 0.812 0.865 0.769
WEKA (FT) 0.818 0.809 0.801 0.801 0.795
WEKA (J48) 0.815 0.808 0.794 0.844 0.816
WEKA (LADTree) 0.695 0.706 0.737 0.704 0.723
WEKA (LMT) 0.843 0.824 0.831 0.844 0.849
WEKA (NBTree) 0.798 0.789 0.779 0.732 0.785
WEKA (Random Forest) 0.841 0.863 0.870 0.868 0.848
WEKA (Random Tree) 0.769 0.82 0.819 0.805 0.793
WEKA (REPTree) 0.795 0.743 0.825 0.764 0.793
WEKA (Simple Cart) 0.85 0.805 0.854 0.848 0.815

Table 19
Completed block design ANOVA (summary) — decision trees — F-Score.

Summary Count Sum Average Variance
MATLAB 5 4.050072 0.810014 0.000268
R (Part) 5 3.339909 0.667982 0.006

R (rparty) 5 3.763001 0.7526 7.95E-05
WEKA (AD.Tree) 5 2.935319 0.587064 0.004888
WEKA (BF.Tree) 5 4.064216 0.812843 0.001297
WEKA (FT) 5 4.024756 0.804951 8.11E-05
WEKA (J48) 5 4.077724 0.815545 0.000339
WEKA (LADTree) 5 3.566033 0.713207 0.000275
WEKA (LMT) 5 4.19342 0.838684 0.000105

Table 19 (Continued)

Summary Count Sum Average Variance
WEKA (NBTree) 5 3.885401 0.77708 0.00068

WEKA (Random Forest) 5 4.291454 0.858291 0.000164
WEKA (Random Tree) 5 4.007398 0.80148 0.000438
WEKA (REPTree) 5 3.920746 0.784149 0.000974
WEKA (Simple Cart) 5 4.17297 0.834594 0.000513

Table 20
Completed block design ANOVA - decision trees — F-Score.

Source of SS df MS F p-Value  Fcrit
variation
Decision Trees  0.358103 13 0.027546 22.44405 7.91E-17 1.913455

Blocks 0.000587 4 0.000147 0.11947 0.974968
Error 0.063822 52 0.001227
Total 0.422511 69

Table 21

Complete block design ANOVA for the performance of different decision trees using
Misclassification.

Experiment 1 2 3 4 5
MATLAB 55 63 51 58 52
R (Part) 90 69 78 71 86
R (rparty) 71 76 76 74 68
WEKA (AD.Tree) 92 101 110 95 93
WEKA (BF.Tree) 52 58 58 38 66
WEKA (FT) 52 59 61 55 60
WEKA (J48) 57 61 61 41 52
WEKA (LADTree) 90 84 81 90 76
WEKA (LMT) 46 52 53 43 44
WEKA (NBTree) 59 62 59 62 58
WEKA (Random Forest) 45 41 39 38 44
WEKA (Random Tree) 68 55 56 54 60
WEKA (REPTree) 60 73 55 62 59
WEKA (Simple Cart) 46 55 45 42 57

Table 22

Completed block design ANOVA (summary) — decision trees — misclassification.
Summary Count Sum Average Variance
MATLAB 5 279 55.8 23.7
R (Part) 5 394 78.8 83.7
R (rparty) 5 365 73 12
WEKA (AD.Tree) 5 491 98.2 55.7
WEKA (BF.Tree) 5 272 54.4 108.8
WEKA (FT) 5 287 57.4 14.3
WEKA (J48) 5 272 54.4 69.8
WEKA (LADTree) 5 421 84.2 36.2
WEKA (LMT) 5 238 476 21.3
WEKA (NBTree) 5 300 60 3.5
WEKA (Random Forest) 5 207 414 9.3
WEKA (Random Tree) 5 293 58.6 32.8
WEKA (REPTree) 5 309 61.8 45.7
WEKA (Simple Cart) 5 245 49 43.5

Table 23
Completed block design ANOVA - decision trees — misclassification.

Source of SS df MS F
variation

p-Value  Fcrit

Decision trees  15,974.24 13 1228.788 32.66048 2.09E-20 1.913455

Blocks 284.8 4 71.2 1.892456 0.125681
Error 19564 52 37.62308
Total 18,215.44 69
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See Tables 24-28.
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Table 24
Feature extraction - sets of two features.
Fe 1 Fe 2 Number Sum Average
1 Co FU 512 380.9361 0.744016
2 Co SU 512 377.0122 0.736352
3 FU St 512 376.5365 0.735423
4 Co St 512 375.0804 0.732579
5 su St 512 374.5311 0.731506
6 FU AG 512 374.3681 0.731188
7 SL FU 512 374.1209 0.730705
8 SU FU 512 372.4886 0.727517
9 SL SU 512 371.9856 0.726534
10 Co SL 512 371.8025 0.726177
11 CF FU 512 371.7391 0.726053
12 SU AG 512 371.4803 0.725548
13 Co AG 512 371.3476 0.725288
14 Co DCN 512 370.167 0.722982
15 SL St 512 369.1976 0.721089
16 FU FS 512 368.6413 0.720003
17 CF SU 512 368.5819 0.719886
18 CA FU 512 368.3515 0.719436
19 FU DCN 512 368.1364 0.719016
20 DCN St 512 366.6653 0.716143
21 CF Co 512 366.4885 0.715798
22 SU DCN 512 366.2183 0.71527
23 Co CA 512 365.2672 0.713413
24 Co FS 512 364.5545 0.712021
25 CA SU 512 364.0862 0.711106
26 SL DCN 512 363.7678 0.710484
27 SL AG 512 363.7069 0.710365
28 SU FS 512 363.3403 0.709649
29 FU TS 512 363.1088 0.709197
30 AG St 512 362.2521 0.707524
31 CF St 512 361.8828 0.706802
32 DCN AG 512 361.582 0.706215
33 Co TS 512 361.389 0.705838
34 CF SL 512 360.2547 0.703622
35 FS St 512 360.0698 0.703261
36 SU TS 512 359.9179 0.702965
37 SL FS 512 359.4622 0.702075
38 CF AG 512 356.3965 0.696087
39 SL CA 512 356.3791 0.696053
40 CF DCN 512 356.2981 0.695895
41 FS DCN 512 356.1689 0.695642
42 CA St 512 355.2861 0.693918
43 CA DCN 512 354.4789 0.692342
44 FS AG 512 354.056 0.691516
45 TS St 512 353.9038 0.691218
46 CA AG 512 351.8454 0.687198
47 CF CA 512 351.6518 0.68682
48 SL TS 512 351.443 0.686412
49 CF FS 512 351.2325 0.686001
50 CA FS 512 349.9558 0.683507
51 DCN TS 512 349.6551 0.68292
52 AG TS 512 347.0557 0.677843
53 CF TS 512 345.491 0.674787
54 FS TS 512 344.1315 0.672132
55 CA TS 512 341.6556 0.667296
Table 25
Feature extraction - sets of three features.
Fe 1 Fe 2 Fe3 Number Sum Average
1 CF SuU FS 256 196.5769 0.767878
2 CF CA St 256 195.9482 0.765423
3 CF CA DCN 256 194.9184 0.7614
4 CF Co SU 256 194.7285 0.760658
5 CF CA FU 256 194.0358 0.757952
6 CF SL TS 256 193.7185 0.756713
7 CF Co CA 256 193.7131 0.756692
8 CA FS St 256 193.4997 0.755858
9 Co SL TS 256 193.2649 0.754941

Table 25 (Continued)

Fe 1 Fe 2 Fe 3 Number Sum Average
10 Co SL FS 256 193.2363 0.754829
11 Co CA SuU 256 192.9846 0.753846
12 SL Su ES 256 192.848 0.753312
13 CF Co TS 256 192.8413 0.753286
14 CF FU AG 256 192.6489 0.752535
15 CF CA TS 256 192.4778 0.751866
16 Co SL SuU 256 192.4297 0.751678
17 SL TS St 256 192.4017 0.751569
18 FU TS St 256 192.3593 0.751403
19 CF SL CA 256 192.2544 0.750994
20 CF CA AG 256 191.8955 0.749592
21 CF AG St 256 191.8831 0.749543
22 SU FU DCN 256 191.5953 0.748419
23 CF Co DCN 256 191.4551 0.747872
24 CA FS TS 256 191.4283 0.747767
25 SL CA St 256 191.3618 0.747507
26 SL FU St 256 191.2842 0.747204
27 CF CA SU 256 191.2801 0.747188
28 FU AG TS 256 191.1021 0.746493
29 FU DCN AG 256 190.8747 0.745604
30 CF Co FS 256 190.7395 0.745076
31 SU FU FS 256 190.6273 0.744638
32 CF SuU FU 256 190.5706 0.744417
33 CF FU St 256 190.5579 0.744367
34 CF FU FS 256 190.4609 0.743988
35 SL AG TS 256 190.453 0.743957
36 SL FU AG 256 190.4329 0.743879
37 Co SU FU 256 190.2399 0.743125
38 FU FS TS 256 190.0381 0.742336
39 CF Co St 256 190.0075 0.742217
40 SL DCN AG 256 189.7931 0.741379
41 CA AG St 256 189.7769 0.741316
42 SL DCN TS 256 189.7699 0.741289
43 Co SL DCN 256 189.5338 0.740366
44 Co SL CA 256 189.3992 0.73984
45 SL FU ES 256 189.3064 0.739478
46 SL FS TS 256 189.2802 0.739376
47 Co SL AG 256 189.2656 0.739319
48 CF SL St 256 189.1723 0.738954
49 Co FS St 256 189.1093 0.738708
50 Co SU DCN 256 189.0987 0.738667
51 Co FS AG 256 189.0562 0.738501
52 SU TS St 256 188.9362 0.738032
53 CF FS TS 256 188.8225 0.737588
54 CF SU St 256 188.7614 0.737349
55 CF CA ES 256 188.5879 0.736671
56 CA FS DCN 256 188.5861 0.736665
57 Co SU TS 256 188.5238 0.736421
58 SU FS St 256 188.5159 0.73639
59 CA SU FU 256 188.3462 0.735727
60 CA DCN St 256 188.181 0.735082
61 SL CA TS 256 188.1162 0.734829
62 SL SU St 256 188.0858 0.73471
63 Co CA TS 256 188.0424 0.734541
64 CF SL AG 256 188.0144 0.734431
65 Co FU TS 256 187.9779 0.734289
66 SU FS AG 256 187.8929 0.733957
67 CF Co SL 256 187.7269 0.733308
68 CA FU AG 256 187.6651 0.733067
69 CF Co FU 256 187.6551 0.733028
70 CF FS AG 256 187.5578 0.732648
71 CF FS DCN 256 187.5517 0.732624
72 SL CA AG 256 187.4301 0.732149
73 CF TS St 256 187.4222 0.732118
74 SL FS DCN 256 187.3917 0.731999
75 SL SuU AG 256 187.3234 0.731732
76 SL AG St 256 187.2789 0.731558
77 Co FU DCN 256 187.2567 0.731471
78 Co SL St 256 187.1747 0.731151
79 CF SL FS 256 187.1683 0.731126
80 FU DCN St 256 186.9563 0.730298
81 Co CA AG 256 186.8406 0.729846
82 CF SU AG 256 186.785 0.729629
83 CA DCN TS 256 186.7809 0.729613
84 CF SL FU 256 186.7688 0.729566
85 FU DCN TS 256 186.7158 0.729359
86 CF SU DCN 256 186.6797 0.729217
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Table 25 (Continued)

Fe 1 Fe 2 Fe3 Number Sum Average Fe 1 Fe 2 Fe3 Number Sum Average
87 Co FU St 256 186.6692 0.729177 164 FS DCN St 256 175.639 0.68609
88 FU FS AG 256 186.4875 0.728467 165 Co DCN St 256 174.988 0.683547
89 SL SU FU 256 186.3471 0.727918
90 Co FS DCN 256 186.2766 0.727643
91 SU FS TS 256 186.2331 0.727473 Table 26
92 SL FS AG 256 186.1726 0.727237 Feature extraction - top ten with maximum average influence sets of four features.
93 Co SL FU 256 186.0784 0.726869
94 DCN  AG TS 256 1860059  0.726586 Fel Fe2 Fe3 Fe4 Number Sum Average
95 SU FU St 256 185.9973 0.726552 1 Co SL FU AG 128 100.274 0.78339
96 CF Co AG 256 185.9501 0.726368 2 Co SL FU St 128 100.1265 0.782238
97 FU AG St 256 185.94 0.726328 3 Co SL SU St 128 99.97759  0.781075
98 SL FU TS 256 185.8636 0.72603 4  Co FU AG St 128 99.91599  0.780594
99 CF FU TS 256 185.7027 0.725401 5 Co SL SU AG 128 99.85633 0.780128
100 FU FS DCN 256 185.4229 0.724308 6 Co SuU FU St 128 99.81065  0.779771
101 CA ES AG 256 185.2848 0.723769 7 CF Co FU St 128 99.58711  0.778024
102 CA SuU AG 256 185.256 0.723656 8 Co SuU FU AG 128 99.43807 0.77686
103 DCN TS St 256 185.1138 0.723101 9 CF Co FU AG 128 99.27647  0.775597
104 CF FU DCN 256 185.1113 0.723091 10 Co FU DCN St 128 99.25348  0.775418
105 Co FU FS 256 185.0102 0.722696
106 SuU FU TS 256 184.9801 0.722578
107 Co CA FS 256 184.8921 0.722235 Table 27
108 CF AG TS 256 184.8915 0.722232 Feature extraction - top ten with maximum average influence sets of five features.
109 Co SU AG 256 184.6761 0.721391
110 Co CA FU 256 184.5976 0.721084 Fel Fe2 Fe3 Fe4 Fe5 Number Sum Average
11 FU FS St 256 184.3899  0.720273 1 C SL FU AG St 64 5112456  0.798821
112 SL Fs St 256 1843349 0.720058 2 C SL SU AG St 64 51.08254  0.798165
113 SL U DEN 256 184.2673  0.719794 3 C SL SU FU AG 64 51.01878  0.797168
114 Co FS s 256 184.2463  0.719712 4 C SL SU FU St 64 5095235  0.796131
115 CA DCN AG 256 184.1893 0.719489 5 Co SL su DCN St 64 50.90555 0795399
16 CF SL U 256 1841844 0.71947 6 CF C SL FU AG 64 50.79088  0.793608
117 SL DCN St 256 184.1417 0.719304 7 CF Co SL FU st 64 5074832  0.792943
118 CF DCN AG 256 183.9777 0.718663 8 Co SL su DCN  AG 64 5070897  0.792328
19 sL CA SU 256 183.886 0.718305 9 CF C SL SU AG 64 5070111  0.792205
120 CF DEN- TS 256 1838728 0.718253 10 Co SL FU DCN AG 64 5069537 0792115
121 FS AG St 256 183.8704 0.718244
122 Co SU St 256 183.6188 0.717261
123 CA su St 256 183.5885 0717142 Table 28
124 cA su FS 256 183.5821 0.717118 Feature extraction - top ten with maximum average influence sets of six features.
125 CA FU TS 256 183.3996 0.716405
126 CA AG TS 256 183.2571 0.715848 Fel Fe2 Fe3 Fed4 Fe5 Fe6 Number Sum Average
}3; IS__IS' E\Ié ,]?SCN igg }2;5;;8 g;}zgg; 1 Co SL SuU DCN AG St 32 25.99895 0.812467
129 cA TS St 256 182.7659 0.713929 2 Co SL SU FU AG St 32 25.98944 0.81217
130 CF SL DCN 256 182.692 0.713641 3 CF Co SL SuU AG St 32 25.85625 0.808008
131 Co AG st 256 182.6434 0.713451 4 CF Co SL FU AG St 32 25.84574 0.807679
132 su FU AG 256 182.6375 0.713428 5 Co SL FU DCN AG St 32 25.83967 0.80749
133 CF su TS 256 182.2732 0.712005 6 Co SL SU FU DCN AG 32 25.76135 0.805042
134 Co FU AG 256 182.1831 0.711653 7 CF Co SL SuU FU AG 32 25.72194 0.803811
135 CF ES st 256 182.1336 0.711459 8 Co SL SuU FU DCN St 32 25.69614 0.803004
136 Co cA st 256 181.9683 0.710813 9 CF Co SL SU FU St 32 25.68352 0.80261
137 Co su FS 256 181.9304 0710666 10 CF Co SL SU DCN St 32 25.64151 0.801297
138 SL CA ES 256 181.7523 0.70997
139 SL SU TS 256 181.6999 0.709765
140 Su AG St 256 181.4493 0.708786 References
141 CA FU St 256 181.1911 0.707778
142 AG TS St 256 181.0155 0.707092 [1] X.Zhang,].Zhu,S. Xu, Y. Wan, Predicting customer churn through interpersonal
143 CA FU DCN 256 180.8782 0.706556 influence, Knowl.-Based Syst. 28 (2012) 97-104.
144 Co AG TS 256 180.769 0.706129 [2] S.C.Lin, CH.Tung, N.Y.Jan, D.A. Chiang, Evaluating churn model in CRM: a case
145 FS DCN TS 256 180.7535 0.706068 study in Telecom, J. Converg. Inf. Technol. 6 (2011) 192-200.
146 su DCN st 256 180.6309 0.705589 [3] B: HL{ang, M.T. Kechadi, B. lfugcé(l(ez)s1C2L;sltzr1n4er1c‘{12u;n prediction in telecommu-
147 sU DCN TS 256 1805589 0.705308 Nications, Expert Syst. Appl. -1425. o
48 Co DN AG 256 1804659 0704945 A Eharn prediction n theelecommunication sector:  proft driven data mining
149 FS DCN - AG 256 1803913 0.704653 approach, Eur. J. Oper. Res. 218 (2012) 211-229.
150 sU ES DCN 256 180.1884 0.703861 [5] H.M. Kuo, C.W. Chen, A novel viewpoint on information and interface design
151 CA FU ES 256 180.062 0.703367 for auction web sites, Hum. Factors Ergon. Manuf. Serv. Ind. 22 (2012) 287-295.
152 Co CA DCN 256 179.7506 0.702151 [6] A. Keramati, R. Jafari-Marandi, Webpage clustering - taking the zero step: a
153 Co DCN TS 256 179.2518 0.700202 case study of an Iranian website, ]. Web Eng. 13 (2014).
154 SU DCN AG 256 178.2996 0.696483 [7] Y. Sekercioglu, A. Pitsillides, A. Vasilakos, Computational intelligence in man-
155 DCN AG St 256 178.2952 0.696466 agement of ATM networks, Soft Comput. 5 (2001) 257-263.
156 CF DCN St 256 178.2535 0.696303 [8] A. Azadeh, S. Asadzadeh, R. Jafari-Marandi, S. Nazari-Shirkouhi, G. Baharian
157 ES TS St 256 178.2299 0.696211 Khoshkhou, S. Talebi, A. Naghavi, Optimum estimation of missing values in
158 CA su DCN 256 178.0927 0.695675 randomized complete block design by genetic algorithm, Knowl.-Based Syst.
159 SL A DeN 256 177.7278 0.694249 [9] 57\(/503323751217)}1ity analysis and robustness design of nonlinear systems: an
160 co s St 256 177.3118 0.692624 NN-based approach, Appl. Soft Comput. 11 (2011) 2735-2742.
161 CA SU TS 256 177.0285 0.691518 S .
162 oL cA U 556 176.0162 0.687563 [10] C.-w. Chen', Appllcatlon of fuzzy-model-based coptrol to nonlinear structural
: : systems with time delay: An LMI method, ]J. Vibr. Control 16 (11) (2010)
163 SuU AG TS 256 175.8944 0.687087
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