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Abstract 

Telecommunication customer churn is considered as a major cause for 

dropped revenue and customer baseline of voice, multimedia and broadband service 

provider. There is strong need on focusing to understand the contributory factors of 

churn. Now considering factors from data sets obtained from Pakistan major telecom 

operators are applied for modeling. On the basis of results obtained from the optimal 

techniques, comparative technical evaluation is carried out. This research study is 

comprised mainly of the proposition of conceptual frame work for telecom customer 

churn that leads to the creation of predictive model. This is trained tested and 

evaluated on given data set taken from Pakistan Telecom industry that has provided 

accurate & reliable outcomes. Out of four prevailing statistical and machine learning 

algorithm, an artificial neural network is declared the most reliable model, followed 

by a decision tree. The logistic regression is placed at the last position by considering 

the performance metrics like accuracy, recall, precision and ROC curve.  The results 

from research has revealed main parameters found responsible for customer churn 

were data rate, call failure rate, mean time to repair and monthly billing amount. On 

the basis of these parameter artificial neural network has achieved 79% more 

efficiency as compare to low performing statistical techniques. 
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I.     Introduction 

The term ‘churn’ is defined as switching of customer from one service 

provider to another telecom market company who decided to leave a specific product, 

service provider or entire company [XIII]. Every service provider makes utmost effort 

to identify the reason behind the churn and bring down the churn ratio. The reason 

behind is that existing customers are the main source of revenue as compare to 
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acquire new customers [III]. The main loses suffered a telecom operator due to high 

churn is the tarnish image of company, increase in the uncertainty, effecting existing 

customer, revenue loss and low sale. Because, the customers buy less number of 

services that is badly affecting the performance of company. The in-depth literature 

review enabled the researcher to formulate schematic diagram and on the basis of 

which some hypotheses have been developed which will be tested through statistical 

tests in the main study. 

The satisfaction can be achieved through adherence of customer to the service 

providers and establishment of center point for maintaining the record of each 

subscriber. These may be financial, demographic, calling and data records so it is 

imperative on the part of operator to organize a central system. This will help the 

company to survive in the highly dynamic environment of competitive sector of 

telecommunication industry [XVII]. By application of information system in this 

sector, this system can help to revolutionize the entire system of telecommunication 

sector. Some of key benefits obtained from this system will help to improve the 

advertisement campaign, time to time offerings by company and improvement in the 

loyalty of customers [XII]. Customer relationship management has broadly come 

from relationship marketing where there is a complete package for existing customers 

in order to enhance their support function, quality perspectives, strategic management 

and extend every assistance for attractions of new customers [IV]. Besides working 

on connected customers, the customer relationship management tools also help to 

identify the external environmental changes in telecommunication operational side. 

The system proves to be an easy tool for making business decision by keeping in 

view the customer satisfaction and loyalty in consideration. The main goal behind 

emergence of system is to improve the retention rates and resultant profitability, 

lower the cost for marketing and quick turnaround timing. In addition, the CRM 

could be used for obtaining both tangible and non-tangible advantages for 

segmentation of products and service, enhance customer experience and improve 

relationship marketing. The customer experience can further be improved through 

positive work of mouth marketing [IX]. The redress of technical problem has always 

been leading to customer dissatisfaction particularly in under developed countries 

with lot of administration problems. Hence CRM is providing main interface for 

registration customer complaints and their timely resolution [XV]. The 

telecommunication business decision can be improved through real time integration 

of knowledge based system through introduction of customer relationship 

management tool. The organization can improve productivity and efficiency by 

introducing automation of information system. Hence reports and tables can be 

extracted with even ordinary tools [XIV]. The customer relationship tool can enhance 

better learning opportunities and also help to improve decision making and planning 

through updated & comprehensive analysis. Moreover, the customer requirement, 

expectation and future behavior can be predicted from the information taken from 

customer relationship management tools [II]. Careful estimations have shown that an 

organization could lose 20 to 40 percent of customers annually by ignoring customer 

retention compaign. Resultantly, long lasting relationship with customer, loyalty and 

profitibility can only be furnished through comprehensive retention compaign [XVI]. 

The research study on renowned  firm Orange – a leading british telecom company 
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claims that telecom churn can be lowered from 20 to 10 percent by applying amount 

of £128 million [VIII]. The main theme of customer churn is prediction of churn 

rather than conducting useless survey. That is to develop comprehensive model on  

both current & historica data and identify patterns for forcasting of future customer 

behaviour [XX]. Athough, a number of prediction techniques are available in market 

but result oriented appoarched for prediction of churn are numerous. The first is  

decsion tree that work on classification of problems for division of instances in more 

than one classes. Another is  logistic regression that provides dicotomous ouptput. It 

suggests that customer will either go for churn or not that give out a mathematical 

equation. Similary artificial neural network processes input according to assigned 

weights are integrated into trasformation function [X].  

Main reason behind customer churn is dissatisfaction from existing operator and 

give attention to new market players. Acquiring new customer has always been an 

expensive alternative for telecommunication operator. Sometime, it takes six to seven 

time more cost to attract fresh subscribers then to retain the existing customer. This 

cost is reduced from company revenue [XVIX]. Many studies have revealed  that the 

main factors behind the customer switching is lack of attention from existing 

operator, cheaper offers from competitors or outstanding marketing strategy of new 

market players  [V]. The customer intending to leave the company can be retained 

through resolution of their grievances. That requires systematic market survey and 

work on identification of those customers who have propensity to churn. In addition, 

personal data relevant to customer profile are to be collected and processed to 

determine their dissatisfaction. Furthermore, marketing strategy can be devised for 

these dissatisfied customers 

II.    Related work 

Three different dimension can be used to make a trade-off that are cost & 

performance (technical & business aspects), and customer part. The concepts of 

decision makers in making prediction through model building and creation of 

hardware design on number of value –related dimensions. A research is conducted to 

explore the data-driven design method to leverage first stage design decision. The 

best method to decision support system is to determine the resale value by changing 

the configuration of product business. So engineers and designers can help to resolve 

the miscellaneous technical solution and give the trade-off on design decision with 

more confidence. To increase the loyalty of customers, the telecom managers have to 

identify the right products, explore the new markets for telecommunication services 

and products, look for new opportunities both online and physical markets. The 

author has taken the help of data mining phenomena for purpose of determining of 

customer behavior. The famous procedure used for customer retention after churn are 

memory based reasoning, cluster analysis, market basket analysis, decision tree and 

genetic algorithm [XVIII]. The customer churn prediction is the main concept to 

identify all those customers intended to leave the company. The author of the study 

has taken big numbers of subscriber data set from famous corporation and arrange for 

processing of customer switching prediction. The new technique used by researcher is 

to segment the customers to improve the precision and recall of the model.  Major 

challenges coming into the way of predictions are covered are description of extract 
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and transformation of model into particular platform. The customers were divided 

into three broad categories by researchers that were high, medium and low risk 

customers for churn. Hence an effective retention strategy was devised through this 

research. Moreover, the churn phenomena are declared as continuous process. It had 

become imperative on the part of operators to track the subscriber from starting till 

end of tenure. Each subscriber was assigned unique index or score card useful for 

tracking and monitoring of customer churn. The platform is extended to several e-

commerce sites and had helped to improve the business metrics [VI]. 

Like previous research, the author has laid a lot of emphasis on prediction of churn 

in telecommunication sector. He had brought the attention of reader that is to regulate 

the customer management, so it had become imperative to forecast all those 

subscribers who are dissatisfied from the service of the company and thinking to 

leave it. Many single-class classifiers like rough set theory and multi class classifier 

of data mining were applied in research study for better selection of classification of 

forecasting of churn. However, most prediction techniques like genetic, exhaustive, 

LEM2 and covering algorithms were used for analysis.  In the result section, rough 

set theory and genetic algorithm were declared as most effective and appropriate 

technique based on the performance of all available practices [VII]. The author in this 

research has worked on the attitude of the churned client. The behavior of consumer 

was studied based on their profiles. According to researcher, the best way to take the 

churn customer is to follow the profiles of customer, change in the behavior and to 

study the profitability of customer. By working on real data set, the author has 

highlighted the role of augmented method as compare to non-augmented method and 

resultantly proposed model based on HMM (clustering and hidden Markov model). 

Different segmentation is introduced base on clustering algorithm and financial 

feasibility of an organization was studied [XI]. 

The comparative analysis of three different prediction techniques that is decision 

tree, logistic regression and artificial neural network is performed by using churn data 

set in Pakistan Telecom Industry. The definition of each technique is as below: 

i. Decision Tree  

It splits the dataset on the basis of variables until it achieves the maximum 

information gain. The process of splitting continues until no splits can be 

executed in all related fields. The model is developed on the basis of training 

data for solving classification and regression problems. It is considered as 

one of the easiest and most popular classification algorithms. The DT 

belongs to the main family of supervised learning algorithm in machine 

learning techniques. The root node represents entire population divide into 

two or more homogenous group. The terminal node where no further 

splitting is called leaf node. 
 

ii. Logistic Regression 

The algorithm is used to predict the outcome of dichotomous output by 

taking data set of independent variables. It is significant machine learning 

technique due to its capability to classify data using continuous and discrete 

dataset. It also determines the most effective data feature for classification. 
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iii. Artificial Neural Network 

It is system of computing application to mimic the processing of information 

performed by human brain. This algorithm has capability to solve complex 

problem that will be impossible by other prevailing statistical approaches. 

The information is feed into input layer and desired outcome is extracted 

from output layer. The layers between input and output layers are called 

hidden layer varied according to complexity of problem. The synaptic 

weights are adjusted on each iteration to reduce the error between actual and 

predicted outputs. 

III.    Motivation 

Controlling the customer churn is one of primary growth pillars of telecom service 

sector. Due to tough competition in market, there is lot of choice from a numbers of 

service providers. The customers have freedom to switch over to competitor due to 

many or even one bad experience. 

There are lot of research works and modeling techniques performed to pursue 

features affecting telecom customer churn but in most of the cases, there is less 

technicality and specific enough approach to resolve the problem. The most critical 

issue is to consider this problem for business users and the metrics seriously upset not 

only marketing, customer service but also non-technical departments. 

Although, a lot of statistical techniques were used as mentioned in proceeding 

chapter of literature review but most prevalent broad based approach for churn 

modeling is machine learning methodology and survival analysis which definitely 

require distinctive data structure and features contributing churn. The machine 

learning techniques has proven high performance and capability to redress complex 

relationship inside the data. This approach offers superior accuracy, easy and 

consume less time to train and test the model. The aforementioned techniques 

sometimes help to narrow down the churn issue but it will make more sense in this 

research studies to compare the performance of models to calculate method which act 

more effectively in term of performance. 

In contrast to already prevailing research methods it requires not only domain 

knowledge but skill and creativity to identify a robust features set with information 

that are more predictive for churn. This study offers exploratory factor analysis that 

demonstrates the irregularities, correlation, relationship and even outliers just for field 

knowledge alone would not account for. After successfully building the model, it is 

imperative to select the correct metric that will not only optimize but also rightly 

authenticate the model for training and testing of data set. This research will perform 

not only traditional statistical techniques but also machine learning approach for 

accurate modeling. The discrepancies in the previous research were that set of steps 

that were not followed to train and test the model. Moreover, no hypothetical, 

mathematical & algorithmic approach which can be covered by this research studies. 

Proposed Methodology  

The contributory factors from the secondary data obtained from well know telecom 

operators of Pakistan Telecom market are analyzed in MATLAB. The simulation 

results acquired are considered for this research study. The behaviors of telecom 
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customer churn are predicted and parameters defined. In addition, these are further 

validated through this research studies. 

The simulation work will use the logical representation of given variables for 

construction of model and extract the decision in order to make meaningful 

predictions. According to simulation to determine the efficiency of prediction 

techniques, there is lot of improvements when data rate (Mbps) are drawn with 

limited data usage connections. Out of which ANN is the most efficient method. The 

simulation results are drawn between data rate versus data usage, number of users 

versus call failure rate, number of complaints versus mean time to repair those 

complaints and voice service used versus monthly billing amount are illustrated in 

Figure 1, 2, 3 and 4 respectively. 

 

Fig 1.  Data Rate versus Data Usage curve                Fig 2.  Number of Users 

versus Call Failure Rate curve 
 

With increase in the numbers of customers, the quality of service dropped that is call 

failure rate (%age) is greater. However, to control the call failure rate the best 

technique used is artificial neural network followed by decision tree and logistic 

regression at the last. According to given figure, decision tree is 66% more efficient 

than logistic regression however artificial neural network is 73% more efficient than 

logistic regression. More over the ANN is 17 % more efficient than decision tree. 

 

Fig 3. Number of Complaints versus             Fig 4. Voice Service Used versus Monthly 

Mean Time to Repair Curve    Billing Amount Curve 
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With increase in the numbers of complaints, it is quite necessary for telecom 

operators to resolve voice, multimedia and broadband complaints as early as possible. 

In order to bring down the complaints volume and predict mean time to repair, the 

efficiency of decision tree is quite high. However, it is improved by 24% through 

logistic regression. The efficiency is further enhanced by ANN 54 %. In addition, 

ANN brings 30% more improvement as compare to logistic regression. Whenever 

voice service used (hours) is plotted with monthly billing (Rs.) for any 

telecommunication customers, voice service used is acting inversely with monthly 

billing amount. The low performing techniques used is logistic regression however 

efficiency is improved by 60% by decision tree with respect the preceding techniques 

and 79% enhanced by artificial neural network. Moreover, according to simulation 

results ANN techniques is 19% more efficient than decision tree. The results of afore 

mentioned techniques ae tabulated in Table-1,2,3 and 4. The efficiency of each 

technique is calculated and put down in the last field of each table. 

Table 1:  Data Rate (Mbps) versus Data Usage (KB) 

TECHNIQUES 10 20 30 40 50 60 70 80 90 100 Avg. Min/Avg. 
% 
Effici. 

DT 0 0 0 1669 1303 1202 1082 848 702 531 734 0.74 74 

LR 
0 0 0 1890 1776 1655 1476 1304 1089 720 991 1.00 100 

ANN 
924 803 715 638 539 480 417 329 256 197 530 0.53 53 

Table 2: Number of Users versus Call Failure Rate (%) 

TECHNIQUES 200 400 600 800 1000 1200 1400 1600 1800 2000 Avg. Min/Avg. 
% 
Effic. 

DT 0 0 3 14 25 39 52 58 62 66 32 0.44 44 

LR 
5 28 54 80 90 91 92 94 95 96 73 1.00 100 

ANN 
0 0 0 0 3 15 25 34 51 65 20 0.27 27 

Table 3:   Number of Complaints versus Mean Time to Repair (Sec) 

TECHNIQUES 200 400 600 800 1000 1200 1400 1600 1800 2000 Avg. 
Min/ 
Avg. 

% 
Effic. 

DT 21200 35000 47000 54000 57000 59000 60000 62000 63000 39800 49800 1.00 100 

LR 
8405 16000 23000 32700 36000 44000 50000 52700 55700 59000 37750 0.76 76 

ANN 
4271 8950 12000 17360 20890 25000 29800 33000 36000 39800 22707 0.46 46 
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Table- 4:  Voice Service Used (HRs) versus Monthly Billing Amount (Rs.) 

TECHNIQU
ES 10 20 30 40 50 60 70 80 90 100 

Av
g. 

Min/Av
g. 

% 

Effi
c. 

DT 455 900 
130

0 
164

2 
200

0 
250

3 
291

3 
328

0 
376

2 4155 
229

1 0.40 40 

LR 

110

0 

210

0 

310

0 

410

0 

510

0 

610

0 

710

0 

810

0 

910

0 

1100

0 

569

0 1.00 100 

ANN 250 448 654 868 

108

4 

130

8 

152

4 

171

0 

196

2 2165 

119

8 0.21 21 

 

IV.   Conclusion  

The customers switching due to fierce competition particularly in 

telecommunication sector are badly affecting the revenue streams of companies. 

Hence data mining being the modern techniques must be adopted in order to 

overcome contemporary challenges. The goals, key performance indicators, sale and 

retention target set by telecom companies can be achieved by considering predictive 

algorithms in the aforementioned sector. Timely decision making is considered vital 

for every segment of the business and applied much in more competitive sector of 

Pakistan Telecommunication industry. The way the data is collected, processed in this 

research study has converted data into information for better customer prediction and 

decision making that can be applied in real time scenario which will prove to be 

fruitful for telecom sectors.  

In order to develop customer relationship management, retention for maximum 

period of time and marketing strategies, it is quite mandatory to determine the 

contributory factors for telecom subscribers churn from through literature review. For 

this purpose, quantitative study was conducted on subscribers availing voice, 

multimedia and broadband services where six factors that are playing pivotal role in 

establishing customer intention to leave the company or retain with existing service. 

These factors are data rate, data usage, call failure rate, complaints and mean time to 

repair. Data from different demographic level of diverse telecom operators were 

plotted o Matlab. The factors that are badly affecting the customer behavior and 

instigate them to switch to another operator are poor quality of service, bad response 

to resolution of billing error complaints however on the another side application of 

latest technology and provisioning of high feature particular on broadband internet 

and low price are positively influencing the customers and caused to retain them to 

existing service providers. 

The results of confusion matrix, accuracy, precision, recall and roc curve from 

given techniques clearly declared artificial neural network model as the most superior 

one followed by decision tree and logistic regression. However statistical technique, 

discriminant analysis is placed at lowest position as per prediction outcome. These 

telecom churn parameters were drawn on MATLAB R2018 b for simulation, 
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comparison were conducted. The four plots were obtained to determine the most 

efficient technique. The outcome of decision tree is 26 % improved from logistic 

regression and artificial neural network 47% is more efficient from logistic regression 

when data rate (mbps) is drawn data usage (Kb). However, ANN is 21 % more 

improved from decision tree for prediction of customer churn. Another crucial 

parameter for churn is call failure rate which is influenced by number of uses when 

applied for three prediction techniques. Keeping in view these parameters DT is 

giving 66% more performance than LR and ANN is 73% more efficient than LR. 

Thirdly, churn parameters MTTR & No. of Complaints are illustrated and output 

indicate LR is 24% efficient than DT and ANN 54% more enhanced than LR. 

Fourthly, Voice service (Hrs) and Monthly billing amount (Rs.) is compared reveals 

that DT is 60% more efficient than LR however ANN is 79% more efficient than LR. 
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