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Abstract 
Recent advances in communication technology are 
changing the way that traditional banking is done. 
Technology has added a new dimension to the 
competitive pressures that are already reshaping the 
banking industry. The resulting changes will have a 
great impact firstly on the reconfiguration of a bank 
branches network according to the dictates of the 
market, secondly on the design of new products and 
on the development and the use of alternative 
distribution channels and finally on the customers’ 
switching behavior..  
 
In this study that presents an overview of my PhD 
thesis, different issues relating to the reorganization 
of banking industry are examined. Specifically the 
performance of a bank branch network, the online 
banking as an alternative distribution channel and 
the duration of the relationship among customers 
(individuals or enterprises) are the three interrelated 
parties of this thesis. Optimization techniques, 
generalized linear models and proportional hazard 
models are used in order to determine products and 
services which are offered to bank clients through 
traditional and Internet channels, forecasting 
customers’ attitudes (adoption or rejection) to the 
new products and the time horizon of their 
cooperation with their bank. 
 
All three sections are exploring issues that put in 
the fundamentals of Customer Relationship 
Management (CRM) initiatives. Bank’s 
management team could use the findings of this 
study, in order to determine specific attributes in 
designing financial services and products, which 
would add in customers’ satisfaction. The proposed 
approach could have significant implications for 
enlarging the duration of the relationship among 
customer and bank and for maximizing bank’s 
performance. 
 
1. Introduction 
 
In today’s retail banking environment, where a 
more sophisticated consumer with less bank loyalty 
is becoming the norm, customer service quality is 
an indispensable competitive strategy. Furthermore, 
the stiff competition and the compression of the 
interest rates, forces banks to set up and put into  

 
 
effect all necessary decision support systems that 
will enable them to dynamically plan new locations, 
evaluate their performance, forecast customers’ 
attitude to new offered products and services, 
estimate clients’ switching behaviour, and  finally 
provide marketing support to their geographically 
separate units.  
 
Bank branch construction has slowed sensitive not 
only to changing technology and changing 
customer needs, but also to a more volatile 
economy. As a consequence of deregulation and 
information technology banks offer new services 
and products (Burton, 1990) A branch of the future 
must be framed within a flexible organization and 
can be changed within minimal human and resource 
costs in order to keep pace with ever-changing 
customer needs (Mountinho et al, 1997). Since 
branches occupy the key position in the bank’s 
organization, its performance is in the core of 
strategic directions of each bank. The relation 
between branch and community’s performance 
must also be explored in order to identify the 
optimal scale size for a network of existing and new 
branches  
 
The explosion of Internet usage and the huge 
funding initiatives in electronic banking have drawn 
the attention of researchers towards Internet 
banking. The new banking business relies on 
electronic delivery of its products and services, 
supported by information systems and 
telecommunications (Hempel, G., &  Simonson, D., 
1998). Although millions of dollars have been spent 
on building Internet banking systems, reports have 
shown that potential users may not use the systems 
in spite of their availability. This points out the 
need for research to identify the factors that 
determine acceptance of Internet banking by the 
users. (Luaurn, P.,&  Lin, H., 2005)) 
 
Moreover, customer satisfaction is recognized as 
being highly associated with customer value and 
with product price; whereas service quality is not 
generally considered to be dependent upon price. 
The more satisfied the customers, the more tolerant 
to price increases they are likely to be, thus 
resulting in greater profits (Anderson, E., Fornell, 
C., & Lehmann, D., 1994; Garvin, 1988). 
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According to Berry (1995) the transition from 
transaction to relationship-based marketing is 
inextricably linked with the increased role of 
quality and satisfaction given in services. 
The remainder of the paper is organized as follows: 
Section 2 provides a brief overview of the existing 
literature on performance measurement; the 
mathematical formulation of the branch network 
and modular service optimization model and 
outlines a new iterative procedure for solving the 
model. Section 3 summarizes existing research on 
e-banking, describes the used generalized linear 
model, provides the hypotheses under examination 
and presents the results of the analysis. Section 4 
describes the problem and the hypothesis that 
would be considered under examination by using 
survival functions, life tables and the proportional 
hazard model. Last section summarizes the 
conclusions of this work and suggests further 
research. 
 
2. Performance Measurement and techniques 

of optimization 
 
2.1 A brief literature review 
 
The literature addressing branch performance 
measuring is large, but mainly focuses on 
management accounting approaches (e.g. Hansen, 
1990; Smith & Schweikart, 1992; Thygerson, 
1991), utilizing econometric models (Clawson, 
1974; Doyle et al., 1979), multiple regression 
analysis (Heald, 1972; Boufounou, 1995), Data 
Envelopment Analysis (Camanho et al., 1999; 
Vassiloglou & Giokas, 1990; Avkiran, 1999) and 
artificial neural network-based approaches 
(Athanassopoulos & Curram, 1996). On the subject 
of branch profitability, little research has been 
conducted to-date (Avkiran, 1997). Below, we 
provide a brief overview of the existing approaches. 
 
Traditional measures of bank profitability, ROA 
and ROE, are beset with problems of allocating 
assets, equity and net income when applied at 
branch level (Smith & Schweikart,  1992). 
 
During the 1990s Data Envelopment Analysis 
(DEA) has been used extensively to evaluate 
banking institutions. The relation between 
efficiency and profits was first addressed by Oral 
(1990, 1992) through two DEA models for 
analyzing both efficiency and profitability. The 
profitability model consisted of a desegregation of 
expenses and income, which were considered as 
inputs and outputs, respectively. However, the 
implication of using such models instead of a usual 
profitability measure was not discussed. Drake and 
Howcroft (1994) correlated the DEA technical 

efficiency score with cost-income ratios. Their 
results indicated that more efficient branches had 
lower cost-income ratios. Another study by 
Schaffnit et al. (1997) concluded that branch 
efficiency has a very clear positive effect on profit. 
Recent publications determine the performance 
goals using data analysis in order to define the 
factors or variables that influence performance 
measures of a bank branch (e.g., Avkiran, 1999; 
Hartman, 1999). Frei & Harker (1999) present a 
methodology that determines the role of design in 
calculating the efficiency of service delivery 
processes. The efficiency of these processes is 
determined by using a variation of frontier 
estimation (data envelopment analysis [DEA]-like) 
techniques. The proposed methodology replies to 
the question of how much inefficiency is due to 
process-design choice 
 
The evaluation of the performance of a bank branch 
has been widely addressed, considering fixed 
branch networks and offering models for evaluating 
their performance. Most of the approaches set 
performance goals without considering overall 
performance measures, and examine a very large 
number of variables, some of which are not 
statistically significant; this limits the applicability 
of the models to small-scale examples and prohibits 
the application to practical cases where the number 
of branches can be in the order of hundreds. All the 
models developed to-date address the traditional 
banking sector where most services and products 
are offered at all locations, and as a result they do 
not take into account the various modular services 
that one branch could offer, or the overall branch 
network.  
 
2.2 Problem Description 
 
To concentrate on the problem we address in this 
study, consider a geographical area where bank 
branches are dispersed. The wide diversity of the 
types of customers served and the unequal 
competition conditions that the branches face in the 
different sub-areas enforce top executives to set 
standards or norms in order to measure the 
performance of each branch and satisfy in a more 
efficient way customer needs. The demographical, 
socio-economical and market data of the area under 
consideration are known, while management goals 
and strategic plans are also set, as is the number of 
employees necessary to accomplish customers’ 
requirements. In order to meet management goals, 
evaluation and rationalization of the current branch 
network must be conducted, especially if the bank’s 
strategy has focused on business growth through 
the acquisition of other financial institutions and the 
reengineering of business processes.  
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The goal is to reach the optimum number of 
branches, given a certain level of operational and 
fixed costs, and the optimum mix of services that 
each should provide. This combined objective can 
be linked to the weighted sum of the performance 
of each individual branch within the area under 
examination. Metrics may include: deposit balances 
per branch, number of new accounts per month, 
average of retail lending balances, number of new 
lending accounts, balances of financial investments, 
etc. The value of the metrics is a function of various 
internal and external (to the bank) factors, which 
are the problem variables. Internal factors may 
include: a) number of employees, e.g. tellers, 
corporate representatives, receptionists, 
administrators, etc.; b) number and level of the 
management staff; and c) operational variables, e.g. 
number of ATM’s or transactions. External factors 
may include: area population and growth rate, 
average family income, number of small/corporate 
business establishments etc. 
 
2.3.1  Mathematical Model for Branch 

Optimization 
 
Performance Variables: 
Let n be the number of branches and i their index. 
The efficiency of a branch involves the 
identification of performance variables, which 
reflect the corporate objectives and strategies. For 
branch i, we model these variables by vector yi 
=[yi1,  yi2, …, yim]T of order m (number of variables 
per branch), where (T) denotes the transpose 
operand. Each element of vector yi represents one 
performance variable for branch i. The overall 
performance of branch i (denoted by Pi) is defined 
as follows: 
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In (1) w is a vector of dimension m representing the 
weights wki of the k-th performance variable, yik, of 
branch i; k  is the index of performance variables 
(k=1, …, m). 
 
Internal and External Factors 
 
As discussed above, branch efficiency is related to 
external (non-controllable) factors and internal 
(controllable) factors. We model these factors, for 
each branch i, using the following l-dimension 

vector 
Ti

l
iii ,...,x,xxx ][ 21= . Each element 

i
jx  of 

ix  
represents one external or internal factor for branch 
i. Note that j is the index of factors. 

 
 
Relationships 
Each performance variable (i.e., element yik of 
vector yi) is related to some internal and external 
factors xij, relevant to branch i; given the data 
concerning the initial (current) branch 
configuration, we can determine these relationships 
through regression analysis, and obtain the 

regression coefficients
i
kja

. Equation (2) expresses 
the relationships: 
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In (2), A is an m×l matrix incorporating all 
regression coefficients that relate performance 
variables and internal/external factors, while Ci is 
the vector of constant terms resulting from the 
regression analysis.  
 
The different internal and external factors have 
implicit relationships that can also be determined 
via regression analysis  on the initial data. Eq. (3) 
provides this relationship: 
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In (3), Il is the unit l×l square matrix, and B is an 
l×l square matrix with zero diagonal terms (no 
regression coefficients between xij and itself). Each 
b-coefficient is determined by regressing the xij 
factor on the remaining ones. Some of the b’s may 
be zero, denoting a non-existing relationship 
between two factors. Finally, Di is a vector of 
constants resulting from the regression analysis. 
 
A necessary condition for better performance 
measurement is the determination of the 
relationships between the values of the same group 
of factors, among different branches. Inequality (4) 
depicts such a relationship for factor j: 
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In (4), zj is an n-dimensional vector, each element 

of which is 1, –1, or 0, and 
( ) Tn

jjj
i
j xxxx ],...,,[ 21=

. 
Inequalities (4) come by inferring relationships 
through the examination of appropriate data sets, 
and the explanation is as follows: We observe data 
concerning a specific set of factors for different 
branches. The data imply some relationships 
between these factors. The relationships are 

(1
) 

(2) 

(3) 

(4) 
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captured in the form of constraints to the model. If 
such constraints are not established, the results of a 
solution approach may be questionable.  
 
Inequality (4) can be expressed for each factor j; 
e.g., if xi5 is the number of tellers for branch i, and 
we know that branch 2, by design, must have a 
smaller number of tellers than branch 3, we can 
write x25-x35≤0, implying that z25 =1 and z35 =-1. 
 
Bounds 
The elements, xij, of vector xi may be bounded by 
known parameters Lij and Uij, which are imposed by 
management or external conditions. Such 
relationships can be expressed as follows: 

iii UxL ≤≤
  

 
In (5), Li=(Lij) and Ui=(Uij) are l-dimension vectors 
incorporating bounding parameters. Inequality (5) 
can be expressed for all the factors, since both 
controllable and non-controllable factors may be 
bounded for branch operation. 
 
2.3.1.1 Linear Programming Formulation 
Given all the above definitions and relationships, 
we can proceed to the formulation of a linear 
program to maximize the overall performance for 
the geographical area under examination. The 
model is as follows: 

Maximize   
∑

=

×
n
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iT yw
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 (6) 
Subject to: 
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  ∀ i=1, 2, …, n
 (10) 

mi Ry +∈
,  ∀ i=1, 2, …, n (11) 

li Rx +∈ ,  ∀ i=1, 2, …, n (12) 
The model of (6)-(12) is a typical linear program, 
which is appropriate for measuring both the 
performance of a bank’s network and of each 
individual branch separately. To recap, the 
objective function (6) sums up all the individual 
branch performances. Equation (7) relates 
performance variables and factors via regression 
analysis coefficients. Equation (8) correlates branch 
factors through regression analysis coefficients. 

Inequality (9) correlates different branches for the 
same factor. Inequality (10) bounds controllable or 
non-controllable factors. Finally, constraints (11) 
and (12) force the problem variables to assume non-
negative real values. 
 
3.2.2 Solution algorithm 
 
Up to this point, we have provided a model for 
bank’s branch performance by integrating internal 
and external factors with performance variables. 
Bank’s management team determines which 
performance variables and factors will be under 
examination according to the strategy that had 
already been decided to be applied. Although 
strategic plans cannot be quantified, what we really 
can measure, is some parameters crucial for the 
development and the application of the plan. Using 
mathematical techniques we can model and 
formulated factors (find optimum value, or a set of 
possible values for each factor) and to make a 
prediction – estimation for the applicability and 
usefulness of the proposed plan.  
 
In this study we developed an algorithm called 
PERFORMANCE to solve the optimization 
problem of (6)-(12). To eliminate a branch we 
measure the performance of all branches and we 
select the one with the lowest performance score. 
By resolving the problem, we calculate the new 
performance of the reconfigured network. If the 
difference Ot between the overall performance and 
the operating costs (i.e. staff’s salaries, rent for 
buildings etc.) for all branches increases, the 
procedure is repeated until Ot+1<Ot. In this case the 
network has reached the point of operational 
efficiency. Note that t is an index of iterations, 
which is identical to the number of branches 
eliminated through the iterative procedure, and Ot = 
S i=1,…,n[Pi-(Operating Cost)i]. The Steps of the 
algorithm are provided below: 
 
Algorithm PERFORMANCE 
 
Step 0: Input: number (n) of branches, number 

and values of performance variables yi 

(branch data), and current values of the 

external and internal variables
ix . 

Step 1: Regress performance variables on 
external (non-controllable) and internal 
(controllable) variables, to determine 
matrix A and vector Ci in Equation (2). 

Step 2: Regress external and internal variables 
on themselves to determine matrix B and 
vector Di in Equation (3). 

Step 3: Observe the value of the same internal or 
external variable among different 

(5) 
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branches and form inequality (4) with 
appropriate zj. 

Step 4: Impose the bounds Li and Ui of 
inequality (5) for each variable. 

Step 5: Calculate the performance of each 
branch separately  Pi and of the whole 
bank branch network from (1), before 
optimization. 

Step 6: Solve the linear programming problem of 
(6)-(12) to determine the overall 
optimum performance for the bank 
branch network and of each branch. 

Step 7: Branch Elimination Procedure 
 Step 7.1: Set t=1. 
 Step 7.2: Calculate the difference Ot  
 Step 7.3: Find branch i* with lowest 

performance Pi. 
 Step 7.4: Eliminate branch i* and 

reformulate problem (6)-
(12). 

 Step 7.5: Resolve the problem 
without the branch i*. 

 Step 7.6: Calculate the difference 
Ot+1 for the n-t branches. 

 Step 7.7: IF Ot+1>Ot THEN a new 
elimination is suggested; 
set t=t+1 and RETURN to 
Step 7.3; OTHERWISE, 
keep all branches in the 
bank branch network since 
it operates effectively, and 
GOTO Step 7.8. 

 Step 7.8: Terminate – Efficient 
branch network reached. 

 
The algorithm terminates by providing the target 
number of branches in the catchment area, the mix 
of services that define the optimum performance for 
the bank branch network, and the operational 
parameters of each branch (through the values of 
the controllable factors). Note that we include 
operational costs of branches in the iterative 
procedure in order to ensure that branch 
eliminations are preferred, which is the case in the 
majority of branch network reconfigurations. 
 
The proposed algorithm could be re-applied in any 
network, which is under evaluation and 
reconfiguration. Its main advantage is that the 
performance and factorial variables, which are 
under examination, are defined each time by the 
management team. All necessary coefficients that 
the algorithm uses are calculated through the up-
date values of the above variables. So the algorithm 
becomes a tool that is always up-date according to 
the dictates of the market. 
 

3. Electronic delivery channels 
 
3.1 A brief literature review 
 
Recent advances in communication technology, 
including the development of more powerful 
computers, are paving the way for new banking 
products and services, changing the way that 
traditional banking is done. The resulting changes 
will have a great impact on the development and 
use of alternative distribution channels. The most 
recent delivery channel is online banking. 
Electronic or online banking is the newest delivery 
channel to be offered by retail banks in many 
developed countries and there is a wide agreement 
that this channel will have a significant impact on 
the market. Banks know that the Internet opens up 
new horizons for them and moves them from local 
to global frontiers.  
 
Customer adoption is a recognised dilemma for the 
strategic plans of financial institutions. Several 
studies have investigated why individuals choose a 
specific bank. Important consumer selection factors 
include: convenience, service facilities, reputation, 
and interest rates (Kennington et al., 1996; 
Zineldin, 1996). According to Delvin (1995) 
customers have less time to spend on activities such 
as visiting a bank and therefore want a higher 
degree of convenience and accessibility.  
 
Liao and Cheung, (2002), employed survey data 
and regression analysis to measure consumer 
attitudes toward Internet based e-retail banking as a 
financial innovation. They found that individual 
expectations regarding accuracy, security, network 
speed, user- friendliness, and user involvement and 
convenience, were the most important quality 
attributes in the perceived usefulness of Internet-
based e-retail banking.  
 
Many studies in the literature extended the 
Technology Acceptance Model which is a 
theoretical framework, which identifies the 
perceived ease of use and perceived usefulness as 
the key reasons for using Internet Banking. Luaurn, 
P.,&  Lin, H.,(2005) extended TAM and they added 
“perceived credibility”, “perceived self- efficacy” 
and “perceived financial cost” to the model. Bomil 
Suh & Ingoo Han, (2002) in their study introduced 
trust as another belief in TAM that has an impact on 
the acceptance of Internet banking. Wang et al, 
(2003) also used the TAM and they introduce 
"perceived credibility" as a new factor that reflects 
the user's security and privacy concerns in the 
acceptance of Internet banking. The study also 
examines the effect of computer self-efficacy on the 
intention to use Internet banking. It also 
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demonstrates the significant effect of computer self-
efficacy on behavioural intention through perceived 
ease of use, perceived usefulness, and perceived 
credibility. 
 
Koufaris, et al (2002) examined the impact of 
consumer experience and attitudes on intention to 
return and unplanned purchases on line. Kambil et 
al, (2000), show that senior management‘s support 
and technical issues such as information security 
are of the most significant impacts to firms that take 
their business online. 
 
Mols, (1999), determines that bank customers are 
divided into Internet banking segment and a branch 
banking segment. The Internet influences the future 
distribution channel structure in two ways: (a) it is 
in itself a new distribution channel for financial 
services and (b) it influences consumers in a way 
that they invest time and resources in becoming PC-
literate and in familiarizing themselves with the 
Internet. Users of PC banking are more satisfied, 
are less price sensitive, have higher intentions to 
repurchase and provide more positive word-of-
mouth than non-users.  
 
Hitt and Frei, (2002), examine whether and how 
characteristics or behaviors might differ between 
customers who use electronic delivery systems and 
those who use traditional channels. By using 
logistic regression they conclude that demographic 
characteristics and changes in customer behavior 
following adoption of PC banking account only a 
small fraction of overall differences. Karjaluoto, et 
al. (2002) explored the effect of different factors 
affecting attitude formation towards Internet 
Banking in Finland. By using factor analysis they 
determined that prior experience of computers and 
technology as well as demographic factors impact 
heavily consumers’ online behaviour. Jun and Cai, 
(2001) used the Critical Incident Technique (CIT) 
to uncover the key dimensions of Internet banking 
customers and to identify critical satisfying and 
dissatisfying factors which were reliability, 
responsiveness, access and accuracy. 
 
3.2 Problem Description 
The purpose of is to present a methodology for 
identifying factors that affect someone’s decision 
using or not using online services. In order to meet 
this goal we use a generalised linear model, 
specifically a logistic regression model, and we are 
trying to estimate the factors that improve 
someone’s final decision and the contribution of 
each one. The scope of this study is to describe 
bank-customers’ behaviour in Greek online market, 
which is fragmented and Internet adoption within 
the population is quite low, up to 22,4% due to a 

survey that is completed by National Statistical 
Organization in 2005, a fact that offers a basis for 
initial estimations. 
 
The study therefore, focused on identifying the 
significance of the following factors: 
 
H1: Speed of transaction of electronic delivery 
channels provides a competitive advantage for 
them. 
H2: Difficulties in the use of the new technology 
prevent some customers from using it.  
H3: Many people believe that today’s “traditional” 
banking system operates well and thus, the online 
presence of the banks is characterized as not 
necessary.  
H4: Internet banking costs include those associated 
with Internet activities as well as bank costs and 
charges. Cost influences consumers’ attitudes 
toward electronic services. 
H5 (a): According to literature, young people, from 
20 up to 40 years old, are familiar to Internet use 
H5 (b): People who use electronic banking services 
have a higher education level than others. Maybe 
education is another factor that is characterized as 
important for using or not using online services.  
H6: Many people complain about lack of 
information concerning the new electronic channels 
that financial institutions use today. 
 
The above hypotheses are tested due a field survey 
questionnaire that took place in Athens and 
Thessalonica during March of 2002. Findings of the 
questionnaires show that: 
• The competitive advantage of e-banks or 

electronic banking services is the speed of the 
transactions. More than 90% of the respondents 
consider it, to be a valuable attribute in the 
electronic financial industry. Avoiding queues 
or delays are the primary reason for choosing 
online transactions.  

• It is useful for the banks to advertise their 
online presence, the services and the facilities 
that they offer to the clients; 89% of the 
respondents ascribe deficiency of information 
concerning the electronic banking services as 
the main reason for their rejection in online 
banking.   

• It was found that costs from the use of the 
Internet and from bank charges are of slight 
importance. This may be due to the fact that 
neither the charges nor the net-expenses are 
overpriced. Sixty - eight percent of the 
participants estimate it as a “non important” 
factor.  

• On the other hand, the difficulties of the user’s 
involvement in the electronic system are found 
to be of importance, as this restricts the control 
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that an individual exercises over the process 
(i.e. access to online services depends on 
access to the Internet). Only 27% consider the 
Internet’s use as something extremely difficult 
while less than 20% believe that using 
electronic banking services is a wearisome 
task. 

•  
3.2.2 Willingness of use online banking services 
 
A logistic regression model, was employed in order 
to identify the significance of the factors, which 
play a crucial role in an individual’s decision 
whether or not to use online banking services and to 
estimate the probability of each individual using e-
services. Logistic regression model estimates for 
each customer the logarithm of the probability of 
using on line services to the probability of not using 
online banking services.  
 
Eight factorial variables are under examination for 
their contribution in the logit (pi) of the i-th 
customer, which were x1i = age, x2i = education, x3i 
= monthly income, x4i = transactions’ speed, x5i = 
fear of change, x6i = lack of Information, x7i = 
difficulties of using Internet, x8i = cost of using 
Internet own property. 
 
The proposed logistic regression model is: 
 
logit (pi)= 
log (pi/(1-pi))= 

1.60* x1, i -1.26* x5,i -1.84* x6,i  
 -2.69* x7,i +3.19   (13)   
or  

1, i 5,i 6,i 7,i

1, i 5,i 6,i 7,i
i

exp(1.60* x  -1.26* x  -1.84* x  -2.69* x  + 3.19 )
=p 1+exp(1.60* x  -1.26* x  -1.84* x  -2.69* x  +3.19 )

  
The pi represents the probability of the individual i 
to use on-line banking services, while the 
explanatory variables x1i , x5i , x6i , and x7i  represent 
overall measures of factors regarding age, fear of 
change, lack of Information and difficulties of using 
Internet, respectively. Since our survey did not 
explicitly introduce cost and transactions’ speed, 
the effects of these factors are parameterized in 
terms of the logistic constant. 
 
The followings are depicted when we use the 
proposed generalized model 
 
1. Individual’s age is a significant determinant of 

someone’s decision to use or not electronic 
services. This finding regards respect to all 
previous studies that defined the profile of 
online banking customer as a young man or 
woman who is familiar to technology 
advancements, and to PC and Internet 

navigation. This result is consistent with 
hypothesis 5 (a). 

2. The fear of change significantly affects the 
decision of use. An increase in this factorial 
coefficient would increase the willingness of 
use. This finding is consistent to hypothesis 3. 

3. The factor “information” in someone’s 
decision is of major importance. Hypothesis 6 
is affirmed by this proposition. 

4. User- friendliness is a significant determinant 
of an individual’s acceptance or rejection of 
electronic services. This is consistent with 
hypothesis 2. 

5. Variables education and monthly income are 
are denoted as non-significant variables  
According to these results hypothesis 5(b) does 
not contribute to the willingness of using 
online banking services. 

6. The results of variables transactions’ speed, 
and Cost of using the Internet signifie that 
these variables could be significant if some of 
the parameters were to change (i.e. take into 
account and other variables). Hypotheses 1 and 
4 seem to be less important in the willingness 
of use. 

7. The constant coefficient ß? is consistent with 
our construction, under which the transaction’s 
speed and the cost of e-services are 
parameterized in the logistic constant. However 
as, the constant term is statistically significant, 
it is indicated that a rise in cost variable or in 
transaction’s speed variable is relatively 
important with regard to decision of use. 

 
4. Customer switching behaviour in greek 

banking services using survival analysis 
 
4.1. A brief literature review 
 
In nowadays, understanding and reacting to 
changes of customer behavior is an inevitable 
aspect of surviving in a competitive and mature 
market (Lariviere & Poel,. 2004). Banks are facing 
the increased competition due to two different 
reasons: (a) the entrance of financial and insurance 
firms in the traditional banking market, and (b) the 
wide range of offered products and services to 
public. As a consequence the banking industry 
strives to succeed by putting the topic of rapid and 
changing customers needs to their agenda 
(Krishnan, Ramaswamy, Meyer & Damien, 1999). 
 
The economic value of customer retention is widely 
recognized in the literature: (1) Successful customer 
retention lowers the need for seeking new and 
potentially ris ky customers and allows 
organizations to focus more accurately on the needs 
of their existing customers by building relationships 
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(Dawes & Swailes, 1999). (2) Long-term customers 
buy more and, if satisfied may provide new 
referrals through positive word-of-mouth for the 
company. (3) Long-term customers become less 
costly to serve due to the bank’s greater knowledge 
of the existing customer and to decrease serving 
costs. (4) They tend to be less sensitive to 
comparative marketing activities (Ganesh et al., 
2000; Colgate et al., 1996). (5) Loosing customers 
not only leads to opportunity costs because the 
reduced sales, but also to an increased need for 
attracting new customers which is five to six times 
more expensive than customer retention 
(Athanassopoulos, 2000). 
 
Many researchers in the literature have investigated 
the churn behavior of the banking customers.  
 
Proportional hazard models are used by Bolton 
(1998) and Van den Poel & Lariviere (2004) in 
order to examine the link between customer 
satisfaction and retention. they found that (a) 
demographic characteristics, environmental 
changes and stimulating “interactive and 
continuous” relationships with customers, are of 
major concern when considering retention and that 
(b) customer behavior predictors only have a 
limited impact on attrition in terms of total products 
owned as well as inter-purchase time. 
 
Regression models are used by Bloemer, Ruyter 
and Peeters, (1998) and Athanassopoulos (2000).  
They reveal that image is indirectly related to bank 
loyalty via perceived quality. proposed an 
instrument of customer satisfaction in retail banking 
services The empirical results have confirmed that 
customer satisfaction is a function of service quality 
(staff service and corporate image), price, 
convenience and innovation. Levesque & 
McDougall, (1996), point out that that service 
problems and the bank’s service recovery ability 
have a major impact on customer satisfaction and 
intentions to switch. They identified the 
determinants, which included service quality 
dimension, service features, service problems, 
service recovery and products used. They 
concluded  
 
The relationship between commercial banks and 
client companies was studied using t-test by Paulin 
et.al, (1998).Switching costs are increasingly 
finding their way into models of customer loyalty. 
According to Jones et.al., (2002), switching costs 
can be thought of as barriers that hold customers in 
service relationships. Krishnan et.al., (1999), via a 
Bayesian analysis, found that satisfaction with 
product offerings is a primary driver of overall 
customer satisfaction.  

?n summary, many studies investigated the problem 
of customers’ switching behaviour. In this study we 
contribute in the existing literature at three different 
levels: (a) We examine the impact of qualitative 
groups of factors in retention behaviour (b) we 
examine customers’ attrition considering the time 
aspect and (c) we use life tables in order to estimate 
the churn behaviour of clients in different periods 
of time.  
  
4.2. Problem Description 
 
Deregulation and increased competition from new 
products and delivery channels prompt banking 
industry to reconsider the economic value of 
customer retention. Customers’ life cycles are 
becoming increasingly transitory due to severe 
impact of competitors’ actions on existing 
relationships (Reinartz and Kumar, 2000). 
Typically, customers split their purchases among 
several competitive banks (Dwyer, 1997). In this 
study we examine the problem of customers’ 
attrition, which is a classic problem of binary 
classification: churn behavior or not. More 
specifically we want to explain customers’ 
switching behavior by examining a series of factors 
and by identifying the contribution of each one.  
 
The study therefore, focused on determining the 
significance of the following factors: 
 
H1: There is no evidence that customers’ gender 
affects their decision of breaking down their 
relationship with the bank.  
H2: Bank’s credibility contributes positively in the 
duration of the relationship between customer and 
bank. 
H3: Customers’ satisfaction is the most important 
factor for enlarging the duration of their 
cooperation with the bank 
H4: The quality of offered services and products 
determine the life cycle of the examined 
relationship. 
H5: “Interest Rate” is not recognized as a 
significant factor in customers’ switching behavior  
H6: Individuals’ educational level is considered as a 
valuable factor in the length of the examined 
relationship. 
 
We use Life Tables to estimate the time of the 
churn event. A proportional hazard model is 
performed to find the factors which would pay in 
the reduction of customers’ secession. Survival 
analysis is a collection of statistical methods for 
data analysis for which the outcome variable of 
interest is time until an event occurs (in our case: 
customer churn behavior) with the aim to develop 
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predictive models in which the risk of an event 
depends on covariates  
 
We usually refer to the outcome variable as survival 
time, as it gives the time that an individual has 
survived over some follow-up period and we refer 
to the event as a failure. For some customers the 
time to failure (end the cooperation with the bank) 
may be observed completely, whereas for others we 
only have partial observation until some specific 
“censoring” time c. We denote by T, the random 
variable for a customer’s survival time. 
 
The distribution of survival times is characterized 
by three functions:  
[1] The probability that a customer continues to 

cooperate with the bank longer than t, is 
defined by survival function  S(t) 

S(t)=P(a customer continues to cooperate with the 
bank longer than t)=P(T>t)   (14) 
The cumulative distribution function of T is 
denoted by F(t), and hence  
S(t)=1-P(a customer ends its relationship with the 
bank before time t)=1-F(t)  (15) 
 
[2] The probability density function of the survival 

time , T, is denoted  by f(t) and is defined as the 
limit of the probability that a customer breaks 
down its relationship with the bank in the short 
interval (t to t+?t) per unit width ?t. 

It is expressed as  (16) 

( ) ( ){ }
0→? t

a customer ends its relationship with th e bank in the interval , + ?
=l im

?

P t t t
f t

t

The density function is known as the unconditional 
failure rate. 
 
[3] The hazard function h(t) of survival time T 

gives the conditional failure rate or the 
instantaneous failure rate (churn behavior). It is 
defined as the probability of failure during a 
very small time interval, assuming that the 
customer has decided to continue his/her 
cooperation with the bank to the beginning of 
the interval. It is expressed as (17) 

( ) ( ){ }
0→? t

a customer of age  ends its relationship with the bank in the interval ,  +?
=lim

?
P t t t t

h t
t

The hazard function is defined in terms of 
cumulative distribution function F(t) and the 
probability density function f(t) as 

 

( ) ( ) ( ){ }
( ) ( )

1-f t F t

f t S t=

=h t

   (18) 
From equations (2) and (3) we conclude for the 
cumulative distribution functions 

( ) ( ) ( )1
d d

f t F t S t
dt dt

= = −      
     (19) 

 
4.2.1 Life Table Analysis   

The life table is a method for measuring churn 
behavior and describing survival experience of 
bank’s customers. These tables summarize the 
switching behavior of the customers for a specific 
period of time. Considering that the period under 
examination is divided to d intervals of width rd, 
where rd=td+1-td, provide information about the 
number of customers that enter in each interval, the 
number of customers exposed to risk of secession, 
the probability of churn behavior in the d-th interval 
per unit width and an estimation of the survival rate 
in this interval. 
 

 
Figure 1 depicts the life cycle information in a 
period of time T. In the beginning of the study we 
observe the behavior of n customers, while at the 
end of the examined period the number has changed 
to n’ as some clients broke down their cooperation 
with the bank (churn behavior) while for some 
others we don’t have any information (censored 
behavior).  
 
4.2.2 The Proportional Hazard Model 
 
Let n be the number of customers and i their index. 
The Proportional Hazard Model gives an expression 
for the hazard at time t for the i -th customer with a 
given specification of a set of explanatory variables. 
We model these factorial variables, for each 
customer i, using the following p-dimension vector: 

i i i i T
1 2 px = [x , x , . . . , x ]

. Each element 
i
jx
 of 

ix  represents 
products’ attributes or demographical data for 
customer i. Note that j is the index of explanatory 
variables. 
The Proportional Hazard Model proposed by Cox 
can be written as follows: 

( ) ( ) ( )

( ) ( )

∑ p i
j jj=1i b xi

o

o
i i i

1 1 2 2 p p

x h

h

h t, = t  e

t= exp b x + b x +...+b x
  

In (20) 
( )ii xh t,

 represents the hazard for the i-th 

customer at time t, ( )0h t
: represents the baseline 

hazard function and bj: represents the coefficient of 
the covariate j, xij represents the value of the i-th 
customer for the varying covariate j. 

(20) 
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4.3. Results from Survival Analysis 
 

We have considered 6 independent 
i
jx
 (i=1,…,n) 

and (j=1,…6) factorial variables which are x1i = 
gender,x2i = bank’s accuracy, x3i = customers’ 
satisfaction, x4i = service quality, x5i = interest rates, 
x6i = educational level. A European financial 
services company that offers banking and insurance 
services provided the data for this study. 
 
Investigating the survival probabilities, due to life 
tables we conclude that churn behavior differs 
among the range of the factors. Some results from 
our analysis are presented below: 
• The median time, is estimated equal to 45,6 

years old for men and to 45,08 for women. In 
order to examine the power of the Hypothesis 
H1 we used Wilcoxon test, according to which 
we found that there is no difference between 
men and women in the duration of their 
relationship with the bank. 

• A binary variable also represents the factor 
“bank’s credibility”. The median time of 
survival for the customers who consider 
“bank’s credibility” as a strong factor for 
continuing their cooperation with bank is 
estimated up to 38.67 years old and up to 45.65 
for the customers belonging to second 
category. This finding is consistent with 
Hypothesis H2.  

• “Customer Satisfaction” is modelled by an 
ordinal variable with 7scales. (1= totally –
satisfied, 7= no-satisfied). The median time for 
the fully satisfied customers is calculated equal 
to 43.13 years old, while the respectively value 
for the dissatisfied customers is 38 years. 
Hypothesis H3 is affirmed by this proposition. 

• “Service quality” is also model by an ordinal 
variable with 7 scales from 1 (=non important) 
to 7 (=extremely important). The majority of 
the customers of our samples rates this factor 
with values between 4 to 7. The median life for 
these categories is estimated 44.06 years old. 
These results are consistent with Hypothesis 4. 

• The deregulation and the reformation of 
economic markets turned interest rates to a 
very important issue for the customers. 
Variable “interest rates” is modelled by a 
seven-item scale. The likelihood of switching 
behaviour for the customers that characterized 
the interest rates as low or high is higher than 
the customers who rank interest rates with 
values 1-2, 4 and 6-7. These proportions 
suggest that the hypothesis H5 does not totally 
approved. 

• The variable “Educational level” has four 
categories (1=primary school or less, 2= high 

school, 3= university studies and 
4=postgraduate studies). According to the 
results, apart form the customers with low 
educational level which seem to break down 
the relationship with the bank in the age of 45-
55 years old, the impact of this variable is 
increasing the duration of the examined 
relationship for the other three categories is 
limited. Thus, the power of Hypothesis 6 isn’t 
strong enough. 

 
Churn Behavior and Churn Predictors using Cox 
Regression 
 
Figure 2 presents the survival function at mean of 
covariates for all customers included in this study. 
The plot shows that the expected decreasing shape 
suggesting the fact that the longer an individual has 
been a bank customer the smaller the probability of 
survival. From the graph we note that customers 
experience a high switching probability (>0.6) 
(switching probability =1-survival probability 
according to equation (15)) in the age of 35-45. 
After the age of 50 years old the probability of 
survive decreases.  
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Figure 2: Survival Behavior for all customers 
 
The impact of the observed covariates on the 
retention is investigated by the use of the Cox 
Proportional Model, as we described it in equation 
(16)-(20). 
A number of interesting findings emerge from 
proportional hazard model: 
• In terms of demographic characteristics, the 

lower educational level has a positive impact in 
the limitation of the risk of churn behavior 

• Both the quality of the offered services and the 
bank’s brand name has a negative effect in the 
decrease of the attrition. We conclude to the 
same argument for customers’ satisfaction  

• The values of beta coefficients (bj) for interest 
rates signify that “high” and “low” interest 
rates increase the risk of retention. 

 
5. Conclusions 
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In this study an integrated approach for 
reconfiguring a community branch network 
according to the dictates of the market is developed, 
the internal bank resources and the strategic policy 
constraints. a linear programming model which was 
solved via an iterative algorithm that targets the 
optimum number of branches and the optimum mix 
of services that each branch should offer, is 
proposed. The results indicate that through the this 
approach, the branch network at the community 
level can be streamlined and transformed into en 
effective, revenue-generating group of bank nodes. 
 
Secondly a framework in predicting consumer’s 
behavior in new products and services is proposed. 
An estimated probability of an individual to use or 
not to use online banking services is provided by a 
generalized linear model. Individual’s age, the 
difficulties of using the Internet, the fear of the 
changes provoked to the banking sector due to 
technological development and the lack of 
information concerning products and services 
provided to customers through electronic delivery 
channels, are identified as crucial factors that affect 
someone’s decision to use or not to use online 
services. 
 
Finally the churn behavior of bank customers is 
investigated in greek market. With the help of Life 
Tables and the proportional hazard model we find 
out that the quality of the offered banking products 
and services in combination with the bank’s brand 
name have a positively effect in the decrease of 
switching behavior while demographical 
characteristics such as gender and educational level 
have a limited impact.  
Considering this findings in the context of customer 
behavior we conclude that a bank needs to develop 
a CRM systems, in order to estimate the adoption of 
new products and services, decrease the rate of 
retention and brings on its performance. 
Opportunities for further research reside in 
determining segments of customers with common 
characteristics that will contribute in the above 
three objectives. 
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