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Abstract—This research aims at building a prediction model
to predict the effectiveness of internet banking (IB) in Qatar. The
proposed model employs the aspect of hybrid approach through
using the regression and neural network models. This study is
one of the fewest to evaluate the effectiveness of IB through
adopting two data mining approaches including regression and
neural networks. The regression analysis is used to optimize and
minimize the input dataset metrics through excluding the
insignificant attributes. The study builds a dataset of 250 records
of internet banking quality metrics where each instance includes
8 metrics. Moreover, the study uses the rapidminer application in
building and validating the proposed prediction model. The
results analysis indicates that the proposed model predicts the
88.5% of IB effectiveness, and the input attributes influence the
customer satisfaction. Also, the results show the prediction model
has correctly predict 68% of the test dataset of 50 records using
neural networks without regression optimization. However, after
employment of regression, the prediction accuracy of satisfaction
improved by 12% (i.e. 78%). Finally, it is recommended to test
the proposed model in the prediction in other online services such
as e-commerce.
Keywords—Artificial Neural Network (ANN); internet banking
(IB); Artificial Intelligence (AI); e-banking effectiveness;
regression model; rapidminer

I.

INTRODUCTION

The employment of various technological tools in banking
industry can be classified under the umbrella of Electronic
Banking (e-banking), and thus, e-banking can be defined as a
variety of e-channels for carrying on the banking transactions
through various technologies such as telephone, Internet, TV,
computer and mobile [1]. Darwish and Lakhtaria [2] indicated
that the e-banking transactions and services mainly depend on
the information exchange between customers and banking
services providers by means of technological methods without
face-to-face interaction. Therefore, the technology growth has
transformed the method banks deliver the services to customers
[3]. The internet technology features add many advantages to
e-banking such as fast financial transaction and low service
cost, and thus, the Internet technology has a significant impact
on e-banking [4]. In Internet banking, the online transaction
platform play an important role in supporting several services
such as online payment, online shopping, and internet stock
trading [5], [6].
Despite of the internet banking advantages such as fast
transaction, there are still many customers are not satisfied with
the online banking services [7], [8]. Therefore, it is important
to develop an assessment model to measure the effectiveness of
internet banking in terms of customer satisfaction. Several

researches have explored the assessment of e-banking services
quality using data mining methods such as neural, however,
especially in Qatar; few have investigated the prediction of
internet banking effectiveness in a comprehensive manner
through a 2-stage model using prediction and neural models.
So, this research fills the gap in empirical studies because
it tests the effect of the inclusion of two prediction model on
the accuracy of e-banking evaluation. Additionally, it addresses
the gap in literature the prediction using new dataset developed
theoretical model derived from two models including TAM
and D&M2003.
II. LITERATURE REVIEW
This section explains the theoretical foundations of ebanking in addition to the study variables derived from D& M
2003 including the quality factors, customer satisfaction and
usefulness.
1) e-Banking: In the financial industry, the Electronic
Finance (e-finance) has recently become as a common trend
where the e-finance denotes the use of electronic means and
communication to provide the financial services including ebanking, internet banking (IB), electronic trading, and
electronic payment [9]. Kumbhar [10] indicated that e-banking
often denoted the online banking and some researchers
explained that e-banking services has been developed and
expanded because most of banking services are conducted via
electronic channels such as ATM [11]. The e-banking term is
used interchangeably when individuals talk about electronic
financial banking services such as: net-banking, Web-banking
and phone banking [12].
2) Internet banking: The internet banking (IB) is to
perform the financial transactions without need for physical
contact and it is considered as of the examples in employing
technology in banking sector. Moreover, the internet banking
is one of the essential parts of e-banking industry [13]. Many
researchers identified the internet banking as internet portal
that enable the customers to carry out various types of banking
transactions and services using the internet [14].
3) e-Service Quality: It is pointed by many researchers
that service quality is an essential measure for customer
satisfaction where it has a significant impact on customer
satisfaction and company financial performance as a whole
[15], [16].
Service quality is considered as the most common topic in
marketing to date as well as it is the pioneering work of
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Parasuraman whereas the SERVQUAL has developed as a
diagnostic tool for evaluating service quality. Marketing
researchers (such as, Parasuraman et al., [17]) defined the
service quality as the extent to which the service meets the
expectations of customers. Service quality is also defined as the
variation in customers’ expectations for service performance
before and after receiving service [18].
The service quality measures have been discussed by many
researchers (such as, Petter et al. [19], Wang et al. [20],
Alhendawi et al. [21]) SERVQUAL was developed as an
assessment tool to measure service quality and it is widely used
within IS Literature in order to measure the gap between
customer’s expectations and experience. This instrument (i.e.
SERVQUAL) have basically consisted of ten measures
including tangible, reliability, competence, courtesy,
responsiveness, access, credibility, communication, security
and knowledge of customers. Later, the researchers
Parasuraman et al. [17] filtered these measures and minimized
them using factor analysis into five dimensions: tangibles,
reliability, responsiveness, assurance and empathy in order to
measure the service quality from the customers’ point of view.
Table I reveals the meaning of service quality’s dimensions.
4) Customer satisfaction: Many researchers mentioned
that customer satisfaction is considered as one of the critical
issues for service organizations [22], [23], and also, it is
highly important for measuring the quality of bank services
[24], [25]. Based on review, it is obvious that the quality
improvement has a positive impact on the customer
satisfaction level which in turn positively influence the bank
profitability [26]. Additionally, it is pointed by several
researchers that service quality is the most important factor
influencing customer satisfaction [27].
5) Internet banking usefulness: In the Web systems, the
effective use of information for a given purpose [28].
However, the internet banking usefulness can be defined as
the extent to which providers can ease the online services such
as the financial transactions, online payment and others
through adoption of new technological tools [29].
6) Interactivity: For Internet banking, interactivity can be
defined as the degree to which the internet banking provides
an interactive communication with customers [30], [31].
7) Security: The internet banking security means the
extent to which the exchanged data is secured or protected
from threats [32].
8) Ease of use: The ease of use can be expressed as one of
Web system features where the users can use the system easily
without paying much effort [33]. In Internet banking, ease of
use indicates the user view of how easy to learn and use the
online banking operations [34]. Thus, decision makers and
mangers should keep attention to the following metrics: bank
services quality, usefulness, security, ease of use, and
interactivity, as they are essentials for determining and
improving the customer satisfaction. The following section
represents the theoretical model which shows the relationships
between the input and output data.

TABLE I.

SERVICE QUALITY DIMENSIONS (ADAPTED FROM
PARASURAMAN ET AL. [17])

No.

Dimension

Meaning

1

Tangible

Physical facilities, equipment and appearance
of personnel

2

Reliability

Ability to perform the promised service
dependably and accurately

3

Responsiveness

Willingness to help customers and provide
prompt service.

4

Assurance

Knowledge and courtesy of employees and
their ability to inspire trust and confidence.

5

Empathy

Caring, individualized attention the firm
provides its customers.

III. THEORETICAL FRAMEWORK
Based on the literature review (Alhendawi et al. [35], [36],
Petter et al., [37], Delone & Mclean [38]), it is essential to use
the quality factors such as service quality, security, privacy and
usefulness as a success factors to identify the e-Banking system
effectiveness in terms of customer satisfaction. Moreover,
Alhendawi [39] indicated that the AI tools such as artificial
neural network and regression can be considered as effective
methods in predicting the e-Banking effectiveness as output
variable (i.e. customer satisfaction). Accordingly, Fig. 1 reveals
the proposed conceptual model used in the prediction of the eBanking effectiveness in terms of customer satisfaction with
Internet banking.

Fig. 1. The Proposed Theoretical Framework.
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IV. RESEARCH METHODOLOGY
To achieve the research objectives, the authors adopt a
methodology of two stages including Dataset and regression
stage, and the neural model learning stage. Fig. 2 demonstrates
the research methodological steps of the proposed prediction
model.

3) Reliability: The result of reliability test shows that the
reliability of the research scales was relatively high. The value
of Cronbach’s Alpha of the research scales as a whole was
0.90. Based on Table II, the value of Cronbach’s Alpha for the
study scales of responsiveness, reliability, assurance and
empathy, interactivity, security, ease of use, usefulness and
effectiveness were 0.869, 0.918, 0.865, 0.717,0.866, 0.864,
0.730, 0.881 and 0.916, respectively.
B. Building Dataset
Based to previous survey study analysis, there are eight
causal factors or determinants (responsiveness, reliability,
assurance and empathy, interactivity, security, ease of use, and
usefulness) and one target (IB effectiveness). Because we have
used a Likert scale of 5 points, we consider the mean of
customer satisfaction to evaluate whether the IB system is
effective or not.
C. Optimization and Regression
Based on the proposed method, the optimization is the final
step of stage one in which the regression analysis is used to
optimize the input attributes. The regression is employed to
identify the significant input attributes in order to optimize the
prediction process, and thus, the validation test of the proposed
model takes into consideration the results of regression analysis
as an input for neural networks prediction. The following chart
shows the validation steps of the proposed model.
Fig. 3 shows the flowchart of prediction model validation
in order to decide regarding the improvement of prediction
accuracy of neural networks. It is clearly seen that the proposed
model adopt the aspect of mix approach through using a 2-step
prediction.
D. Implemented Neural Network Model
Based on the mentioned methodology, first, the Rapidminer
is used to build the neural network model with eight input
metrics and one output target (i.e. IB effectiveness). Fig. 4
shows the neural model of eight inputs metrics with one output.

Fig. 2. The Research Methodology.

A. Stage 1: Building Data Set and Optimization
In this stage, an instrument or questionnaire of nine
variables (i.e. factors) was built to include the service quality,
security, usefulness, and interactivity, ease of use and
satisfaction metrics of the Internet banking.

Second, we applied the regression model to optimize the
input dataset based on the significance of its elements, and
then, implement the second neural network model with six
significant inputs or metrics.
TABLE II.

1) Scaling: A Likert scale of five points is used in order to
measure the response of internet banking customers regarding
the service quality, interactivity, security, ease of use,
usefulness and effectiveness metrics. The metrics are rated by
users from strongly agree to strongly disagree.
2) Data collection: The research includes the survey of
250 internet banking customers about their satisfaction with
the IB system in Qatar. The survey includes the perceptions of
IB users regarding nine metrics: four service quality metrics
for responsiveness, reliability, assurance and empathy. The
remaining five metrics are interactivity, security, ease of use,
usefulness and effectiveness.

CRONBACH’S ALPHA OF STUDY VARIABLES

Variable

Cronbach’s Alpha

Responsiveness

0.869

Reliability

0.918

Assurance

0.865

Empathy

0.717

Interactivity

0.866

Security

0.864

Ease of use

0.730

Usefulness

0.881

Satisfaction with IB Effectiveness

0.916
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The proposed ANN model is trained by 250 records where
the training data set includes 200 records. For validating and
testing purposes, the researcher used 50 records as testing data.
A. Regression
The regression analysis is used to specify the significant
input attributes that contribute to the effectiveness of internet
banking in term of customer satisfaction. Table III shows the
significance of input attributes including: responsiveness,
reliability, assurance, empathy, security, and usefulness, and
interactivity, ease of use and satisfaction metrics of the Internet
banking.
TABLE III.

SIGNIFICANCE OF INPUT METRICS

Attribute

Correlation

t stat

Ease of use

0.009

0.355

Significance
(P-Value)
0.723

Responsiveness

0.066

2.476

0.014

Assurance

0.078

2.841

0.005

Empathy

-0.029

-1.333

0.183

Reliability

0.051

2.086

0.038

Interactivity

0.096

3.492

0.011

Usefulness

0.069

2.276

0.002

Security

0.718

26.590

0.000

R

0.941

R2

0.885

Also, based on Table III, it is obvious that the input
attributes contributes to the effectiveness of internet banking by
0.885, and therefore, the 8 input attributes contribute to the
change in the customer satisfaction by a percentage of 88.5%.
Additionally, it is shown that the two metrics ease of use,
empathy are insignificant where the P-value for them are
0.723, 0.183; respectively. Generally, the proposed model
metrics is suitable to predict the value of IB effectiveness. The
following two subsections show the results of prediction before
and after regression optimization.

Fig. 3. Validation Process Flowchart.

B. The Predicted Results before Optimization
Practically, 20% of data set are used as test dataset (i.e. 50
out of 200 records). The following shows the prediction
accuracy of regression and neural models before optimization
(i.e. before removing the insignificant attributes).
1) The results of regression prediction: The regression
model results show that 32 of 50 effectiveness value can be
correctly predicted. Table IV shows the regression prediction
statistics where the eight input attribute are counted in the
prediction model.
Fig. 4. The Neural Model.

TABLE IV.

V. EXPERIMENTAL RESULTS AND FINDINGS
In this research, the regression and neural network models
are employed to build the proposed evaluation model in order
to gain the features of the two prediction models.

Regression

REGRESSION STATISTICS

Correctly
predicted

Incorrectly
Predicted

Prediction
Success Ratio

No of input
attributes

31

19

58%

8
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2) The results of neural networks prediction: The neural
model results show that 34 of 50 effectiveness value can be
correctly predicted. Table V shows the neural prediction
statistics where the eight input attribute are counted in the
prediction model.
TABLE V.

Neural

Incorrectly
Predicted

Prediction
Success Ratio

No of input
attributes

32

18

60%

8

Therefore, there is a slight difference in the prediction
success ratios where the success ratios of regression and neural
are 58% and 60%, respectively.
C. Predicted Results after Optimization
Based on the results shown in Table III, there are two
insignificant attributes or metrics with p-vale > 0.05. The two
input metrics are ease of use and empathy. Based on the
proposed prediction model, the significant input attributes
resulted from regression are used as inputs for neural
prediction. Thus, above two metrics are removed from the
input attributes, and six significant attributes are used in the
new neural prediction model.
Fig. 5 shows the neural network structure after optimizing
the input attributes to become six attributes. Table V shows the
neural prediction statistics where six-significant input attributes
are counted in the prediction model.
Based on Table VI, the success prediction ratio after
regression optimization (i.e. using 6 significant inputs) is 78%
and this means the prediction is improved by 18%. This means
after optimization of inputs, neural model succeeds in
predicting 39 out 50 data elements which are obviously seen in
Fig. 6.

Fig. 5. The Neural Network after Regression.

Neural

THE NEURAL PREDICTION STATISTICS WITH 6 ATTRIBUTES
INPUTS

Correctly
predicted

Incorrectly
Predicted

Prediction
Success Ratio

No of input
attributes

39

11

78%

6

39

32

40

18

20
0

THE NEURAL PREDICTION STATISTICS WITH 8 ATTRIBUTES
INPUTS

Correctly
predicted

TABLE VI.

60

60%

11

8

78%

6

Neural(before Regression) Neural (After regression)
Correctly predicted

Incorrectly Predicted

Prediction Success Ratio

input attributes

Fig. 6. The Success Rations of Prediction.

Table VII shows the success status of the tested 50 cases
where 1 denotes that the prediction of customer satisfaction
succeeds, however, 0 means the proposed model fails to predict
the satisfaction with Internet banking.
The following charts in Fig. 7, 8, 9, 10, 11 and 12
demonstrate the relationships between the internet banking
effectiveness in terms of customer satisfaction and its
predictors including responsiveness, reliability, assurance,
empathy, interactivity, usefulness, ease of use and security.
D. The Relationships between Input Attributes and Predicted
Customer Satisfaction
The x-axis represents the customer satisfaction attribute. In
particular, Fig. 7 reveals that the attribute of responsiveness
significantly influences the customer satisfaction with Internet
banking.
TABLE VII.

THE STATUS OF CASES PREDICTION

Case ID

Status

Case ID

Status

Case ID

Status

C1

1

C18

1

C35

1

C2

1

C19

1

C36

1

C3

1

C20

1

C37

0

C4

0

C21

0

C38

1

C5

1

C22

1

C39

1

C6

0

C23

1

C40

1

C7

1

C24

1

C41

0

C8

1

C25

1

C42

1

C9

0

C26

1

C43

1

C10

1

C27

1

C44

1

C11

1

C28

1

C45

1

C12

1

C29

1

C46

1

C13

1

C30

1

C47

0

C14

0

C31

0

C48

0

C15

1

C32

1

C49

0

C16

1

C33

1

C50

1

C17

1

C34

1
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0.00
Satisfaction
Fig. 7. The Impact of Responsiveness on Internet Banking Effectiveness.

Reliability

Fig. 11. The Impact of Reliability on Customer Satisfaction with IB.

Also, Fig. 8, 9, 10, 11 and 12 demonstrate that the
remaining five attributes follow the same pattern, i.e. as the
reliability, assurance, interactivity, security and usefulness
attributes increased the customer satisfaction increased.

10.00
5.00

8.00
4.00

0.00
C49
C45
C41
C37
C33
C29
C25
C21
C17
C13
C9
C5
C1

6.00

Satisfaction

2.00
C49
C45
C41
C37
C33
C29
C25
C21
C17
C13
C9
C5
C1

0.00
Satisfaction

Security

Fig. 8. The Impact of Security on Internet Banking Effectiveness.

8.00
6.00
4.00
2.00
C49
C45
C41
C37
C33
C29
C25
C21
C17
C13
C9
C5
C1

0.00
Satisfaction

Usefulness

Assurance

Fig. 12. The Impact of Assurance on Customer Satisfaction with IB.

Based on the correlation analysis of test data set, it is found
the six attributes have a relatively high correlations with
customer satisfaction with IB (i.e. correlation coefficient r
>0.5). The highest four correlations are for the attributes:
security, assurance, responsiveness, and usefulness (0.919,
0.696, 0.665 and 0.657), then the last two correlations are for
interactivity and reliability (0.596 and 0.563).
VI. CONCLUSION AND DISCUSSION
This research aims at evaluating the internet banking (IB)
effectiveness based on the eight quality attributes:
responsiveness, reliability, assurance, Empathy, interactivity,
security, usefulness and ease of use. The questionnaire is used
for gathering the dataset attributes regarding the internet
banking services in Qatar. The dataset has 250 records
divided into training and testing datasets by the percentages
80% for training and 20% for testing (i.e. 50 records).

Fig. 9. The Impact of usefulness on Customer Satisfaction with IB.

8.00
6.00
4.00
2.00
C49
C45
C41
C37
C33
C29
C25
C21
C17
C13
C9
C5
C1

0.00
Satisfaction

Interactivity

Fig. 10. The Impact of Interactivity on Customer Satisfaction.

The collected records were used as input dataset for
regression model in order to optimize and find the significant
input attributes, and then, the optimized 6 attributes are used to
train the neural network model. Practically, a new hybrid
approach using artificial neural network was proposed for
determining the relationships between research variables. In
this research, the rapidminer software is used to build the
neural model using 8 inputs and one target (IB effectiveness).
The accuracy of the proposed model has been done by
using a dataset of 50 records. The obtained results provided an
evidence that the results of the proposed prediction model are
suitable for handling the nonlinear relationships. Moreover, as
the proposed ANN model correctly predicted 39 target values
out of 50 (i.e. correct prediction percentage = 78 %), based on
the results (i.e. improvement in prediction by 18%), the neural
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network is useful in predicting the effectiveness of online
services. Furthermore, it is found that the input attributes
including responsiveness, reliability, assurance, empathy,
interactivity, usefulness, ease of use, and security influence the
internet banking effectiveness which is measured in terms of
satisfaction. This research is one of the fewest to consider the
eight input attributes as IB effectiveness predictors. Second, the
research helps the decision makers to decide regarding the
improvement of their online services, which in turn increase
the customer satisfaction with online transactions such as
internet banking services.
One of the major limitations of the research was that the
proposed prediction model did not consider all customer
satisfaction predictors. Second, the accuracy of prediction is
reasonable (i.e. 78%), and thus, more improvement can be
applied on the proposed intelligent model through to the other
remaining quality attributes such as Technology Acceptance
Model (TAM) attributes as predictors in the upcoming
research.
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