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Abstract— the large volume of customer data in the credit
the industry makes the development of an effective credit
scoring model extremely important. The use of an ensemble
model on statistical methods to solve credit scoring problems
managed to get the best predictive performance. Ensemble
performance can still be improved by estimating the parameters
using nonlinear equations. This paper proposes the estimation
of the Ensemble Logistics Regression using Newton Raphson
parameter in order to increase the accuracy of the ordinary
Logistics Regression model. The results showed that our
proposed method successfully improved the accuracy
performance of the origin classifier up to 2.6% in the credit
scoring.
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L INTRODUCTION

Credit scoring or credit assessment is a valuation method
used by banks or other financings, that is useful for
determining whether it is feasible or not to get a loan [1].
Credit scoring is a collection of customer data taken from
customer loan application data in addition to using a statistical
program that contains the history of loans, including how the
cycle of payment of bills, payment of bills on time or not, how
much credit is still or ever existed. Credit ratings help banks
analyse credit applications in addition to other qualitative
factors [2]. In addition, with credit scoring creditors can
compare debtor information with other customers' loan

performance with the same profile.

The function of credit assessment is to help the bank
determine whether the loan 1s approved or not [3], but also
determine how much the loan will be obtained, how many
conditions are obtained and how much interest the loan will
charge. If it turns out the results of a small credit rating,
chances are you can still get a loan but with higher interest, or
are required to provide collateral. Basically, credit scoring is a
matter of classifying the feasibility of prospective debtors [4],
that is, candidates for good or bad debtors based on their
characteristics.

Lending is based on credit standards. Financial institutions
in general already have a selection tool for prospective
customers who will be given financing or credit. Credit is
given to customers who meet certain specified criteria.
However, the selection process does not eliminate the
occurrence of poor quality or problematic financing which is
popular with the term NPL or non-performing loans.
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Supposedly, if the selection or analysis carried out goes
well, then the tool for selecting is also good, then the selection
results will be obtained that are good, quality or worthy to be
given funding. Provision of the appropriate financing to
prospective debtors will ultimately improve the quality of
financing of the financial institutions concerned. But in
reality, debtors who were successfully selected because they
were considered worthy in the end there were problems that
caused the quality of financing to be bad.

Many method approaches have been developed to try to
choose a credit rating model that is better in classifying and
predicting the risk of potential debtors.

Classification is a form of data analysis that looks for a set
of models, patterns or functions that describe and differentiate
data objects to be grouped into specific classes from a number
of available classes [5]. In classification, there are three main
stages, namely identification or formation of models based on
training data, evaluation of models and application of models
using data testing. The variables used in the classification
consist of predictor variables which are factors that influence
or can describe the response variable. In this case, the response
variable is in the form of a categorical variable, both of which
have order (ordinal) or not (nominal) [6].

Some statistical methods that are often used in
classification through categorical data analysis, ie. Binary
Logistic Regression (BLR), Multinomial Logistic Regression
(MLR), Ordinal Logistic Regression (OLR), Logistic
Regression Ensemble (LORENS) and Log-Linear Regression.

Another method is given in [7] by estimating artificial
neural networks and proposing a model in credit ratings. The
Logistics Regression model has better performance than other
methods on classifying the good and bad debtors. A recent
review has been given in [8] to learn about the latest
classification algorithms on the application of credit cases.
The conclusion stated that for the case of credit score, the
Logistics Regression method gets better accuracy results.

This paper proposes the classification of the Ensemble
Logistics Regression with the bagging method for credit
assessment. the use of the bagging method was chosen to
improve the accuracy of artificial and real dataset classifiers
by combining a single classifier, and the results were better
than random sampling [9]. Bagging is a simple but effective
ensemble method and has been applied to many applications
in the real world [10]. Bagging can be really useful to build
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better classifiers when observing training data sets that contain
noise [9]. While the focus of this investigation is to estimate
the Ensemble Logistic Regression using Newton Raphson
parameters. Newton Raphson was chosen because it can solve
nonlinear data types by interpreting initial values for their
maximum functions.

II. RESEARCH METHODOLOGY

A. Credit Scoring

Credit scoring is a method used to evaluate credit risk in
teffis of loan applications from consumers [11]. This method
is used to classify consumers who apply for credit included in
the group of good or bad. Credit scoring attempts to classify
the diversity of the characteristics of consumers who submit
credit requests based on mistakes and negligence of
obligations. This method produces a calculation that can be
used by credit service companies to classify the conditions of
consumers who apply for credit in relation to credit risk.

To create a "scorecard" scoring model in determining the
characteristics of debtors, the development of data analysis is
done by looking at the historical data of consumer credit that
has been approved by the company or not. The results of this
scoring will be useful to predict whether the prospective
debtor can carry out the loan well or poorly.

In many cases of scoring systems, with a high scoring
value will reduce the value of risk, and the crediting company
that provides credit services can determine the calculation
limits for accepting or rejecting consumer credit applications
based on the value of risk owned. With reference to the credit
scoring model that has been formed, the company will
approve credit applications if the submitted application has a
score above the minimum limit andffject the application if the
application submitted has a score below the minimum limit.
Although the credit scoring model can further determine the
company's policy for accepting or rejecting credit requests
from consumers, it is possible to make a prediction error on
the valuef§f each potential customer to be given credit
facilities. Therefore, to build a good credit scoring model,
sufficient historical data is needed.

The credit scoring model is formed through a series of
statistical processes that can be used to forecast new data. The
process of applying a model that has been formed is different
from the process of informing or making a model. In
particular, a credit scoring model that is formed can be used
for a long time to calculate or predict new data. During the
process of establishing the credit scoring model, information
from consumers in the form of data is then processed with the
help of statistical software. Eventually, a model which has an
output in the form of a decision for consumers will be
produced.

There are several methods that can be used to produce a
credit scoring model, including discriminant analysis, linear
regression [12], logistic regression, probability analysis,
decision tree [13], and so on. In this research, the method that
will be discussed to solve the credit scoring problem is the
Ensemble Logistics Regression Classifier method.

B. Logistics Regression Classification

The original classification in this study uses Logistic
Regression, is one approach to a mathematical model that is
used to analyze the relationship of several factors with a
dichotomous variable (binary). That is, in binary logistic
regression the data on the response variables are binary (0 and
1). These binary numbers describe two opposing data
categories, such as good or bad, yes or no, etc.

The equation obtained from the logistic regression process
is used to calculate predictions in the credit application
process. The bank classifies someone as feasible or not to
receive a loan from the bank. Several questions were given to
the bank regarding prospective credit recipients. Questions
asked about the characteristics of the prospective capital
recipient variable are independent variables that will be
inputted by bank officers into the model. From some of the
variables in question, bank officers can determine the chances
of the prospective recipient of the loan being able to return the
loan or not, a value between 0-1.

Scores of the model use binary numbers where 1 for good
debtors and 2 for bad debtors, and each independent variable
gives a dependency on each score [14]. The classifier function
is shown by “equation (1)”.

log (ﬁ) =FiEnp® « xO 4o = fTx + g, (1)

Where [ is a parameter, e an error i, where i=1, 2, ..., n.

Logistic regr@iun will form predictor or response
variables, which is a linear combination of independent
variables. The value of this predictor wvariable is then
transformed into a probability by the logit function.

The logistic model is expressed in the form of a probability
model in which this response variable is the logit of the
probability of a situation or attribute that will apply with the
terms or conditions of certain independent wariables.
Following this is the logistical regression probability model
found in "equation (2)".

eBTx+e

P = T ofTxre 2

The estimation of Logistic Regression parameters can be
obtained in two ways, i.e., Maximum Likelihood Estimation
(MLE) and Newton Raphson. However, this study uses the
parameters of Newton Raphson. Newton Raphson is a method
for solving nonlinear equations such as solving likelihood
equations in the Logistics Regression models (14). The
Newton Raphson method requires an initial estimation of its
maximum function value, in which the estimation using a
polynomial approach of degree two.

In this case, to determine the estimation of £ value of
which is the maximum function of g(f). Suppose q¢' =
dg @ . o
(—g,—g, ), and suppose H is denoted as a matrix with

581" 5p2

members hg, = suppose ¢' and H" is a form of

ag
SB18p2
evaluation of ' estimate to t at 8. In step t in the iteration
process (t=0, 1, 2, ...).
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C. Ensemble Bagging Classification

The focus of this classification is to solve similar problems
by combining a set of classifications to obtain a more accurate
classification [15], [16]. Bagging is a method that combines
bootstrapping and aggregating [9].This bootstrap sample is
obtained by resampling with replacements from the original
dataset to produce the same number of elements from the
original dataset. Bagging can be really useful to build better
classiffifs when observing training data scts that contain
noise. The main idea of the ensemble method is to combine
several sets of models that solve a similar problem to get a
more accurate model. Illustration of the ensemble method can
be seen in "Figure 1".

Classifier 1
II Classifier 2 '\
Classifier N

Fig.l. Nustration of ensemble method [17]

Bagging is good for classification and regression [18]. In
the case of regression, to be better, one can take averages when
combining predictions. Bagging one of the stable learning
algorithms on small changes in the training set causes a large
difference in the students produced, namely the learning
algorithm on data that has high variance (noise). High noise
affects the new classifications produced, thus causing miss-
classification [19]. Noise in terms of prediction accuracy can
be improved by using classifier-ensembles [20].

Bagging o significantly increase accuracy significantly
compared to individual models and is stronger against the
effects offbise and overfitting than the original training data
[5], [21]. Bagging Algorithm [18]:

Looping forb=1,2... . B

e Create a bootstrap sample {(X, Y1 #) 1 *, (X, Y2 #), ...,
2 # (Xn *, ¥n *)} with random replacement from
training data {(X1, Y1), (X2 , ¥2), .., (Xn, Yn)}
matches the Cb classifier turned on in the appropriate
bootstrap sample.

e Final classifier output calculated using “equation (3)”.
C(x) =B~ Ej-; Cp(%) 3

D. Performance Evaluation

To measwe performance, use confusion matrix.
Confusion matrix provides decisions obtained in training and
testing [22]. Confusion matrix provides an assessment of the
perforfi@nce of classifications based on true or false objects
[23]. Confusion matrix is a 2-dimensional matrix that
illustrates rﬂ comparison between predicted results and
reality [24]. For unbalanced data, accuracy is more dominated
by accuracy in minority class data, then the right metrics are
AUC (Area Under the ROC Curve), F-Measure, GMean,
overall accuracy, and accuracy for minority classes [25].
Minority class accuracy can use the TPrate / recall (sensitivity)
metric. G-Mean and AUC are more comprehensive evaluators
of predictors in the context of imbalance [26]. To do the
calculations used “equation (4)” [23]:

TP+TN

Accuracy = ————
Y TP +TN +FP+ FN

G

III.  RESULTS AND DISCUSSION

The focus of this research is to look at the use of Newton
Raphson parameters from the Logistic Regression
classification ensemble. This is because the estimation of
Newton Raphson parameters can improve the performance of
the Logistic Regression classification ensemble. Logistic
Regression will be used as a single classification and the
ensemble technique used is bagging.

A. Dataset

The data used and processed to test the proposed model
are Australian and German datasets. Both datasets are used to
test the classification model for credit rating problems.
General information is presented in Table L

TABLEL DESCRIPTION OF DATASET
Dataset #Debtors Debtors T Debtors #Attributes
(good) (bad}
. australian 690 l 307 . 383 14
german 1,000 700 300 20

Next, the dataset in Table I compares 70% (training) and
30% (testing) to assess model performance.

B. Performance Evaluation

Performance evaluation of the proposed non-linear
ensemble Logistics Regression classification method uses test
processes written in the python programming language. The
level of accuracy based on our application results is given in
Table I both for the ordinary Logistics Regression model and
the model which is resulted from the estimation of Newton
Raphson parameter of the Ensemble Logistics Regression.

TABLE IL CLASSIFICATION RESULTS
G Australian
Classification d ’"mﬂ, dataset
ataset (%4) o
(%)
Logistic regression 77.0 859
Ensemble logistic regression 796 869

Table II shows the classification results using ordinary
Logistic Regression model for the German and Australian
datasets, respectively, gives classification accuracy of 77.0%
and 85.9%. Whereas, the Ensemble Logistics Regression
based on the estimation of Newton Raphson parameter
increases the accuracy to 79.6% and 86.9% for both German
and Australian datasets, respectively.

Although the increasing accuracy is not very significant
due to the Australian dataset only increased by 1% and the
German dataset only increased by 2.6%. but in this study
obtained when the number of iterations 10 to 50 affects the
accuracy of the ensemble classification Logistic Regression
but if iteration> 50 accuracy value becomes constant. the
proposed method is sensitive to small amounts of data.
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IV. CONCLUSION

This paper has proposed an ensemble Logistics Regression
method with bagging technique for credit scoring. The focus
of the investigation is to estimate the ensemble Logistics
Regression model using the Newton Raphson parameter. The
proposed method successfully increased the accuracy of the
ordinary Logistics Regression classification. The accuracy
method yields 79.6% and 86.9% for German and Australian
dataset, respectively. The number of iterations 10 to 50 affects
the accuracy of the classification, however, constant accuracy
value has happened when the iteration > 50 and the proposed
method is sensitive to the small amount of data.
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