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Backpropagation network is the most widely used model of neural network. It is based on some information 

obtained from Levenberg-Marquardt algorithm which is a learning algorithm in backpropagation network that 

produces the smallest error rate. Calculation error rate is based on one of the network parameters which is the 

learning rate. In this research, the analysis was performed to measure the correlation between the level of 

network errors and learning rate. The analysis began with the development of program code to run a learning 

algorithm that generated error rates which were based on the variation value of 0.01 to 1.0. The results in the 

form of error rate and learning rate were analyzed using correlation analysis. From the analysis result, it was 

concluded that no significant correlation found between the level of errors generated by the network and the 

learning rate at 5% α. 
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1.  INTRODUCTION 

Backpropagation is the most widely used type of unsupervised 

learning paradigm in artificial neural networks (ANN), 

especially in the system development to solve the problem. 

Systems known having used this backpropagation had been 

studied to detect intrusion in banking system and to estimate the 

longitudinal velocity field in open channel junctions.1-3 In other 

cases, backpropagation as a multilayer perceptron was used in 

simulation of open channel bend characteristics and was further 

used in the prediction of flow parameters in 90° open channel 

bends.4-5 The network structure in this paradigm uses more than 

one layer (multi-layer) to change the weights connected with 

neurons that exist in the hidden layer. Learning for ANN is a 

process where the free parameters of ANN is adapted through a 

process of continuous stimulation by the environment where the 

network belongs.6 An ANN learns from its experience. Usual 

learning process includes three tasks, namely: 1) network 

output, 2) comparing the output with a desired target, and 3) 

adjusting the weights and repeating the process.  

There are several training algorithm contained in 

backpropagation method, including Fletcher-Reeves Update, 

Polak-Ribiĕre, Powell-Beale Restarts, Scaled Conjugate 

Gradient, Gradient Descent, Gradient Descent with Adaptive 

Learning Rate, Gradient Descent with Momentum and Adaptive 

Learning Rate, Resilent Backpropagation, BFGS, One Step 

Secant, and Levenberg-Marquardt.7 Each of these algorithms 

has procedures in accordance to the processing characteristics. 

As a system of learning from experience, ANN does not release 

results definitively in accordance to the given input which may 

lead the errors to occur. Calculation of mistake or error is a 

measure of how well the network can learn the new pattern 

which is easily recognizable. Error at the output of the network 

is the difference between actual output (current output) and the 

desired output. The difference is then usually determined by 

computation of MSE (Mean Squared Error).  

In performing its function, backpropagation network is 

influenced by several parameters, which are the number of 

neurons in the input layer, the maximum allowable epoch, the 

magnitude of the learning rate, and the target error. Each 

parameter has value variations that affect the output of the 

network. The research conducted in stages has examined the 

learning algorithms in backpropagation network to find the 

most optimum algorithm.8-14 From twelve learning algorithms 

in the backpropagation network, Levenberg-Marquardt learning 

algorithm is the most optimal algorithm that generates smallest 

error of 0,001001. This research is performed to analyze the 

correlation between the level of error rate networks and the 

learning rate (lr) of Levenberg-Marquardt algorithm. The 

expected benefit of this research includes an overview of the 

estimated level of error made using the value of the certain of 

learning rate (lr). 
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2.  MATERIALS AND METHOD 

This study began with the development of a computer program 

using MATLAB programming language to run a learning 

algorithm. The program input was a form of random data with 5 

neurons, 10 neurons, and 15 neurons structure in the input layer, 

and one neuron in the output layer. The variables used were as 

follows: 

• Control Variables (values vary): the input data, the 

maximum epoch (= 10,000), the target error (= 10-3). 

• Independent Variable (values vary): learning rate (lr) 

• Dependent Variable: error rates generated by Levenberg-

Marquardt algorithm. 

In order to achieve error, the program used MSE. MSE is a 

function that measures the network performance based on the 

average of squared error as the following equation 1. 

��� �
∑ ∑ ���	
��	�



�	

�	��
                                    (1) 

Tjp = the output value of the neural network 

Xjp = the desired target value for each output 

np = the total number of patterns 

no = the number of outputs 

The analysis was aimed to determine the relationship between 

the level of the resulting error of networks and learning rate of 

the Levenberg-Marquardt learning algorithm, and was 

conducted in these following stages:15 

1) Determining hypothesis  

H0 : there is no correlation between the level of the resulting 

error rate of the network and learning rate 

H1 : there is a correlation between the level of the resulting 

error rate of the network and learning rate 

2) determining the value of alpha (α)  

3) determining the testing equipment  

 

Test equipment used in this case was a F-test as in equation 

2.  

Fcal = 
MSE

MST
   Fk-1, N-k                                                     (2) 

where  MST = Mean Square of Treatment 

MSE = Mean Square of Error 

4) drawing conclusions 

Conclusions drawn by the significant value gained (sig.) with 

the provisions of Ho was rejected if sig. < . 

3. RESULTS AND DISCUSSION 

One of supervised learning paradigm types in artificial neural 

networks (ANN) is backpropagation as presented in Figure 1. 

 

Fig 1. Learning Process in ANN 

In Figure 1, the network consists of n units (neurons) in the 

input layer i.e. x1, x2, ..., xn, a hidden layer with m neurons i.e. 

z1, ..., zm, and 1 unit of neuron in the output layer y. The 

weights that connect the neurons in the input layer to the 

neurons in the hidden layer are v11 (weights connecting x1 to 

z1), v12 (weights connecting x1 to z2), ..., v1m (weights 

connecting x1 to zm), v21 (weights x2 to Z1), v22 (weights 

connecting x2 to z2), and v2m (weights connecting x2 to zm). The 

weights are symbolized by vij (i.e. the weights that connect the 

i-th input neuron to the j-th neuron in the hidden layer). The 

bias weights leading to the first and second neurons of the 

hidden layer are b11 (the bias weight connecting to z1), b1m (the 

bias weight connected to zm). The weights that connect the 

neurons in the hidden layer are z1, ..., zm while in the output 

layer (y) are w1, ..., wm. The bias weight of b2 is the bias weight 

that leads to the neuron in the output layer. The activation 

function used in the connection of the input layer and the 

hidden layer and in the connection of the hidden layers and the 

output layer is a deferred activation function. 

As shown in Figure 1, this research also used 1 output neuron. 

To produce output, ANN performed a learning process working 

on experiences. The learning process in ANN is presented in 

Figure 2. 

 

 
Figure 2. Learning Process in ANN 

The input data network was randomized betweem each 5 

neurons input, 10 neurons input, and 15 neurons input. In this 

case, the data of 5 neurons input was presented as in Table 1. 

The independent variables in this study were the learning rate 

with the value of 0.01; 0.05; 0.1; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8; 

0.9; 1.0. The computer program was coded with MATLAB 

(Figure 3) and compiled 20 times for each learning rate. 

Program output was in the form of an average of error (MSE) of 

Levenberg-Marquardt algorithm performance for each variation 

in the learning rate (lr) as shown in Table 2. 

Table 1. Network input and 5 neurons target data  

X1 X2 X3 X4 X5 Y 
9.5013 7.6210 6.1543 4.0571 0.5789 2.0277 

2.3114 4.5647 7.9194 9.3547 3.5287 1.9872 
6.0684 0.1850 9.2181 9.1690 8.1317 6.0379 

4.8598 8.2141 7.3821 4.1027 0.0986 2.7219 

8.9130 4.4470 1.7627 8.9365 1.3889 1.9881 



 

9184 

 

Adv. Sci. Lett.  24(12), 9182-9185                                         RESEARCH  ARTICLE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Source code of ANN computer program  

Table 2. MSE Results of Levenberg-Marquardt learning algorithm for each random data and lr 

No. 
5 random data  10 random data 15 random data 

lr MSE lr MSE lr MSE 

1 0.01 .000198685800 0.01 .000185121492 0.01 .000284530950 

2 0.05 .000179383180 0.05 .025779882093 0.05 .000248148088 

3 0.1 .000186550202 0.1 .000126952176 0.1 .000168452917 

4 0.2 .000147757748 0.2 .000185485482 0.2 .000276679704 

5 0.3 .000198685800 0.3 .009731951112 0.3 .000246095458 

6 0.4 .000192124870 0.4 .000265669001 0.4 .000249492183 

7 0.5 .000203676863 0.5 .009751811074 0.5 .000246095458 

8 0.6 .000109168261 0.6 .000185485482 0.6 .000249492183 

9 0.7 .000210012926 0.7 .009731951112 0.7 .000163407430 

10 0.8 .000198685800 0.8 .000265695786 0.8 .000246095458 

11 0.9 .000116184938 0.9 .000126209131 0.9 .000249492183 

12 1 .000203676863 1 .000294526060 1 .000163407430 

 

The research data were assumed to be normal and 

homogenous as they came from the same population. 

Correlation analysis was performed using F-test with df1 = 1 

and df2 = 718 (Table 3). The calculation of the F value was 

performed using SPSS. 
Table 3. Correlations 

  lr MSE 

lr Pearson Correlation 1 -.036 

Sig. (2-tailed)  .336 

N 720 720 

MSE Pearson Correlation -.036 1 

Sig. (2-tailed) .336  
N 720 720 

Using Pearson Correlation, a negative correlation was found 

between the learning rate (lr) and the error generated by the 

network (MSE) is -0.036. This means that the higher lr will 

result in smaller resulting error. Otherwise, based on the 

analysis, the resulting significance value (0.336) was larger than 

α (5% = 0.05) hence Ho was accepted. This, in turn, means that 

there was no significant correlation between the error generated 

by network and learning rate (lr). The value of F-calc obtained 

after consultation with F-table (0.95, 1, 718) = 3.854443 was 

0.928. It was much smaller hence Ho was accepted. This means 

that there was no significant correlation. According to the 

Pearson Correlation (r) value of -0.036, the correlation was very 

small and negative. This means that the higher learning rate will 

generate smaller error. 

clc; 
disp('================================================') 

for i=1:20, fprintf('\nIterate: %d\n', i) 

clear; data_5; //can be replaced with data_10 or data_15 
P = P'; T 

 

%Input & Target 
net = newff(minmax(P), [10 1], {'tansig' 'purelin'}, 'trainlm'); 

 

%first weights  
FirstWeightInput = net.IW{1,1}; FirstWeightBiasInput = net.b{1,1}; 

FirstWeightLayer = net.LW{2,1}; FirstWeightBiasLayer = net.b{2,1}; 

 
%set training function 

net.trainParam.epochs = 10000; net.trainParam.goal = 1e-3; 

net.trainParam.lr = Learning_rate; net.trainParam.mc = 0.3; 
net.trainParam.min_grad = 1e-10; net.trainParam.show = 500; 

 

% training function 
net = train(net, P, T); 

 

%end weights 
EndWeightInput = net.IW{1,1}; EndWeightBiasInput = net.b{1,1}; 

EndWeightLayer = net.LW{2,1}; EndWeightBiasLayer = net.b{2,1}; 

 
%simulation  

a = sim(net, P) fprintf('\n'); end   
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The correlation analysis results were consistent with the 

regression analysis results using Curve-Fitting as shown in 

Table 4. 
Table 4. Regression Table 

Model F-calc Sig. R-value 

Linear .928 .336 0.036 

Logaritmic .485 .486 .026 

Quadratic .465 .628 .036 

Exponential .065 .948 .002 

 

Table 4 showed that the expected linear model was best suited 

for regression analysis in the case of the smallest significant 

value of the four models. However, the value of F obtained was 

0.928, smaller than F-table (0.95, 1, 718) = 3.854443. This 

means that Ho was accepted and there was no significant 

influence of the level of learning rate (lr) on the rate of error. 

The values produced from Table 5 and 6 formulated the 

regression equation (3). 

 

MSE = 0.003 – 0.002 lr                          (3) 

Table 5. ANOVA 

 Sum of 
Squares df 

Mean 
Square F Sig. 

Regression .000 1 .000 .928 .336 

Residual .367 718 .001   
Total .368 719    
The independent variable was lr.    

Table 6. Coefficients 

 Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 
 

B 

Std. 

Error Beta 

lr -.002 .003 -.036 -.963 .336 

(Constant) .003 .001  1.956 .051 

 

Significant value of the constant variable was 0.051 while the 

value of the independent variable coefficient was 0.336. The 

second significance value was greater than α (5%) hence the 

regression equation was not significant. 

 

4.  CONCLUSIONS 

The results of the correlation analysis between the level of the 

resulting error rate networks and learning rate at the level of 5% 

α showed no significant correlation. The results of this 

correlation also affected the degree of influence of the two 

variables. Based on the regression analysis results, there were 

no significant effect between the two variables at the level of 

5% α. 
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