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Abstract—In this study, a computer based application interface 

has been designed for educational purpose of modelling artificial 

neural network using backpropagation algorithm. The software is 

intended to be of use both for the novice and for the experienced 

user. Data selection, number of neurons in the hidden layer, 

momentum rate, learning rate, activation function and the number of 

data to be trained can be determined by the user. Using these data, 

training of the ANN successfully achieved and be tested at the end 

of the training. It’s observed that objective study is able to find 

solutions to real time ANN problems. 
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I. INTRODUCTION 

neural network is a computing system made up of a 

number of simple, highly interconnected processing 

elements, which process information by their dynamic 

state response to external inputs [1]. Artificial neural network 

(ANN) has the abilities to be able to learn, explore and then 

generalize the data to produce new information, and to detect 

the relationships between variables. These abilities are very 

difficult to accomplish with traditional programming 

methods. ANN was developed for difficult or impossible 

events to program and is seen as a branch of science 

concerned with information processing. Despite their 

development inspired by the structure of the human brain, 

some features of the ANN are not the same as a biological 

neural network. However, there is no biological response of 

some features, but still shows a large proportion of 

similarities with the brain. ANNs are successfully applied to 

many areas such as computer science, finance, medicine, 

engineering, geology and physics. 

 User interface design focuses on interaction between the 

user and an application and the interface are easy to access, 

understand and use for the user's needs. The user interface 

design helps users to run their programs quickly and easily. 

In this study, a user interface has been designed for 

educational purpose of modelling ANN using 

backpropagation algorithm. Data in the data set can be taken 

and required parameter settings can be done and so training 
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and testing operations can be performed easily with 

backpropagation ANN in the proposed application interface. 

In addition, the actual values and the values obtained from 

the training process can be seen in the interface application in 

order to evaluate the results. A user, who has a basic level of 

knowledge about ANN, can easily run ANN using the 

developed interface. 

II. ARTIFICIAL NEURAL NETWORKS 

The human brain consists of a large number, more than a 

billion of neural cells. Learning in biological systems occurs 

with synaptic connections between the neurons. This is true of 

ANN as well. ANN is an artificial illustration of the human 

brain that tries to imitate its learning process [2].  It has the 

ability to learn; recall and generalize from the data which are 

used to train the system through trials like a human brain. It 

is often used for predicting the future like weather, harvest, 

energy consumption, earthquakes. It requires two parts, one 

of which is the training and the other is the testing. It uses 

samples to establish the relationship events, and decides to 

solve problems that will occur after learning the relationships 

and comments. 

ANN is formed in three layers, called an input layer, an 

output layer and one or more hidden layers between the input 

and output [3]. In input layer, a neuron receives input data 

from outside of the network. The results of the network are in 

the output layer. It has the network's predictions or 

classifications. The hidden layer is located between the input 

layer and the output layer. Data from the input layer is 

processed and transferred to the output layer in the hidden 

layer. Each layer consists of one or more nodes, represented 

in Fig. 1. The lines between the nodes indicate the flow of 

information from one node to the next. 

 
Fig. 1 Artificial neural network model 

III. BACKPROPAGATION ALGORITHM 

There are many learning algorithms used in ANN. 
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Backpropagation networks are the most commonly used 

network because they offer good generalization abilities and 

are relatively straightforward to implement [4]. The main 

principle of the algorithm is to minimize the error between 

the actual output value and the output value of the ANN. The 

error is calculated by the difference between the actual output 

value and the ANN output value. If there is a large error, then 

it is fed back to the ANN to update synaptic weights in order 

to minimize the error. This process continues until the 

minimum error is reached [5]. 

The backpropagation algorithm consists of two steps, 

including forward and backward calculation. In the forward 

calculation step, outputs at the output layers are determined 

by using input layer. In the backward calculation step, the 

error values are propagated back through the network to 

determine how the weights should be changed during 

training.  

Changes in weight rate are calculated in the backward 

calculation with (1), and the new weight rate is obtained by 

collecting with the previous weight rate. 

 

)(tαΔWXηδ(t)ΔW ijijij 1                       (1)  

Where, ΔW(t) is weight change, ΔW(t-1) is weight change 

in the previous iteration, ƞ is learning rate,  δ is the error, X is 

the input value, and α is momentum. 

The learning rate determines the size of the weight 

changes. The learning rate directly affects the performance of 

the algorithm. If the learning rate is set too high, the 

algorithm may become unstable. If the learning rate is too 

small, the algorithm will take too long to converge [6]. The 

learning rate typically takes a value between 0 and 1 [4]. The 

momentum is used to prevent the system from converging to 

a local minimum. The momentum is used to add a certain 

fraction of the weight change value to the next one. The 

momentum is typically takes a value between 0 and 1.  

IV. DEVELOPED APPLICATION INTERFACE DESIGN 

In this study, an application user interface which parameter 

settings of ANN using backpropagation can be made by the 

user has been designed. Developed application interface using 

C# is shown in Fig. 2. 

 

 

 

 

 

 
Fig. 2 Application interface for backpropagation ANN 

 

Stored dataset is added to the application interface, and 

then necessary input and output fields for ANN are 

determined using the section shown in Fig. 3. The values 

specified in this section are defined as the number of neurons 

in the input and output layers of the backpropagation ANN. 
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Fig. 3 Input and output fields 

Fig. 4 shows the training settings section. In this section, 

the training is started by determining activation function, 

ANN parameters, and number of training and testing data in 

the data set. The most popular activation functions for 

backpropagation networks are the sigmoid function and 

tangent function. In this study, both functions were used. 

 

 
Fig. 4 ANN training settings 

 

Min-Max normalization method is used to convert data 

input and output values in ANN to values between 0 and 1. 

This method is given in (2). 

 

minmax

min
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xx
x i




                           (2) 

Where x is normalized data, xi is the input value, xmin is the 

smallest value within the data set and xmax is the largest value 

within the data set. 

The actual values and the values obtained after training is 

completed are also given on the interface screen in order to 

evaluate the results in shown Fig. 5. The error values and the 

error rates can be seen on this section using “Graphic” button. 

 

 
Fig. 5 Graph of actual and ANN values 

 

In order to test the success of the proposed study, the 

sample has been tested on a real data set. When looking at the 

chart for the sample data set, it is obviously seen that the 

actual values and the values produced by the ANN are close 

to each other. This shows that developed training set works 

successfully. 

Some of the performance criteria values used to measure 

the success of the ANN are used in the developed interface. 

Thus, the success of the training can be analyzed based on 

multiple performance criteria. Performance criteria values 

can be reached after training and testing on the interface 

screen shown in Fig. 6. 

 

 
Fig. 6 Performance criteria values 

 

MSE(Mean Square Error), RMSE(Root Mean Square 

Error), SSE(Sum Square Error), MPE(Mean Percentage 

Error), MSPE(Mean Square Percentage Error), RMSPE(Root 

Mean Square Percentage Error), MAPE(Mean Absolute 

Percentage Error), MAE(Mean Absolute Error), and 

R2(Correlation Coefficient) values are obtained as 

performance criteria values. 

The flow chart of backpropagation ANN that used in the 

study is given in Fig. 7. 
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Fig. 7 Flow chart of the algorithm 

V. CONCLUSION 

In this study, a computer based application interface is 

designed for educational purposes ANN using 

backpropagation. A user, who has a basic level of knowledge 

about ANN, can easily run ANN using the developed 

interface. When using the application interface, parameter 

entries or changes can be made such as neuron numbers of 

the hidden layer, momentum, learning rate and activation 

function parameters without writing any code or process. The 

actual values and obtained values after training are 

transmitted to the chart. It is easy to understand and interpret 

the ANN through the chart. Different experimental results 

demonstrate the success and validity of the study. 
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