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Abstract 

Deep Learning and Educational data mining has gain a 

considerable amount of attention in this past years. In this 

paper, a neural network called Deep Neural Network (DNN) 

model is proposed that shows students which class category it 

belongs to . This provides knowledge to the institution so that 

they can offer a remedy to the potential failing students. A 

comparison with existing machine learning algorithm which 

uses the same dataset with the proposed model. The proposed 

deep neural network model achieved up to 84.3% accuracy 

and outperforms other machine learning algorithms in 

accuracy. 

Keywords: Deep Neural Network (DNN), Deep Learning, 

Artificial Neural Network (ANN),  Education Data Mining.  

 

INTRODUCTION  

Academic students' performance has always been a major 

factor in determining a student's career and the prestige of the 

Institutions. Education Data Mining (EDM) is a discipline 

which is followed to extract meaningful knowledge from an 

educational context. EDM applications such as model 

development helps to predict student performance in their 

academics. Thus leading researchers to dig deep into various 

methods in data mining to improve existing method. 

The applications of Machine Learning methods to predict 

students' performance based on student's background and term 

examination performances has turn to be helpful for foreseeing 

the different performance in various level. Using such machine 

learning methods enables to timely predict the students who 

has a high chance of failing so that   a remedy can be provided 

by a teacher to the student. It can even help to detect high 

caliber students of the institution and help him providing 

scholarship. 

Machine Learning algorithms such as Decision Tree [10]    and 

Naive Bayes [9] is highly used in Educational Data Mining. 

There is a limitation to such algorithms, as stated by Havan 

Agrawal [11] when input is provided in a continuous range to 

Bayesian classification the accuracy of the models reduces. 

Such classification works better with discrete data. Also stated 

that a Neural Network outperforms when given a continuous 

data. 

Deep Learning is considered as the state of the art [5] tool for 

artificial intelligence research which applied in various 

applications. Deep Learning can be classified as: Deep Neural 

Network (DNN), Recurrent Neural Network (RNN), 

Convolutional Neural Network (CNN) and Q-learning. Deep 

learning has been lately used for voice/sound recognition [7], 

Natural Language Processing [8], computer vision [6]. 

In this paper, we proposed a  Deep Neural Network (DNN) 

classifier model to predict the students' performance. The 

proposed DNN model aims to predict students whether they 

fall under fail category or pass category through logistic 

classification analysis. Two hidden layer is implemented, first 

hidden has Relu activation function, second hidden layer with 

a Soft-Max activation function. The proposed model is 

effective in predicting fail students, with an estimated 85\% 

accuracy.  

 

LITERATURE REVIEW 

Ioannis E. Livieris, et al. [1] built an Artificial Neural Network 

(ANN) classifier to predict the performance of students in 

Mathematics. From their experiments they found that the 

modified spectral Perry trained artificial neural network 

performs better classification compared to other classifiers. 

A study was conducted by S. Kotsiantis, et al. [2] which 

investigated in distance learning of machine learning 

techniques for dropout prediction of students. Important 

contribution was made by this study as it was a pioneer and 

helped to carved the path for such educational data mining. 

Machine learning techniques were applied in other areas, he 

and his team were the first people to implemented machine 

learning methods in an academic environment. An algorithm 

was fed on demographic data and several project assignment 

rather than class performance data to make prediction of 

students. 

Moucary, et al. [3] applied a hybrid technique on K-Means 

Clustering and Artificial Neural Network for students who are 

pursuing higher education while adopting a new foreign 

language as a means of instruction and communication. Firstly,  

Neural Network was used to predict the student's performance 

and then fitting them in a particular cluster which was form 

using the K-Means algorithm. This clustering helped in serving 

a powerful tool to the instructors to identify a student 

capabilities during their early stages of academics.  

Hongsuk, et al. [4] proposed a Deep Neural Network 

supervised model to estimate link based flow of traffic 
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conditions. A Traffic Performance Index which was used for 

logistic regression  to distinguish between a congested traffic 

condition to a non-congested traffic condition. With a 3 layer 

model it was able to estimate the cogestion with a 99% of 

accuracy. 

Amrieh, et al. [12] proposed a prediction model for students’ 

performance based on data mining methods with some few 

features called student’s behavioral features. The model was 

evaluated in three different classifiers; Naïve Bayesian, 

Artificial Neural Network and Decision tree. Random Forest, 

Bagging and Boosting were used as ensemble methods to 

improve the classifier’s performance. The model achieved up 

to 22.1% more in accuracy compared when behavioral features 

were removed. It increased up to 25.8% accuracy after using 

the ensemble methods.  

The prediction model structure [12] has features with less 

difference in information gain. Since machine learning 

algorithm generally breaks down problem and solve them 

individually, there is a possibility of slipping away other 

important features when  one condition fails. This affects the 

overall performance of the model. In order to do so the model 

has to accept end-to-end features.   

Such problem can be solved using a deep neural net where all 

features are extracted and fed to the layers at once.  After  

feeding  a neuron an activation function will check the criteria 

condition and activates the neuron once it pass the function. 

Proper activation function needs to used in every layer for 

activating the right neuron.  

 

DEEP NEURAL NETWORK 

Deep Learning techniques aim to learn attribute hierarchies 

with attribute from higher levels that is formed by the 

combining of other low features. This includes learning 

multiple methods for higher and deeper architectures. DNN is 

a class of multiple NN models. Model with input layers, 

arbitrary number of hidden layers and an output layer. The 

layers are made up of neurons which share similarities to 

human  brain neurons.  

A neuron is a nonlinear function that maps input vectors {I1 
,…..,In)  to an output Y through a weighted vector {w1,….,wn) 
and to a function f . Also known as feed-forward. 

 k 

            Y =  f ( ∑ w i   I I  ) = f (w t  I) 

i=0 

  

The goal of the model is to optimize the weights w such that 

squared loss error  is reduced. This can be achieved using 

stochastic gradient descent (SGD). SGD iteratively  update 

weight vector which ultimate purpose is to direct to the 

minimum gradient of loss function.  To obtain SGD update 

equation: 

               w new = w old – n .(Y – t) . Y(1-Y) . I 

 

An Epoch is one feed-forward and one back propagation. Each 

epoch helps in reducing the cost function. In deep neural 

network an epoch is iterated nth times, updating and optimizing 

the gradients.     

Deep Neural Network (DNN) is a deep learning architecture 

that allows operational models which composed of several 

hidden processing layers to learn various representations of 

data with multi-level abstraction. Deep Learning has an 

excellent capability to self-learn and self-adapting, making it 

extensively studied and have successfully used to tackle real-

world complex problems. 

 

DATASET AND DATA PREPROCESSING 

Source of data for building the proposed deep neural network 

to predict the students' performance is obtained from 

https://www.kaggle.com/aljarah/xAPI-Edu-Data. It is an 

educational dataset collected from learning management 

system called kalboard 360. The dataset consists of 500 student 

records. It has 16 different features.  

 

Table : I 

Students Dataset 

Name Data Type Distinct Values 

Gender Nominal 2 

Nationality Nominal 14 

Place of Birth  Nominal 14 

Stages Nominal 3 

Grades Nominal 12 

SectionID Nominal 3 

Topic Nominal 12 

ParentResponsible Nominal 2 

Semester Nominal 2 

Raised hand Numeric 0-100 

Visited Resource Numeric  0-100 

Viewing Announcement  Numeric 0-100 

Discussion Group Numeric 0-100 

Parent Answering Nominal 2 

Parent Satisfaction Nominal 2 

Student Absent day Nominal 2 
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The dataset has three classes based on their numerical interval 

values. 

Table II 

Classes 

Interval-Values Class Label 

0-69 Low 

70-89 Middle 

90-100 High 

 

Preprocessing of data after data collection is required to 

improve the quality of dataset. Data attribute selection, data 

cleaning, data transformation and data reduction are all part of 

data preprocessing. It is a part in the knowledge discovery 

process. The dataset contains 20 missing values in different 

features from 500 records. All the missing values are removed, 

the number of records after data cleaning is 480. 

Data transformation is applied to the dataset. Nominal data 

type attributes Gender, Relation, Semester, 

ParentAnsweringSurvey, ParentSchoolSatisfacation and 

StudentAbsenceDays are transformed to binary data '0' and '1'. 

Other nominal data type attributes Nationality, PlaceofBirth, 

StageID, GradeID, SectionID, and Topic are transform to 

numerical data type. 

 

METHODOLOGY 

In this paper, we introduce a Deep Neural Network linear 

classifier model to predict the performance of students. This 

process is followed once the dataset is preprocessed: data 

cleaning and data transformation. The DNN model is built 

using python3 and tensorflow 1.3.0.  

Python is a full featured for general purpose programming 

language. It is a mature and fast expanding platform for 

scientific research and numerical computing. Python host 

numerous open source libraries and almost all general purpose 

libraries for machine learning which can be further use for 

deep learning models. All this benefits from the python 

ecosystem lead to the top two libraries for numerical analysis 

of deep learning  was developed for python language, that is 

Tensorflow and Theano library. 

TensorFlow is an open source library for computing numerical 

using data flow graphs. The data flow graphs is also known as 

Static Computation graph. A developer has to first design the 

input layer and connect every input layer to the hidden layer 

then the same from hidden layer to output layer. The graphs 

are made of tensors and ops, defining all the neural networks 

and all mathematical calculations. The session helps to run the 

graph. Tensorflow comes with Graphical Processing Unit 

package where all the matrix calculations can be done 

efficiently and much faster.   

Once data is preprocessed, the data is divided into two parts 

training and testing dataset. It is divided in the ratio 3:1 

(Train/Test). In training dataset, the features and classes are 

split and stored in a tensorflow placeholder. Both training 

dataset classes records are  One-hot encoded, it is a process 

where class variables are converted into a numerical form that 

will be provided to deep neural network model for effective 

prediction. 

 

Table: III 

One-Hot Encoding 

Classes One-Hot Encoding format 

Low [ 1, 0 , 0 ] 

Middle [ 0, 1 , 0 ] 

High [ 0, 0 , 1 ] 

Middle [ 0, 1 , 0 ] 

Low [ 1, 0 , 0 ] 

 

Two hidden layer is defined with 300 neurons each and epoch 

of 50. Next we have to construct a dataflow graph. Random 

initialization of weights w and bias b to every interconnected 

layers  (input, hidden, output) .  Matrix multiplication of the 

first hidden layer is passed to  a  rectified linear called as relu 

activation, input x as the neuron where it is connected all the 

neurons of the first hidden layer.   

   f(x) = max (x,0) 

All the neuron in the second hidden layer which are activated 

by the relu activation function are computed again with the 

matrix multiplication with the next layer. In the 2nd  hidden 

layer it uses a different activation function called softmax 

function where the matrix calculation is passed. The softmax 

function squashes the output into a categorical probability of 

distribution which tells the probability of class likely to be the 

output. Here z as the vector from the input layer to the output 

layer and  j as the index of output units. 

 

 

 

The output is then pass to the cost function  where the output is 

compared to the actual output. The cost function returns the 

error, this error is forwarded to an optimization function called 

Adam optimizer function in tensorflow. The optimization 

function updates the weights of layers so that the cost function 

returns a lesser error value.  Once the data flow graph is built, 

the static computation graph should be activated to run. 

Computation graph can be activated using the tensorflow 

session. Instantiating the session and passing the data inputs to 

the  run function.  In this model an epoch of 50 is defined 

where the computational graph is iterated 50 times in order to 

give higher accuracy.  

 

The flow of the computational graph can be visualise as shown 

in the Fig. 1. 
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Figure 1.  Graphical Computational Graph 

 

EXPERIMENT AND RESULTS 

The experiment was run on Ubuntu 16.04 operating system 

with the configuration of 8GB RAM and 4 Intel cores. Tools 

such as python3 and tensorflow was used to run the deep 

neural network. Tensorboard and matplotlib library was used 

to visualise the inner working of the model. The model took  5 

minutes for executing the program.  

In our experiments, we used two measures for evaluating the 

quality of the classifier, that is  cost function and accuracy. The 

purpose of accuracy to achieve higher value where as the 

purpose of cost function is to reduce the value.  

 

Figure 2. Accuracy 

With the proposed deep neural network it was able to achieve 

the highest accuracy of 84.3%. The model initial accuracy is 

29.8%. In the first epoch there is an increase of 20% accuracy. 

Once the target output does not match with the model output, it 

calculates the amount of error using the cost function softmax 

cross entropy. The adam optimizer function is then used to 

update the weights of the neurons such a way that the cost 

function reduces.  Even though the dataset is very limited for a 

deep neural network, it still outperforms other machine 

learning algorithms. As dataset is limited the model should be 

precisely tweak in order to provide better performance. 

Initially four hidden layers with each of 300 neurons were 

install in the dataflow graph, this did not improve the model. 

There were few features so there was no need of many hidden 

layers and neurons. It was further decreased to 2 hidden layers 

and 100 neurons each. After 50 epoch there was slight 

fluctuation of accuracy,  then the training was stop. 

 

Figure 3. Cross Entropy Cost Function 

 

The cost function error is very high initially, that is 15560. 

Through optimization this cost function error is reduces. The 

first optimization drastically reduces the cost function. To find 

the cost function, the softmax cross entropy is used. Over the 

period of iteration of feed forward and back propagation there 

is a high reduction of cost by the model.  In the 17th iteration 

there is an increased of cost value due to the ineffective 

gradient updates but then cost starts to reduce from 34th 

iteration. There should always be a limit to the number of 

epoch because of certain limit the optimizer starts to inverse 

the weights thus leading to increase of cost error. In the 

proposed model, 50 epoch is considered as we can see after the 

50th iteration there is a continuous increase of cost. Thus 

stopped at the 50th epoch.  Analysis should be done for 

defining epoch. High number of epoch leads to over-fitting of 

model and less epoch leads to under-fitting of model. A precise 

understanding of data is needed before making assumption on 

the model.  

A comparison is made to Amrieh, et al. [12] proposed model. 

In their paper they used three different machine learning 

algorithm, Decision Tree, Naive Bayes and Artificial Neural 

Network and the same dataset. This classification model was 

run in Weka tool with a cross validation of 10 folds. The final 

classification accuracy is considered and compared with the 

proposed model.  
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Figure 4. Algorithm Comparison 

 

A whisker plot is used to show the spread of the accuracy 

scores of each cross validation of 10 folds for each algorithm 

in Fig. 4.   

Table: IV 

Classification Method Comparison 

Classifier Accuracy 

Decision Tree (J48) 82.2 

Artificial Neural Netork (ANN) 80.0 

Naive Bayes (NB) 80.0 

Proposed Model (DNN) 84.3 

 

As shown in the table we can see that, Deep Neural Network 

can outperform other machine learning classification methods 

even with less data but should precisely tweaking the model 

for better performance.  Out of 120 students from testing set 19 

students were wrongly classified. This model is can be reliable 

enough for prediction of students’ performance. 

 

CONCLUSION 

A deep neural network model is proposed in this paper for 

predicting the students’ performance. It is the first time to use a 

deep neural network for the education data mining and 

predicting of students’ performance. Through the experiment 

we found that a DNN can perform better even with less 

amount of data by having deep knowledge about dataset and 

quality tweak on the model. The proposed model achieved an 

accuracy of 84.3%. With larger dataset records and features, a 

DNN can achieve higher accuracy and will outperform other 

machine learning algorithm.  This model is reliable and can 

help to predict a student’s performance and identify students 

who has higher chance of failing before hand to provide 

remedy.   
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