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Abstract- The primary objective of the study is to develop a model that predicts student’s future academic performance 
based on their High School Grades and Entrance Examination Result. It aims to improve the advising process of the state 
colleges and help the students to inform how well or poorly they would perform in a specific course. Also, it will help 
students to prepare for the future low academic performance. Neural Network (NN) supervised learning method was used to 
analyze the pattern of collected data (former student’s academic record) to see the probability of incoming first-year student 
if they can graduate on time and not graduate on time. NN Feedforward and Backpropagation algorithm were executed to 
teach the model to learn from the pattern of the dataset and then built the predictive model. The model created was called 
ICA (Intelligent Career Advising) designed for Engineering, Information Technology, and Education courses as the basis for 
predicting student’s success in the mentioned fields. The created model attained 68.81% accuracy. The model can be a tool 
for faculty and staff who act as an academic adviser in advising incoming first-year students. 
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I. INTRODUCTION 
 
Public universities are mostly non-selective in 
admitting students where anyone is admitted in the 
program or course but not guaranteed to finish the 
program on time. For this reason, studies suggested 
that it is important to consider providing advice to 
student before entering the course to help them 
understand how well or how poorly they would 
perform in the course (Ting, 2008). Advising to 
incoming first-year student is necessary because it 
played a role in their decisions to persist in their 
chances of graduating (Pascarella and Terenzini 
(2005). Researchers discussed that some students do 
not complete college because of lack of information 
about how to be successful or fail on the information 
that they have (Bettinger et. al, 2014). Additionally, 
based on the study of Lee & Cho (2011) choosing 
bachelor’s degree course is difficult for some 
student’s due to variety of courses offered and they 
are not sure what course to pursue. One way of 
providing academic advice to student is to predict 
their future performance. Predictions at an early stage 
of the degree program helps the student to choose 
course where they can be successful as well as to help 
to prepare them for future low academic performance 
and provide other career options available.  
This study aims to develop a model that predicts 
student’s future academic performance based on their 
High School Grades and Entrance Examination 
Result. Neural Network (NN) was implemented to 
analyze and learn pattern from data to produce good 
predictions. Neural Network (NN) has been 
successfully applied in different fields of science, 
such as pattern recognition, fault diagnosis, 
forecasting and prediction because of its capability, 
efficiency and accuracy in solving problems. Most of 
the studies have been frequently used back-

propagation and feedforward neural network to 
predict future student performance.  
The result of this study can be basis of for academic 
institution to provide information to students how 
well or how poorly they would perform in specific 
field. In addition, it can help the institution to identify 
students with low academic achievement and find 
ways to support them. 
 
II. METHODOLOGY 
 
Neural Network was used to build a prediction model 
and Python as programming language in the 
development of the system using a computer with a 
processor of Intel Xeon v4 2.1 GHz with Hard Disk 
Drive 4 (2x2GB) TB RAID 1 and 64GB (4x16 GB) 
DDR5 of memory. 
 
2.1. Data Collection 
The total record collected from the Registrar Office 
composed of 1,764 students records from the School 
of Technology (416), Engineering (640), and 
Education (708) from the School Year 2013-2016. 
The collected data includes Student’s College Grade, 
Student High School Grade and Entrance 
Examination Score. Based on review of literatures 
and studies, High School Grade and Entrance 
Examination Result were identified as the best 
indicator to predict student’s future academic 
performance. High School Grade and Entrance 
Examination Result was matched to the College 
Performance Grade to confirm that there are 
relationships between the data.  
 
2.2 Data Cleaning 
After the data collection has been completed, data 
cleaning was executed by filling the missing values, 
remove unnecessary field and data and find 
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incorrectly written values. Since supervised learning 
method was used in this study, records were 
evaluated and assigned its attribute Graduate on Time 
and Not Graduate on Time. The attributes assigned 
were used by neural network to learn to produced 
output. 
 
2.3 Data Normalization 
Data transformation was performed by converting the 
input data into appropriate format to be fed to neural 
network. In this study, normalization was performed 
by rescaling values ranging -0 to 1. It was performed 
to avoid larger value dominate the smaller values in 
the dataset. Z-core was used to rescale data by 
dividing each dimension by its standard deviation. 
The data was normalized using the given formula: 
 
 
 
 
 
2.4 K-Fold Cross Validation 
K-fold cross-validation technique was used in this 
study to find the best parameters (number of hidden 
layers and number of nodes) for Neural Network 
prediction model to be built that fitted in the dataset. 
By using stratified sampling, the dataset was divided 
into 10 partitions of equal size. The 9/10 was used as 
training data and then validate the accuracy using the 
1/10 of the remaining data. The process was repeated 
until 1/10 subset was used as validation set. The 
average of ten (ten) accuracy results was computed 
and then used to estimate the Neural Network 
accuracy. Different number of nodes, number of 
layers and activation function was tested.  The 
parameter with the highest accuracy result was 
selected and implemented for training of other 
datasets. 
 
2.5 Splitting the Dataset 
Splitting datasets is partitioning datasets into training 
sets to teach the model and test sets used to evaluate 
how the model performs. The dataset was split into 
75% for training set and 25% for testing set. Training 
set of 75% data was used to build the prediction 
model and the test set of 25% data was used to 
validate the accuracy of the model. 
 
III. BUILDING THE PREDICTIVE MODEL 
 
Training the Network using Feedforward and Back 
Propagation 
 
To train the network, feed-forward propagation was 
executed to learn the relationships between variables 
which serve as inputs to the network. The training 
dataset was fed to the Neural Network to teach the 
network on how to learn from the pattern of the 
dataset by repetitive iterations to identify the student 
status (Graduate on Time and Not Graduate on Time. 

The feedforward was the first and simplest type of 
artificial neural network where the information moves 
in only one direction, forward, from the input nodes, 
through the hidden nodes and to the output nodes 
(Tahmasebi, January 2011).  
 
To achieve the lowest error as possible, back 
propagation algorithm was performed. Using this 
algorithm, it updates the weights in the network to 
attain the actual output closer to the target output by 
minimizing the model error through iterations. 
 

Table 1:  Model Classification 
Classification Description 
Graduate on Time A student who finish the 

degree in the 
recommended number of 
years with or without 
failed or incomplete or 
dropped subject 

Not Graduate on Time A student who finish a 
degree more than the 
allotted time with failed 
or incomplete or dropped 
subjects 

Table 1 shows the classification of the model to be 
display once the High School Grades and Entrance 
Examination Score was encoded in the system. 
 
IV. MODEL EVALUATION 
 
The network was tested using testing dataset to find 
out the performance of the network in predicting the 
student’s status (Graduate on Time and Not Graduate 
on Time). The following metrics was used to assess 
the accuracy of the predictive model.  
 
The precision is the proportion of the predicted 
positive cases that were correct (Eq. 1) and the recall 
is the proportion of positive cases that were correctly 
identified (Eq. 2). The precision and recall of each 
dataset were computed to evaluate the model 
accuracy. 

 

 
 
F1 score is defined as the mean of Recall and 
Precision (Eq. 3) Where p is the number of correct 
positive value classified divided by the number of all 
positive value results returned by the classifier, and r 
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is the number of correct positive results divided by 
the number of all relevant samples. 
Methodology of the Study 
 

 
Figure 1. Methodology of the Study 

Figure 1 shows the methodology performed in this 
study. First, dataset undergo with pre-processing and 
then data (High School Grade and Entrance 
Examination Score) fed to the system. The dataset 
was scaled the value using Z-score normalization. K-
fold cross-validation was performed to find the best 
parameter (number of neurons, number of layer and 
activation function) in training the dataset. After the 
Neural Network parameter was identified, dataset 
was divided into two parts – Training dataset and 
Testing dataset. Training dataset used to teach the 
model on how to learn from the pattern of the dataset 
by repetitive iterations to identify the student status 
(Graduate on Time and Not Graduate on Time) using 
Neural Network algorithm (Feedforward and Back 
Propagation). 
 
V. RESULTS AND DISCUSSION 
 
Suggested Neural Network Parameter 
After series of testing, Neural Network parameter was 
attained using K-fold cross-validation. The parameter 
with the highest accuracy result was selected and 
implemented for training the datasets. 
 

Table 2: Neural Network Parameters 
Number of 
Layers 

Number 
of Nodes 
per Layer 

Activation 
Function 

Model 
Accuracy 

2 7 Sigmoid 73.05% 
 
Table 2 shows the Neural Network parameter attained 
after series of testing. Using Sigmoid activation 
function with 2 layers and 7 nodes found out as the 
most appropriate parameters to be used for the 

construction of prediction model using the current 
dataset. The result was supported by the rule of 
thumb given by Panchal, G. (2011) when determining 
the correct number of nodes in neural network, 
wherein the number of hidden nodes (neurons) should 
be in the range between the size of input. On the other 
hand, different studies recommended the used of two 
(2) hidden layers since it was proven effective in 
obtaining high accuracy (Kurkova,1992) 
(Wagarachchi, N. M, 2012). Using Sigmoid 
activation function was also appropriate because it is 
the common and most convenient form of activation 
function for neural network and found out the impact 
to accuracy of predictive model (Naser, S. S. A., 
2012) (Omondi, A. R, 2006) (Santin, D., Delgado, 
2004). The percentage accuracy of 73.05% was also 
acceptable according from different researchers 
wherein the maximum accuracy of prediction model 
is 89.8% and the minimum is 67.6%. Additionally, 
there are studies gained 71.39% accuracy and 
considered the model with high performance in 
predicting student performance (Kumar, M., Singh, 
A. J, 2017) (Alaka, B. O., 2017) (Asif, R., Merceron, 
2014) (Oladokun, V. O., 2008) 
 
VI. THE CREATED MODEL 
 
After the Neural Network parameter was constructed 
and the dataset was trained using Feedforward and 
Back Propagation, the model can now be used to 
calculate and predict to any new input data. The 
created predictive model was called ICA (Intelligent 
Career Advising) model that comprise model for 
Engineering, Information Technology and Education. 

 
Figure 2. Sample Model Output 

 
Figure 2 shows that the model predicts the future 
performance of students using entered data such as 
High School Grades and Entrance Examination score. 
The data entered was used as basis in predicting 
student standing in specific course using the status - 
Graduate on Time and Not Graduate on Time as well 
the possible difficulty of subject areas. 
 
VII. MODEL EVALUATION 
 
The model was tested using new data or the testing 
dataset to find out the performance of the model in 
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predicting the student’s status (Graduate on Time and 
Not Graduate on Time). Four hundred forty-one (441) 
or 25% of the dataset were used as testing data to 
evaluate the performance of the model. To assess the 
accuracy of the predictive model, F1 score analysis 
was used to compare the prediction attained to 
expected output. Using Confusion Matrix, it describes 
the performance of the model on test data and error 
being made by the model. 
 

Table 3. Model Performance Evaluation using Confusion 
Matrix 

 Predicted 
Graduate on 
Time 

Predicted: 
Graduate not 
on Time 

Actual Result: 
Graduate on 
Time 

TP = 171 TN = 89 

Actual Result: 
Graduate not on 
Time 

FN = 66 FP = 115 

 
Total Test Data 441 
Precision (FP) 65.77% 
Recall (TP) 72.15% 
F1 Score  68.81% 
 
Table 3 shows that model classified 171 values 
accurately as True Positive (TP) and 89 values as 
True Negative (TN). On the other hand, 66 was 
classified as False Negative (FN) and 115 values as 
False Positive (FP). Based from the result, the model 
attained 68.81% F1 Score that signifies that the 
model classified the True Positive values with 
minimal False classification.  
 
Out of 441 records of testing data, there were 352 
records classified accurately with a 69.33 % accuracy 
with a Precision of 65.77% and Recall of 72.15% that 
resulted 68.81% F1 score. The attained F1 score was 
considered acceptable since different studies stated 
that the above 50% score is good and acceptable. In 
addition, the goal of a good model is to minimize the 
False Positive (FT) and False Negative (FN) wherein 
the created model has a good result of True Positives.   
 
CONCLUSION 
 
After building the model, model evaluation was 
executed and attained 68.81% wherein 352 records 
classified accurately out of 441 testing datasets. 
Therefore, the model created can be suggested to use 
as basis in predicting student future performance. It 
was concluded that Neural Network algorithm is an 
effective tool in designing predictive model. 

 
FUTURE WORK 
For future research, adding more records to the 
dataset to find out if the accuracy of the model can 
improve. In addition, Principal Component Analysis 
(PCA) in processing large datasets can be tested 
increase the model accuracy. 
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