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Abstract – Educational organizations play a vital role in the growth and development of any nation, making 

them an integral part of our society. The mining of information systems within educational institutions holds 
significant potential for the benefit of both students and the institutions themselves. By leveraging data 

mining techniques, a proposed system can contribute to the improvement of students' performance in various 

aspects such as academics, co-curricular and extra-curricular activities, behavior, and overall achievements. 

 

Through the implementation of this system, educational institutions can derive valuable insights, including 

the scope of different courses, identification of high-performing students, areas for improvement, and 

addressing job placement concerns. Data mining techniques such as data cleaning, data integration, and 

classification and regression analysis are utilized to extract meaningful information. The system also 

incorporates the use of GoogleVis to present graphical outputs, enhancing the visual representation of the 

data. 

 
The ultimate goal of this system is to instill confidence in the efficacy of data mining techniques, encouraging 

their adoption as strategic management tools within the current educational and business systems. By 

embracing these techniques, educational organizations can effectively leverage their data to make informed 

decisions and drive improvements in both student performance and institutional outcomes.  
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I. INTRODUCTION  

 

The field of leveraging educational data through 

data mining techniques is known as "educational 

data mining," while the use of patterns derived from 

educational or instructional data is referred to as 

"learning analytics." The concept of data mining 

originated with the development of electronic 

record-keeping and the utilization of structured 

records to extract knowledge through pattern 

analysis. As data availability has increased, new 
approaches have emerged to transform this data into 

actionable insights. Learning analytics, similar to 

management analytics and business intelligence, 

focuses on utilizing educational data to inform 

teaching and learning practices. 

 

Empirical research generally considers learning 

analytics and educational data mining as related 

endeavors that employ advanced statistical learning 

methods to analyze learning and educational data. 

While some view these fields as interchangeable, 
others argue for a clear distinction between them. 

The primary argument revolves around the 

recognition that learning and education are distinct 

concepts, despite some overlap. Learning analytics 

primarily examines the processes that influence 

individual and social learning, while educational 

data mining focuses on knowledge discovery from 

all educational data sources generated by individuals 

and groups within institutional frameworks. In 

practice, it can be challenging to establish a clear 

boundary since institutional factors influence 

individual learning behaviors. Furthermore, there is 

substantial overlap in research topics and analytical 

methods within the empirical literature. 

 

Papamitsiou and Economides (2014) summarize the 
key difference between learning analytics and 

educational data mining as follows: "Learning 

analytics adopts a holistic framework, seeking to 

understand systems in their full complexity. On the 

other hand, educational data mining adopts a 

reductionist viewpoint by analyzing individual 

components, seeking new patterns in data and 

modifying respective algorithms." However, 

Aldowah (2019) identifies four dimensions of 

research that span both disciplines: computer-

supported learning analytics, computer-supported 
predictive analytics, computer-supported behavioral 

analytics, and computer-supported visualization 

analytics. 

 

While a theoretically informed study distinguishes 

between the contributions of learning analytics, 

educational data mining, and human-computer 

interaction, the overarching theory that influences 

all three disciplines is activity theory, as formulated 

by Leontev (1981) and collaborators. Constructivist 

psychology has also influenced all three disciplines, 

particularly in terms of shared interests in group 
processes and social interaction. Although 
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disciplinary exchange can help bridge differences, it 

remains uncertain whether these two disciplines are 

truly distinct or if the differences are more 

taxonomic than practical. The fruitful exchange 

between the two disciplines suggests that 

educational data mining and learning analytics may 
belong to the same genus, if not the same species. 

 

Romero and Ventura (2020) report that most 

research in educational data mining and learning 

analytics is conducted in the same settings, such as 

virtual learning environments, learning management 

systems, cognitive tutors, and other computer-based 

learning environments including mobile devices, 

massive open online courses (MOOCs), and social 

learning platforms. Researchers collect various 

types of data, including login frequency, chat 

messages, questions submitted to instructors, 
response times, resource access, grades, profiles, 

preferences, forum posts, affect observations, and 

more. Analytical methods employed include 

classification, clustering, regression, and model 

discovery. Evaluation criteria for comparing 

methods encompass precision, accuracy, sensitivity, 

coherence, similarity weights, fitness measures, and 

more. The main research areas focus on student 

behavior modeling and prediction of performance, 

enhancing students' and teachers' reflection and 

awareness, and improving feedback and assessment 
services. Overall, assessing the differences between 

these two fields would require a systematic analysis 

of their research production, as research 

communities are ultimately defined by their output.. 

II. METHOD 

Neural network is a biologically inspired analytical 

method capable of modeling extremely complex 

nonlinear functions. Neural networks are part of the 

popularly employed algorithms in the education 

domain for student performance prediction. ANN is 

mostly desired because it can classify patterns 

without requiring any training. Being inherently 

parallel and thus able to speed up the computational 

process makes ANN suitable for prediction activities 

in the educational data mining domain. 

 
Figure 1 Neural Network 

The equation for the neural network is a linear 

combination of the independent variables and their 

respective weights and bias (or the intercept) term 

for each neuron. The neural network equation looks 

like this: 

Z = Bias + W1X1 + W2X2 + …+ WnXn 

where, 

 Z is the symbol for denotation of the above 

graphical representation of ANN. 

 Wis, are the weights or the beta coefficients 

 Xis, are the independent variables or the inputs, 

and 

 Bias or intercept = W0 

K- nearest-neighbor classifiers are an analogy-based 

algorithm that learns by comparing themselves with 

similarly given test training tuples. The algorithms 

can be employed in numeric predictions to return a 

real-valued forecast for an unidentified tuple. The 

algorithm, therefore, restores the reasonable value 

associated with the k-nearest neighbors of the 
unidentified tuple. When used for student 

performance prediction, KNN gave good results 

[20]. 

K- nearest neighbor is supervised machine learning 

algorithm. It is the simplest yet powerful technique 

that can be used for both classification and 

regression predictive problems. The basic concept of 

KNN is to classify the test data in a given dataset by 

using feature similarity. It calculates the distance 

(closeness or proximity) between the test data and 

each training data in the dataset. Then it performs 

the majority voting and classifies the test data by the 
majority votes of neighbor classes. The distance can 

be calculated by using various distance functions 

like Euclidean, Cosine, Chi-square, Minkowsky, etc. 

The most intuitive nearest neighbour type classifier 

is the one nearest neighbour classifier that assigns a 

point x to the class of its closest neighbour in the 

feature space, that is  

C_n^1nn (x)=Y_((1)) 

As the size of training data set approaches infinity, 

the one nearest neighbour classifier guarantees an 

error rate of no worse than twice the Bayes error 
rate (the minimum achievable error rate given the 

distribution of the data). 

The naive bayes method is a supervised classifier 

that bases on applying the bayes' theorem with 

strong naive independence assumptions between the 

explanatory variables and uses two simplifications 

where one uses the conditional independence 

assumption and the other ignores the denominator 

[4]. This algorithm is also one of the commonly 

preferred methods by researchers to carry out 

prediction activities since it learns fast, predicts 

equally, and does not need ample storage. 
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Naive Bayes is a classification algorithm that 

assumes that the predictor variables are independent 

of each other. The base of the naive Bayes is the 

Baye's theorem which is derived from the 

conditional probability. It classifies the test data by 

computing conditional probability with feature 
vectors which belong to particular class. Naive 

Bayes algorithms can be applied in recommendation 

system spam filtering, sentiment analysis. 

The Naive Bayes Classifier is inspired by Bayes 

Theorem which states the following equation: 

 

It is a very popular machine learning technique. It 

can be used to perform both classification and 

regression. The core idea of SVM is that it tries to 

find out a hyperplane that separates two classes as 

widely as possible. In other words, it finds the 

hyperplane that maximizes the margin. As margin 

increases the generalization accuracy increases. The 

points through which the hyperplane passes are 
called support vectors. The variations to SVM are 

linear SVM, Polynomial kernel SVM, Radial Basis 

Function SVM. 

 

 

III. RESULT 

The results of the commonly used student 

performance prediction methods above from 2010 to 

2020 were analyzed and used to plot a graph of how 

they differ in their overall prediction accuracy. The 

diagram is shown in figure 4.1. 

 

Figure 2: Performance Prediction Accuracy 

Figure2 was obtained by studying the commonly 

used methods for student performance prediction in 

previous studies and their performances were 
compared with an aim of finding out the method 

with the highest accuracy, and the results were 

ploted on the graph in figure 4.1. The Figure overall 

shows the prediction accuracy of the conventional 

prediction methods used to predict student 

performance that the authors examined in this study, 

all grouped by their algorithms from 2012 to 2020. 

As shown in figure 4.1, the decision trees method 

gave a high prediction accuracy of (98%), compared 

to all other methods. Naive bayes was the second-

highest accurate with (97%). Then followed by the 

k-nearest neighbor method and support vector 
machine method, which gave a similar accuracy of 

(94%). Artificial neural network gave the least 

student performance prediction accuracy of (93%). 
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Figure 3 Data processing processes 

 
Figure 4 Possibility Outcome using Train and 

Testing Data 

 

 
Figure 4.4 Cross validation of linear regression 

 

 
Figure 5 Cross validation of SVM 

 

 
Figure 6 Cross validation of random forest 

 
Figure 7 cross validation of decision tree 

 

 

 
Figure 8 cross validation of Kappa Squared Error for 

ML Classifier 

 

 
Figure 4.9 Cross validation of mean error 

 

 

 

 
Graph 1 Do you Enjor Taking Online Classes 

According to the chart, respondents' enjoyment of 

taking online classes in the COVID-19 pandemic 
varied. The majority, accounting for 57.8% of the 

total, indicated that they enjoyed online classes 

"Yes, absolutely." Additionally, 33.4% of the 

respondents expressed that they enjoyed online 

classes but would like to change a few things to 

enhance their experience. A smaller proportion of 

respondents, 6% of the total, mentioned that they did 

not enjoy online classes due to several challenges 

they faced. Only 2.8% of the respondents indicated 

that they did not enjoy online classes at all.  
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Graph 2 How Helpful your teacher during online 

classes 

 

The chart provides information about respondents' 

perceptions of the helpfulness of their teachers while 
studying online. It shows the number and percentage 

of respondents who indicated their level of 

helpfulness. 

According to the chart, respondents' perceptions 

varied regarding the helpfulness of their teachers 

while studying online. The majority, accounting for 

45.8% of the total, considered their teachers to be 

"Very helpful." Approximately 35.8% of the 

respondents found their teachers to be "Moderately 

helpful." A smaller proportion, 14.4% of the 

respondents, described their teachers as "Slightly 

helpful." However, a minority of respondents, only 
4% of the total, indicated that their teachers were 

"Not at all helpful" while studying online 

 

 

 
Graph 3 Advantage of online classes 

 

According to the chart, respondents identified 

several advantages of taking an online course. The 

most commonly mentioned advantage was 

"Flexibility," with 37.8% of the respondents 

recognizing this as a benefit. Additionally, 25.6% of 

the respondents indicated that online courses are 
"Not rigorous," implying that they perceive online 

courses to be less demanding or intense compared to 

traditional in-person classes. Another advantage 

mentioned by 20% of the respondents was that 

online courses are "Quick," which could refer to the 

efficient delivery of course content or the shorter 

duration of online programs. Lastly, 16.6% of the 

respondents appreciated the "Organized curriculum" 
in online courses, suggesting that the structured and 

well-planned nature of the curriculum is beneficial. 

 

IV. CONCLUSION 

Learning analytics is being employed by higher 

education institutions to enhance the services they 

offer and improve tangible and measurable outcomes 
such as grades and student retention. Even K-12 

schools and school districts are beginning to adopt 

institutional-level analyses to identify areas for 

improvement, establish policies, and measure 
results. 

With advancements in adaptive learning systems, 

there is now potential to leverage the power of 

feedback loops at the individual level for both 

teachers and students. By measuring and making 

students' learning and assessment activities visible, 

they can develop skills in monitoring their own 
progress and directly witness the positive impact of 

their efforts on their success. Teachers gain insights 

into students' performance, enabling them to adapt 

their teaching methods or implement interventions 

such as tutoring and tailored assignments. Adaptive 

learning systems provide educators with rapid 

feedback on the effectiveness of their adaptations 

and interventions, facilitating continuous 
improvement. 

The rapid adoption of online and blended learning 

environments, coupled with the availability of open-

source tools for adaptive learning systems and 
improved understanding of data interpretation, is 

leading to fundamental shifts in teaching and 

learning systems. As educational content moves 

online and mobile devices enable constant 

interaction with the content, educational data mining 

and learning analytics enable continuous assessment 

of learning. This empowers educators at all levels to 
grasp the potential offered by these developments.. 
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