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ABSTRACT 

Nowadays Data Mining and Machine Learning Algorithms have made our work easier by 

developing prediction capability. We can implement Data Mining and Machine Learning 

Algorithms in many sectors. Among those, education is one of the most important sectors for the 

application of machine learning. If we identify the factors that are responsible for student 

academic performance and apply machine learning algorithms then it will be helpful for students. 

We can take extra care and necessary steps for students with bad results if we build a prediction 

model that can predict their performance earlier based on their different types of attributes. In that 

case those attributes must be correlated with their academic performance. That’s why for our 

research we have collected many instances of different types of students attributes using survey 

forms which are correlated with academic performance. After that we have selected some 

important features using different feature extraction algorithms. Then we applied some machine 

learning algorithms on that preprocessed dataset. Comparison among different algorithms are also 

shown in our research. Among those algorithms we have chosen that one algorithm for our model 

which gave the best accuracy. For building our model and visualizing data we used both Python, 

Jupyter Notebook and Weka. We wanted to deploy our model to the web so that anyone can 

check their academic performance by giving values of attributes as input. For this we used Python 

Flask Framework and attached our model with it. Finally, we deployed our Flask App to Heroku 

Cloud Application Platform. And by using this one student can check their academic 

performance. Also, the authority and teachers can take necessary steps considering relevant 

attributes for those students whose performance is very poor. And it will be possible for our 

prediction model at the beginning of their learning process. 
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CHAPTER 1 

Introduction 

 

1.1 Introduction 

Data mining can be compared with gold mining. But the difference is instead of gold in data 

mining, data is mined from huge amounts of unnecessary, garbage, bulk data. These data are 

collected from different sources such as survey, database, data warehouse, data mart etc. Using 

data mining techniques, we can extract useful information from large amounts of data. In this 

case, as a part of extracting meaningful information machine learning algorithms play a great 

role. We can use data mining techniques in many sectors for many purposes. Some of the sectors 

are education, web and text mining. And our research is in the education sector. It is predicting 

student performance in terms of academic results.  

In our research, the process and effects of data mining techniques and machine learning 

algorithms will be shown in detail. 

 

1.2 Motivation 

Because of poor performance in the academic area many students face many problems. Such as 

they lose their valuable time by retaking the course, waste a large portion of their parents’ 

income etc. Besides these they became unable to carry on their higher study. These are the 

reasons for conducting our research. These are all about our motivation. That’s why we are doing 

this research based project in a computerized way by applying several algorithms of machine 

learning to solve the problem. 

 

1.3 Rationale of the Study 

In our research, we are going to implement different machine learning algorithms using Data 

Mining techniques. Through our research we will be familiar with machine learning algorithms 

and Data Mining techniques. By doing these we will be able to solve different similar types of 

problems using Data Mining and Machine Learning. This is one of the rationales of the study. 

Besides these another main reason is we can analyze student performance using a dataset in 

many ways and identify main factors which are responsible for academic performance. Finally 
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we will be able to make a machine learning model which will be able to predict student 

performance earlier based on students attributes. These are the rationales of our study.  

 

1.4 Research Questions 

The Basis of a research is formed by good research questions. It is the foundation and initial step 

of a research. There are several steps for writing research questions. Such as a research question 

should be specific, answerable, should have medium length, complex answer, need focus etc. 

In the research work done by Jane Agee [1] we can see the processes for developing research 

questions with quality. Besides this, we can also see the importance of qualitative research 

questions for a research. 

We can generate research questions in many ways. Through problematization, we can formulate 

research questions which will lead to influential research. [2]  

Research questions can be generated from the goal of study, research objectives and research 

purposes using mixed methods techniques. [3] 

We have several research questions for our research. They are: 

How can data mining techniques and machine learning algorithms be implemented in the 

education sector? 

Which type of data is needed for predicting student performance? 

Which attributes have correlation with student academic performance? 

What are the ways of data collection for predicting student performance? 

Which tools are required for implementation? 

How feature extraction algorithms are used for finding important features? 

According to accuracy which machine learning algorithms are more efficient compared to 

others? 

Why is Weka software easier for machine learning? 

How to deploy machine learning models to the web for predicting student performance? 

  

These are the research questions for our research. By answering these questions our research will 

be conducted. 
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1.5 Expected Output 

After completing our research, our expected outcome will be flask based web app which will be 

able to predict student academic performance or semester result of university students. And this 

prediction of semester result or SGPA will be done using student attributes which are correlated 

with student performance. Moreover, this flask web app will predict SGPA using the machine 

learning model. This machine learning model will be created by training our model with those 

data which contain student attributes correlated with academic result. We will get several 

machine learning models during conducting our research. These machine learning models can be 

created using both regression and classification algorithms. Our web app can be deployed to 

Heroku Cloud Application Platform after completing our web app. These are all about our 

expected outcome.  

 

1.6 Project Management and Finance 

For performing multiple activities efficiently and completing our research in time, we followed 

project management techniques. Project management techniques help us to control our research 

works. We can schedule our work by using it. We can decide how much time we will spend in 

each stage of our research works. We can use Gantt Chart, Project Charter etc. for managing our 

research project. We performed our research in several stages with a specific time in each stage. 

First of all we chose our research area. It was data mining and machine learning. Then selected it 

more specifically. That is predicting student performance in terms of academic result. It took one 

week to do that. Then we prepared our survey form both for online and offline data collection. 

To do this we needed one week. Then started to collect our data using those forms. It was a long 

term process. We spent most of our time doing that work. We spent three months doing that 

work. After that we focused on our coding part. We used python for data preprocessing, applying 

different algorithms and for making machine learning models. For this work we spent two 

months. After that we attached our machine learning models with the Flask framework for web 

implementation. After making a graphical user interface for the web, we deployed our Flask app 

to the web using Heroku. We did it within two months. We used Weka software for further 

analysis. To do this we needed one month. And the rest of the time we spent writing our research 

report. Thus we managed our research project. 
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For our research we did not need a lot of money. Financial fund was not needed. Only a few 

amounts of money we needed during our survey form printing for our offline data collection. We 

managed it by ourselves. Except for that, we did not need any money. These are all about our 

project management and finance for our research. 

 

1.7 Report Layout 

Our report layout contains the following things: 

 

Title & Cover Page 

Approval Page   

Declaration 

Acknowledgement    

Abstract 

Table of Contents 

List of Tables 

List of Figures 

Introduction 

Background 

Research Methodology 

Experimental Results and Discussion 

Impact on Society, Environment and Sustainability 

Future Work 

Conclusion 

References  

Appendices 

 

These will be described briefly through our whole project. 
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CHAPTER 2 

Background 

 

2.1 Preliminaries/Terminologies 

To conduct research there are some steps that should be maintained. First of all research areas 

and research topics are selected. After that previous research papers related to that topic are read 

for background study. From background study, ideas are generated and one can know what can 

be extended from those research works. Then the next part is to implement the research with a 

research methodology. Such as data collection, data analysis etc. After that experiment results 

and outputs are analyzed. Then finally it is evaluated. After completing the research work what 

can be implemented in future is discussed. 

Primary work of a researcher is background study. Study of related works and comparing it with 

a summary. Background section is an important part of a research work and in this section 

several parts will be discussed. Review of different research papers which are related to our 

research works will be discussed shortly in this section. Previous study related to our research, 

present surroundings will be also focused. Context of our research will be established in the 

background part. Summary and challenges of research works, scope of problem will be discussed 

here also. Background study is almost similar to literature review. At the beginning of a research, 

literature review is one of the most important parts of conducting a research. This literature 

review should not be faulty. In the research work done by Justus J. Randolph [4] details of 

literature review has been explained. How to write it, its process, importance, purpose, 

taxonomy, common mistakes etc. of literature review have been described there. Almost similar 

research was conducted by David N. Boote and Penny Beile [5] where we can see the role, 

purpose, necessity, standards and criteria of literature review were briefly explained. 

 

2.2 Related Works 

Before us many researchers have conducted their research which are almost similar to our 

research topic. They showed different techniques of data mining and machine learning 

algorithms for predicting student performance. Different types of statistics, algorithms and 

techniques were shown by them to predict student performance.  
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In the research work done by Amandeep Kaur, Nitin Umesh and Barjinder Singh [6] they 

conducted research for predicting academic performance of students. They also compared the 

results of different prediction models. Their goal was to improve education systems by machine 

learning models. They made their dataset from BTech second year students which contains 1735 

instances and 37 attributes. They used Association rule algorithm, Classification algorithm, 

Machine learning, Fuzzy logic to build their models. They used some classification algorithms 

such as NaiveBayes, LibSVM, C4.5, J48 tree, Hybrid approach LMT. Logistic Regression was 

also used. And finally, these algorithms were used to dataset for building models and 

comparative results of different algorithms were also shown to find an efficient algorithm. 

Hybrid machine learning classification was best for accuracy. By these predictive models their 

aim was to decrease rates of the dropout students by taking care after prediction and giving them 

the right direction at the right time. 

In research done by V. Shanmugarajeshwari and R. Lawrance [7] they made a predictive model 

both for learners and teachers to evaluate student academic performance. It is also a warning 

model so that students can develop their performance. They collected their dataset from Ayya 

Nadar Janaki Ammal College, Sivakasi, TamilNadu, India and this data was from the students of 

Computer Applications. The data contained 12 attributes and 47 records and data was collected 

through a survey. The attributes were based on their marks, personal information, family 

background etc. By different feature selection methods, they chose top 6 important features for 

their implementation. They used the Decision Tree Classification algorithm. Final outcome of 

their model was predicting pass and reappear students as they classified into two classes. Their 

future plan was to connect it to the cloud. Their lacking was they could apply other algorithms. 

In research done by Ermiyas Birihanu Belachew and Feidu Akmel Gobena [8] they developed a 

model for predicting performance of students based on 11 attributes which were selected from 34 

attributes of the database. To create a model, a dataset was collected from the Wolkite University 

registry office. 993 student’s data of computing and informatics were considered in this case. 

Classification and clustering machine learning algorithms such as Neural Nets (MLP), Naive 

Bayesian, Support Vector Machine were used and Naive Bayesian was best for accuracy. 

Comparative results of those algorithms were also shown and there were three types of 

experimental results from three experiments. Final output of their research was a predictive 

model of student performance. Their research started with only one college program but it could 
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be done through many departments and other colleges. Another efficient algorithm also could be 

used for better accuracy. 

In research done by CH.M.H.Sai Baba, Akhila Govindu, Mani Krishna Sai Raavi and  Venkata 

Praneeth Somisetty [9] they made a model of predicting student performance based on the 

academic attributes of the students. The data was collected from the educational institute as 

“csv” format. In that dataset some attributes such as SSC and HSC performance, rank, B tech 

marks of first, second and third year were kept. There, the decision tree algorithm was used. And 

using this dataset they developed a model for predicting the chance of getting a job using those 

academic attributes. They used only a few numbers of attributes to make their prediction model 

and those attributes were only academic attributes. And this was their limitations because only 

academic attributes are not sufficient for predicting student performance.  

In the research work done by Astha Soni, Vivek Kumar, Rajwant Kaur and D. Hemavathi [10] 

they conducted research to take necessary steps for those students who get low marks by 

analysing student performance. They used data mining and classification algorithm. Student 

performance was measured using four categories of characteristics named academic, behavior, 

extra-curricular and placement. 48 variables were used as input to the model. Dataset was 

collected from 2000 graduate and undergraduate students of different universities using a 

questionnaire survey. There were 45 questions in the survey. They used Decision Tree, Naive 

Bayes’ and Support Vector Machine algorithm. Clustering algorithms and Data Mining 

techniques were also used. Finally, they developed their predictive model of pupil performance 

which gave output as “Good” or “Bad”. In comparison, the Support Vector Machine algorithm 

was best for accuracy. The research could be done with more components and with other tools 

for more accuracy. 

In the research done by Anal Acharya and Devadatta Sinha [11] they conducted a research for 

predicting student performance in terms of Grade which was classified into several categories. 

Their dataset was collected from the students of undergraduate colleges majoring in computer 

science. They used the C4.5 Decision tree algorithm after selecting appropriate features using 

different types of feature selection algorithms. Their purpose was to predict students’ 

performance earlier using machine learning algorithms. They worked with a limited number of 

domains. 
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2.3 Comparative Analysis and Summary 

There are a lot of works related to our research which were done by many researchers. We have 

shown it in the related works section of our report. Their works were based on predicting student 

performance using machine learning algorithms, data mining techniques. For this reason they 

collected data from different sources such as from educational institutes or through surveys. 

They collected the data of students for predicting their performance. After collecting data they 

applied different types of machine learning algorithms. Some of them were regression, 

classification algorithms. For doing this many of them used Weka software. Important features 

were identified using different techniques. Comparative results of different algorithms were 

shown in their research. They made different types of predictive models. Those models classified 

student performance as “Good” or “Bad”, predicted the chance of getting a job, identified 

passing and reappeared students and warned students about their performance. Their lacking was 

taking a limited number of attributes, unable to connect to the cloud etc. From these analyses we 

can take some ideas which will be helpful for our research. In our research, first of all we will 

collect our dataset through online or offline surveys among the university students. We will 

collect those attributes which have effects on student performance or academic results. Then we 

will preprocess that data. Important features will be identified using feature extraction 

algorithms. Then several machine learning algorithms will be applied on that preprocessed data. 

These algorithms might be both regression and classification algorithms. Both python anaconda 

navigator and weka software will be used for applying machine learning algorithms. Comparison 

among several algorithms will be shown. Among these experiments efficient algorithms will be 

identified from their accuracy. Among those machine learning models, the most efficient 

algorithm will be implemented for web implementation. Python flask web framework might be 

used in this case. And finally that web app can be deployed to Heroku. And this will be all about 

our research works. We got these ideas from different similar research works, online resources 

etc. Some of the research works have been described shortly in the related works section. 

 

2.4 Scope of the Problem 

There are several scopes of problem in our research works. Some researchers chose a particular 

domain for attributes instead of focusing all possible domain of attributes. We have the 

opportunity to focus in this area. Some researchers only made machine learning models and 
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comparison among the models were shown. But they did not implement it in cloud, web etc. We 

can make a system that will be able to predict the student performance and deploy it to the web 

or cloud. So that anyone can evaluate student performance by giving inputs as their attribute 

values. More efficient algorithms with higher accuracy can be applied for building our desired 

machine learning model. Both classification and regression algorithms can be applied in this 

case. Thus we will be able predict student performance in terms of academic result earlier from 

their attributes. We will be able to take necessary steps against the probability of bad result from 

that prediction. Finally, data mining techniques and machine learning algorithms will be helpful 

for education sectors in this way. Also it will be helpful for students for developing their 

performance in terms of academic result or SGPA. 

 

2.5 Challenges 

For completing our research based project successfully there are some challenges. First challenge 

is collecting a dataset. As there are no open dataset for our research and we have to collect 

primary data, there are some challenges regarding this. First of all we have to identify the related 

factors which are responsible for student academic performance. Then through survey form it 

will be collected from both online and offline sources. But there is one problem that is whether 

the students are giving their right information or not. For this we have to keep track of it 

manually. If we find any anomaly of any instance in our dataset we have to discard that instance. 

Another challenge is improving our model by increasing the accuracy of it. For increasing 

accuracy we can follow some rules and techniques. Such as we can take important features using 

feature extraction algorithms. We can use ensemble learning. Many hybrid and tree algorithms 

can be used. Deploying our model to the web or cloud is another challenge. All these challenges 

we have to deal with during our research works. 
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CHAPTER 3 

Research Methodology 

 

3.1 Research Subject and Instrumentation 

As our research is based on prediction of student performance first of all, we need the data of 

students which has effects on student performance. Our research purpose is predicting student 

performance in terms of academic result or SGPA. Here SGPA means semester result. Data is 

the most important part of our research. Almost all the work depends on data. If we collect our 

data and preprocess it then almost above 80% of our research works are done. We collected our 

dataset using questionnaires. We collected it both through online and offline. In online we used 

google survey form and in offline or field survey we used hardcopy of word files containing 

those questionnaires which has effects on student academic results. Details of our data collection 

procedure will be given in the next part. 

The following figures 3.1.1 and 3.1.2 show the google survey form for data online collection. 
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Figure 3.1.1: Google survey form for online data collection. 
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Figure 3.1.2: Google survey form for online data collection. 
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The following figures 3.1.3 shows the survey form demo for offline data collection. 

 

 

Figure 3.1.3: Survey form for offline data collection.  

 

3.2 Data Collection Procedure/Dataset Utilized 

To collect our dataset first of all we had to identify the relevant attributes which have impacts in 

student academic performance. Primarily we had selected almost 27 attributes for our data 

collection. The attributes are age, division, S.S.C and H.S.C GPA, relationship status, depression 

status, daily gaming time, distance from university, attendance in class, class task complete, 

number of dropped course, part time or full time job, number of tuitions, daily and weekly study 
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time, daily sleeping time, syllabus complete before exam, daily leisure time spent, extracurricular 

activities, skills and project, physical and mental stability, financial condition, research and 

publication, class lecture understand etc. Though primarily we selected those attributes, later we 

applied feature extraction algorithms on them to choose more important features among them. 

Based on the above factors we made an online and offline survey form to collect our dataset. We 

made some questionnaires so that we can get the desired attributes through the survey form. For 

online survey we have used google survey form and for offline we used hardcopy of similar 

questionnaires. We also checked if there is any anomaly while a student fills up that form. If we 

found it, we discarded that instance. We performed our survey among the university students of 

different departments. Thus we have collected our desired dataset. 

 

3.3 Statistical Analysis 

In our dataset there are 27 attributes and 522 instances. We have discarded those instances 

manually which contain missing value or anomaly. So there are no missing values in our dataset. 

Among them some of the attributes contain both nominal and numeric values. While preparing 

our dataset we kept both data types of the same attributes for analysis deeply. We collected and 

created our dataset in such a way that our dataset contains both nominal and numeric values for 

some attributes. We created some ranges and the numeric values were put to that range. Thus 

both nominal and numeric values of some attributes are kept in our dataset for deep analysis.  

 

Our dataset information containing attributes name and data type are given in the following table 

3.3. 
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TABLE 3.3: DATASET INFORMATION 

Serial Attribute Name Data Type 

1 Age Numeric 

2 Division Nominal 

3 S.S.C. GPA Nominal and Numeric 

4 H.S.C. GPA Nominal and Numeric 

5 Gender Nominal 

6 Relationship Status Nominal 

7 Depression Status Nominal 

8 Playing Games Time Nominal and Numeric 

9 Distance from University Nominal and Numeric 

10 Attendance in Class Nominal and Numeric 

11 Complete Home Task Nominal 

12 Quiz Marks Nominal and Numeric 

13 Dropped Course Nominal and Numeric 

14 Weekly Job Time Nominal and Numeric 

15 Tuition Number Nominal and Numeric 

16 Weekly Study Time Nominal and Numeric 

17 Daily Study Time Nominal and Numeric 

18 Daily Sleeping Time Nominal and Numeric 

19 Complete Exam Syllabus Nominal 

20 Leisure Time Spend Nominal and Numeric 

21 Extra-Curricular Activities Nominal 

22 Focusing On Skill And Project Nominal 

23 Mental Stability Nominal 

24 Financial Problem Nominal 

25 Publication Or Research Paper Nominal 

26 Understanding Class Lecture Nominal 

27 Semester Result or SGPA Nominal and Numeric 
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Statistical visualization of different attributes are given in figure 3.3.1, figure 3.3.2, figure 3.3.3 

and figure 3.3.4. 

 

 

Figure 3.3.1: Statistical visualization of different attributes.  
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Figure 3.3.2: Statistical visualization of different attributes.  
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Figure 3.3.3: Statistical visualization of different attributes.  
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Figure 3.3.4: Statistical visualization of different attributes. 

 

3.4 Proposed Methodology 

We have done our research work step by step. For predicting student performance in terms of 

academic results primarily we have selected some relevant attributes of a student. Then we made 

a survey form based on those attributes. We have designed our survey form with some questions 

in such a way that if students fill up the form, we can get our desired attributes. With that survey 

form we have collected our desired data. After that we have preprocessed our dataset applying 

different methods. In this case one important step was feature selection. Applying different types 

of methods, we have selected our important features for our model. Then we applied machine 

learning algorithms on that preprocessed dataset. Finally, we built our desired model. We also 

used weka software for further analysis. We have implemented our model with Flask for web 
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implementation and we deployed our final Flask app to the web using Heroku. These are our 

working processes. 

The following figure 3.4 shows the proposed methodology of our research work. 

 

Figure 3.4: Proposed methodology for research.  
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3.5 Implementation Requirements 

For implementing our research work there are some requirements. To make our machine learning 

model we have used anaconda navigator. We implemented our research works in python 

language. We used Jupyter Notebook, Spyder of anaconda navigator for making our machine 

learning model. They are very much useful for applying machine learning algorithms, training 

machine learning models, visualizing data, preprocessing data etc. In short all types of data 

analysis related works become easier using those tools. By importing libraries we can complete 

many complicated and difficult tasks of machine learning easily. After making the machine 

learning model we focused on deploying our model to the web. For this purpose we have used 

the Python Flask Framework. Our model is made using python and Flask is also a framework of 

python. So it makes our work easier. We used HTML, CSS and Bootstrap for making our web 

app of SGPA prediction. Finally we deployed our app to Heroku Cloud Application Platform. If 

we list our requirements for implementation, then the list we will be: 

● Python 

● Anaconda Navigator 

● Jupyter Notebook 

● Spyder 

● Flask Web Application Framework 

● HTML 

● CSS 

● Bootstrap 

● Heroku 

 

 

 

 

 

 

 

 

 



©Daffodil International University  22 
         

CHAPTER 4 

Experimental Results and Discussion 

 

4.1 Experimental Setup 

After collecting the dataset our next work was to preprocess it. In this case we used a python 

jupyter notebook. First of all, using the pandas data frame we loaded our dataset. While 

implementing with python we loaded our dataset as a csv format which was collected from a 

survey form. With all columns and rows, we displayed our whole dataset so that we could get the 

overall view about our dataset. In case of any missing value in the survey form or if we found 

any anomaly, we have deleted that instance. For this reason, we did not need to be concerned 

about missing values during the data preprocessing step as we already deleted the whole instance 

from the csv file which contained missing values. Unnecessary columns were dropped which had 

no effect on our model. There were two types of data in our dataset. They are nominal and 

numerical data. For nominal data we need to encode it as it is impossible to work with nominal 

value. So, we converted our nominal data into numeric data using Label Encoder. We encoded 

our data using Label Encoder which was imported from sklearn.preprocessing. Then the column 

which contains nominal data was fitted and transformed of that LabelEncoder object. By doing 

this we were able to get the corresponding numeric value of nominal data. We also used 

discretization for replacing multiple nominal values into one nominal value. Discretization is 

used to replace similar type value into one value. And these are all about our data preprocessing 

steps. 

Before applying data mining techniques and machine learning algorithms irrelevant attributes 

should be filtered or removed using different types of feature selection techniques such as 

wrapper, filter, embedded etc. [12]  

Using feature subset selection methods such as wrapper selection methods we can identify and 

remove irrelevant and redundant features which will reduce the dimensionality of data and lead 

our algorithm in an efficient way. [13] 

Feature selection is one of the important steps. In the feature selection step, unnecessary 

attributes are removed from the dataset. Besides it, the most important attributes are also 

identified. Primarily we had many unnecessary attributes in our dataset which had no effects on 

our model. Those attributes did not have any correlation with predicting student performance. 
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That’s why we needed feature selection. There are several techniques and algorithms in feature 

selection. Such as: 

 

1. Forward Selection: Forward selection follows the iteration technique where in each iteration 

the most important feature is added. This feature is best for the model and this work is done from 

an empty feature.  

 

2. Backward Elimination: Backward elimination technique removes the least important attribute 

in each iteration. It starts with all attributes and by removing least important attributes finally it 

keeps the most important attributes.  

 

3. Recursive Feature Elimination: In Recursive Feature Elimination, a subset of features is 

created which gives the best performance of a model. In each iteration it identifies best or worst 

performing features for a particular model and creates subset.  

 

Some feature selection techniques [14] which were implemented in our dataset are given below: 

 

1. Univariate Selection: 

The features which have the strongest relationship with student performance can be found. In 

this case, SelectKBest, chi2 are used to do that and these are imported from 

sklearn.feature_selection. The following figure 4.1.1 shows top most important features and their 

feature scores using chi-squared statistical tests. 
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Figure 4.1.1: Top most important features and their feature scores using chi-squared statistical tests. 

 

2. Feature Importance: 

Using feature importance, we can find the score of features and its importance according to 

prediction attributes. Higher the score of features, higher the importance of features. And this 

work is done by Extra Trees Classifier which is imported from sklearn.ensemble. 

The following figure 4.1.2 shows top 10 important features using Extra Trees Classifier. 
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Figure 4.1.2: Top 10 important features using Extra Trees Classifier. 

 

3. Correlation Matrix with Heatmap: 

Using a correlation matrix with a heatmap we can show the correlation among features. We can 

identify the features which are correlated with the targeted attribute. This work is done using sns 

which is imported from seaborn. 

The following figure 4.1.3 shows the correlation among features using correlation matrix with 

heatmap. 
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Figure 4.1.3: Correlation among features using correlation matrix with heatmap.  

 

We prepared our dataset in such a way that both classification and regression algorithms can be 

applied. We made our model in terms of SGPA, which is the semester result of a university 

student. While collecting data and preparing our dataset, semester results were kept as float 

values which was perfect for the regression model. Based on that float valued result, 

corresponding classes were also kept so that we can apply classification algorithms. Thus both 

regression and classification algorithms were used. We have applied several classification and 

regression algorithms which will be shown in experiment and output sections. Among those 

random forest algorithms gave higher accuracy compared to other algorithms. This was helpful 

for web implementation using python flask framework and it was deployed to heroku. Now I am 

going to describe the model and the basic process of making a model. After finishing data 

processing steps our next work was to make a model. To deploy our model to the web, we used a 
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random forest classifier algorithm because it works better than other classification algorithms. 

After processing data, we splitted our dataset into a train set and a test set. In this case we kept 

80% data as train set and 20% data as test set. Work of splitting the dataset was done using 

train_test_split  and it was imported from sklearn.cross_validation. Then we imported 

RandomForestClassifier from sklearn.ensemble. Then we created an object of it. To make the 

object we have several parameters inside the Random Forest Classifier. We have changed the 

value of parameters in such a way that we can get higher accuracy. Ensemble random forest 

algorithms give better accuracy and performance compared to other algorithms, especially when 

the data is imbalanced. [15] 

Random Forest algorithms are implemented in different ways in different places. In Scikit-learn 

it finds the node importance by Gini Importance guessing two child nodes only. [16] 

The following figure 4.1.4 shows the equation of node importance of Random Forest algorithm: 

 

Figure 4.1.4: Equation of node importance of Random Forest algorithm. 

The following figure 4.1.5 shows node importance equation components of the Random Forest 

algorithm. 

 

Figure 4.1.5: Node importance equation components. 
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The following figure 4.1.6 shows calculation of importance of features of the Random Forest 

algorithm. 

 

Figure 4.1.6: Calculation of importance of feature. 

The following figure 4.1.7 shows feature importance equation components of the Random Forest 

algorithm. 

 

Figure 4.1.7: Feature importance equation components. 

Normalization occurs from the range 0 to 1 by dividing the sum of feature importance values. 

The following figure 4.1.8 shows the equation of normalization of Random Forest algorithm. 

 

Figure 4.1.8: Equation of normalization. 

Finally, the Random Forest feature importance is calculated as the average of all trees. The 

following figure 4.1.9 shows the equation of Random Forest feature importance of the Random 

Forest algorithm. 

 

Figure 4.1.9: Equation of Random Forest feature importance. 
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The following figure 4.1.10 shows components of the Random Forest feature importance 

equation of Random Forest algorithm. 

 

Figure 4.1.10: Components of Random Forest feature importance equation. 

This is a random forest classification for SGPA with different classes. And applying this random 

forest classification we can get our desired model. Similarly for float valued SGPA we used 

Random Forest Regressor for making our regression model. 

When our model making process is finished then it is eligible for predicting semester results or 

SGPA of a student based on the attributes of a student. And the attributes are those attributes by 

which the model was trained and made. 

 

4.2 Experimental Results & Analysis 

We applied different types of Machine Learning algorithms to build our model. Among them, 

random forest algorithms gave the best accuracy. We applied both classification and regression 

algorithms. For classification we applied Random Forest Classifier and for regression we applied 

Random Forest Regressor. We prepared our dataset in such a way that we can apply both 

classification and regression algorithms. And we did by keeping both nominal and numeric 

values of SGPA. While applying classification algorithms we used SGPA containing nominal 

values. While applying regression algorithms we used SGPA containing numeric values. 

While using the Random Forest Classifier the accuracy of our model was almost 86%. 

The following figure 4.2.1 shows the accuracy of the model using Random Forest Classifier. 
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Figure 4.2.1: Accuracy of the model using Random Forest Classifier. 

 

In this case we classified student results into two classes. They are good and bad. We kept 33% 

as test data. Rest of them were train data. 

The following figure 4.2.2 shows the size of train and test data 

 

Figure 4.2.2: Size of train and test data. 

 

The following figure 4.2.3 shows the model building process using Random Forest Classifier. 
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Figure 4.2.3: Model building process using Random Forest Classifier. 

 

For numeric SGPA we applied regression using Random Forest Regressor. 

The following figure 4.2.4 shows the model building process using Random Forest Regressor. 

 

Figure 4.2.4: Model building process using Random Forest Regressor. 

In this case accuracy was 96%. 

The following figure 4.2.5 shows the accuracy of the model using Random Forest Regressor. 

 

Figure 4.2.5: Accuracy of the model using Random Forest Regressor. 
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We also applied the K-Nearest Neighbors, Support Vector Machine etc. algorithms. But their 

accuracy was less than the Random Forest algorithm. So we decided to keep the Random Forest 

algorithm for our further web implementation process. 

 

For further analysis we have used Weka Software. We have applied different types of algorithms 

on our dataset. In this case we converted our dataset from csv to arff format using Weka 

Software. We analyzed our data in different ways. One of them was we have classified students 

into two categories in terms of semester results or SGPA. There were two types of results. One is 

good and another is bad. 

The following figure 4.2.6 shows bad and good two classes for applying algorithms using Weka 

implementation. 

 

Figure 4.2.6: Bad and good two classes for applying algorithms using Weka implementation. 

 

The following figure 4.2.7and figure 4.2.8 shows the factors we kept after preprocessing our data and 

for applying algorithms to predict SGPA. 
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Figure 4.2.7: Visual representation of features for Weka implementation. 
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Figure 4.2.8: Visual representation of features for Weka implementation. 

  

After the preprocessing using Weka, we have applied different types of classification algorithms. 

Tree J48 classifier is one of them. 

The following figure 4.2.9 shows the implementation of J48 tree classifier algorithm using Weka 

software: 
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Figure 4.2.9: Applying J48 tree classifier algorithm using Weka software. 

 

Here we see that accuracy is 82.75%. 

The following figure 4.2.10 shows the visual representation of the J48 tree algorithm. 
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Figure 4.2.10: Visual representation of J48 tree algorithm. 

 

We also applied the Random Forest tree algorithm. 

The following figure 4.2.11 shows the implementation of the Random Forest tree algorithm 

using Weka software. 
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Figure 4.2.11: Applying Random Forest tree algorithm using Weka software. 

 

Here the accuracy was 83.71%. It is the nearest to the J48 algorithm. 

In both cases Cross-validation Folds were kept 10. 

Other classification algorithms were also applied. But the above two algorithms gave the best 

accuracy compared to other algorithms. 

We also analysed our data using Weka in different ways. Such as classifying them into several 

categories. We also used several regression algorithms using Weka as we have kept a column in 

our dataset which contains numeric values of SGPA. 

In table 4.2.12, table 4.2.13 and table 4.2.14 accuracy of different regression and classification 

algorithms are shown: 
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TABLE 4.2.12: REGRESSION ALGORITHMS ACCURACY 

Algorithm Accuracy 

Linear Regression Algorithm with All Nominal and Numeric Attributes 64.86 % 

Random Forest Regressor Algorithm with All Nominal and Numeric 

Attributes 

97.21 % 

Linear Regression Algorithm with only Numeric Attributes 62.55 % 

Random Forest Regressor Algorithm with only Numeric Attributes 97.11 % 

Linear Regression Algorithm with only Nominal Attributes 41.37 % 

Random Forest Regressor Algorithm with only Nominal Attributes 96.06 % 

 

 

TABLE 4.2.13: CLASSIFICATION ALGORITHMS ACCURACY 

Algorithm Accuracy 

Random Forest Classifier Algorithm with All Nominal and Numeric 

Attributes 

86.71 % 

KNeighbors (KNN) Classifier Algorithm with All Nominal and Numeric 

Attributes 

82.65 % 

Support Vector Classifier (SVC) Algorithm with All Nominal and Numeric 

Attributes 

82.65 % 

Random Forest Classifier Algorithm with only Numeric Attributes 99.42 % 

KNeighbors (KNN) Classifier Algorithm with only Numeric Attributes 83.81 % 

Support Vector Classifier (SVC) Algorithm with only Numeric Attributes 97.11 % 

Random Forest Classifier Algorithm with only Nominal Attributes 87.28 % 

KNeighbors (KNN) Classifier Algorithm with only Nominal Attributes 79.19 % 

Support Vector Classifier (SVC) Algorithm with only Nominal Attributes 84.39 % 
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TABLE 4.2.14: CLASSIFICATION ALGORITHMS ACCURACY USING WEKA SOFTWARE 

Algorithm Accuracy 

Random Forest Tree Algorithm with only Nominal Attributes 83.71 % 

J48 Tree Algorithm with only Nominal Attributes 82.75 % 

 

 

4.3 Discussion 

From our experimental result we can see that, Random Forest algorithm gave more accuracy 

compared to other algorithms. It is efficient in both classification and regression. So we decided 

to use the Random Forest algorithm for the web implementation. So that we can predict a student 

performance in terms of semester result or SGPA from their attributes as input. 

For implementing our model with python flask and deploying it to the web using Heroku first of 

all we saved our model. We saved our machine learning model as model.pkl by dumping. This 

work was done using pickle which was imported. Then our model began eligible for predicting 

student performance from the attributes of students by which it was trained. We used html, css, 

JavaScript, bootstrap etc. for the markup and design of the web. We used two html files located 

in the templates folder. One is index.html and another is result.html file. In this case, index.html 

file was used to take input using form. These inputs are those attributes which were used to train 

our model and by these inputs student performance will be predicted. There are two types of 

inputs. One is a real number and another input is for nominal value. First type input supports 

integer and float type value. For nominal inputs there are several options. These options have a 

corresponding value. And these values are those values which were generated during building 

our model using dictionary mapping. During using label encoder, we have created numerical 

values of each categorical label. Ultimately while selecting any nominal valued option from html 

form actually we are selecting the categorical values by which they were trained. We used 

bootstrap as well as css to make our web interface more attractive. Finally, we kept a submit 

button in the index.html file for taking those inputs. Performance of students in terms of SGPA is 

shown in the result.html file which is predicted by our model using those attributes. Some 

screenshots of output of index and result html files are given below. 

The following figure 4.3.1 and figure 4.3.2 show deploying models to the web for predicting 

SGPA. 
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Figure 4.3.1: Deploying model to web for predicting SGPA. 
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Figure 4.3.2: Deploying model to web for predicting SGPA. 

 

The following figure 4.3.3 shows predicted SGPA using Regression. 

 

Figure 4.3.3: Predicted SGPA using Regression. 
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The following figure 4.3.4 shows predicted SGPA using Classification. 

 

Figure 4.3.4: Predicted SGPA using Classification. 

Another important file during building our Flask App is script.py. All main parts are done inside 

this file. All-important machine learning, flask, web libraries are imported in this file. Two routes 

are created inside this file. One is for index html and another is for result html. Two customized 

functions are also created inside script.py file. One is for result prediction in terms of SGPA 

where work of prediction is done. It takes input as a list, makes the list into an array and loads 

the model for prediction. It returns the ultimate result which is predicted using predict function. 

Another function is the result function in which inputs from the form are collected. Also, it 

makes a list of those values and passes it another function in which work of prediction is done. 

When the function returns the value of result then it keeps it in a variable and passes it to 

result.html form using render_template for showing the result. Finally the performance of 

students is predicted. 

After making the flask app and attaching our model with it our next step was to deploy it to the 

web. To do this we had to follow several steps. We wanted to deploy our flask app to Heroku 

which is a platform as a service. To do this first of all we had to install git and Heroku CLI. We 

had to install gunicorn to the virtual environment where the flask was installed. Gunicorn does 

the work of handling requests and complicated tasks are also handled by it. Then we created a 

requirements.txt file. We used many libraries and files while building our flask app. By creating 

requirements.txt file we inform Heroku that our project needs these for running our flask app. 

Then we created a text file named Procfile to inform Heroku what is essential for starting our 

flask app. We also created a file named .gitignore which helps to remove unnecessary files while 

deploying our app to heroku. After creating the above files using some commands, finally our 

flask app was deployed on Heroku. 

We deployed 3 types of Flask web apps for predicting student semester results or SGPA. One of 

them was deployed using regression algorithm. [17] 

Another was deployed using classification algorithm. [18] 

And the last one was deployed using a regression algorithm with numeric attributes. [19] 



©Daffodil International University  43 
         

 

In our experiment, first of all we preprocessed our data for applying machine learning algorithms 

and making our desired machine learning model. We applied different feature extraction 

algorithms for finding important features for our machine learning model. We applied different 

types of regression and classification algorithms on that preprocessed data. We applied K-

Nearest Neighbors, Support Vector Machine, Random Forest, J48 Tree algorithms. We used 

Python Jupyter Notebook, Weka Software for applying those algorithms. Among those 

algorithms, the Random Forest algorithm gave the best accuracy compared to others. As the 

Random Forest algorithm gave the best accuracy, we used the Random Forest algorithm for web 

implementation. We attached our machine learning model which is made using the Random 

Forest algorithm. We used the Python Flask framework for making our web app. And finally 

deployed our app to Heroku. Thus we made a web app using data mining techniques and 

machine learning algorithms which can predict the semester result of a student using their 

attributes as input. 
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CHAPTER 5 

Impact on Society, Environment and Sustainability 

 

5.1 Impact on Society 

Our research has a great impact on our society. There is a positive impact on our society. From 

our research students will get benefits. They can predict their performance earlier. From their 

prediction they will be aware if the prediction is bad. They can develop their attributes which are 

correlated with their academic result. They can improve their academic result from their 

prediction. Necessary steps can be taken and authority can take several steps for those students 

whose results are predicted as bad. By doing these they will be eligible for higher studies both in 

our country and abroad. They need not to retake their courses. They can save their money and 

valuable times. Moreover their parents will be proud of their brilliant results. By developing their 

result they will be regarded as assets both for our society and country. They will be able to 

contribute for our society and country positively. These are the positive impacts from our 

research. 

 

5.2 Impact on Environment 

There is no negative impact of our research on the environment. Actually our research does not 

have any correlation with the environment. Basically our research is for the students. How to 

check their performance based on their attributes. After predicting their academic results they 

will be warned if their predicted result is very much bad. Moreover different necessary steps can 

be taken by authorities from their predicted result. Students can develop their attributes which 

have effects on their academic results if the predicted results are poor. In our research we 

analyzed the data of students in different ways. We tried to implement data mining techniques 

and machine learning algorithms in the education sector. So we can see that there was not any 

impact on the environment in our research. 
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5.3 Ethical Aspects 

Major ethical terms have been maintained during conducting our research works. Informed 

consent has been followed during our research. 

While working with data, ethical aspects should be maintained and we should be aware of the 

data related terms such as personal data, data ownership, consent, purpose of use, trustworthiness 

etc. [20] 

We collected our dataset by informing the students about our purpose. And for which their data 

will be used. Nothing was kept hidden in this case. Our research was not harmful to any person, 

community or the world. Rather it was beneficial for the students. It was helpful for the students 

to develop their performance. Our research was helpful for their self judgement. They can judge 

themselves earlier and improve their academic result according to that. There was respect for 

anonymity and confidentiality in our research. Protection for privacy was also kept in our 

research. We did not collect any personal information of a student by which our research was 

conducted. We designed our dataset in such a way that it doesn’t contain any personal 

information of anyone. Only common attributes of students were kept in our research. Privacy 

was strictly maintained in our research. Skills for conducting our research were obtained before 

doing it as a researcher. All ethical issues were taken into consideration in our research so that it 

cannot harm anyone. 

 

5.4 Sustainability Plan 

We can keep a maintenance plan for our research project. We have completed our primary 

version of research. If we want to extend it and maintain it in future, we need a sustainability 

plan. Several steps can be taken in this case. We can update our web app which was deployed to 

the web by adding additional features day by day. We can make our web app more attractive in 

future with attractive design using html, css, javascript, bootstrap etc. We can add some 

additional latest features which will make our prediction based web app more efficient and 

easier. We can apply more efficient and hybrid algorithms to make our model more efficient. 

Other attributes can be taken into consideration for web implementation. More research can be 

conducted on our topic. These works and similar works can be taken into consideration for our 

maintenance in future. These are all about our sustainability plan. 
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CHAPTER 6 

Summary, Conclusion, Recommendation and Implication for Future 

Research 

 

6.1 Summary of the Study 

In our research, we wanted to implement data mining techniques and machine learning 

algorithms in education sector. Our aim was to predict student performance from their attributes. 

So that at the beginning of their study necessary steps can be taken to improve their academic 

performance. For this reason, first of all we have collected primary data of students. We have 

collected those data which have correlation with student academic performance in terms of 

semester result or SGPA. We collected our data through online google survey form and offline 

survey form. Data was collected from university students. After collecting our dataset we 

preprocessed it. After preprocessing our data, we applied different machine learning algorithms 

for predicting semester results. Among those algorithms, the Random Forest algorithm gave the 

best accuracy compared to other algorithms. That’s why we made our machine learning model 

using the Random Forest algorithm. We attached our machine learning model to the Python 

Flask framework for web implementation. In our web app we made a form to collect inputs. 

These inputs are those attributes of students by which our machine learning model was trained 

and created. That means these are the attributes of students which have correlation with student 

academic performance. We loaded our model with these inputs to predict student performance. 

Thus our web app can predict student performance in terms of semester result or SGPA from the 

attributes of a student. After making our web app, we deployed it to the web using Heroku. Thus 

our web app can predict student results from their attributes at the beginning of their learning 

process. If their results are predicted as bad, necessary steps can be taken at the beginning of 

their learning process to develop their result. These were all about our research. 

 

6.2 Conclusions 

Data mining and machine learning algorithms can play a great role in the education sector if we 

can use it in an efficient way. If the performance of a student can be predicted from the 

beginning of their teaching from their attributes, we can take extra care of those students from 
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the prediction. Day by day data is increasing rapidly in the world. And by using and analyzing 

this data, especially the data of students we can develop our education sector which will be 

helpful for students. We can identify the weakness of a student and the related factors of bad 

results and can take necessary steps regarding these factors. We can arrange counsel hours for 

the students with the probability of bad performance and we can give suggestions and the right 

direction from earlier. In our research, we tried to explain all processes and implementation of 

data mining and machine learning algorithms which are helpful for developing the education 

sector. 

 

6.3 Implication for Further Study 

In our research, we collected the data of university students. In future another type of data can be 

collected with different attributes. Another domain of students can be chosen for implementation 

of data mining and machine learning algorithms. Other attributes which have effects on student 

performance can be identified and collected. Large amounts of data can be collected from many 

departments. If possible, the student database of any educational institute or university can be 

used for further analysis. Another machine learning algorithm can be used to see the differences 

among algorithms and which algorithm gives best accuracy can be identified. Data can be 

analyzed in different ways with additional tools in future. 
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APPENDICES 

Appendix A: Offline Survey or Field Survey 
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Appendix B: Online Survey Link 
 

https://forms.gle/sCGBWxDE13nQrYmr6 
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