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Abstract— In the recent years, the application of data 

mining is ubiquitous. Many fields utilize data mining 

techniques for knowledge discovery and for making 

strategic decisions. The educational data mining has 

captured the attention of researchers all over the world 

due to its significance and need of the society. Predicting 

academic performance of students is one of the important 

problems in the educational data mining. Many 

researches using various data mining techniques and 

methods addressed this problem of performance 

prediction. In the literature, the students’ performance is 

predicted only at the end of the programme, leaving out 

the sensitive introductory semester. Also, a detailed 

experiment on state-of-the-art feature selection and 

learning methods of this problem were inattentive. In this 

light, we propose a hybrid feature selection framework 

based on the evolutionary search strategy and filter 

methods to early predict the academic failure of rural 

college students in the introductory courses using 

ensemble classifiers as it combines multiple models 

together and produce accurate results. 

Keywords—educational data mining, hybrid feature 

selection, ensemble classifiers, academic performance 

prediction. 

1. Introduction 

      In the recent years, the application of data mining to 

educational field is becoming very popular as the data 

accumulated in the higher education environmental 

setting is massive. The Internal Quality Assurance Cell 

(IQAC) of higher educational institutions periodically 

monitors, tracks and ensures the quality aspects in all 

respects. With the recent advent of Digital India 

campaign, it is attempted to digitize records of 

universities/colleges/educational institutions as directed 

by the University Grants Commission (UGC) for the ease 

of access, safety and storage. Thus, the academic data 

grows drastically and no information or inference is made 

out of these huge amounts of data. The Educational Data 

Mining (EDM) deals with developing techniques for 

exploring the data those come from educational settings, 

deriving intelligent information so as to assist the stake 

holders in making strategic decisions. 

      The EDM opens up opportunities for a range of 

researches in the areas such as prediction of college 

entrance exam aspiration[8], predicting the possibility of 

a student to drop-out of school or university[4], final 

grade prediction model[20], identification of at-risk level 

of students[22][13], determination of students’ 

achievements, etc., The statistical data of higher 

educational institutions reveals the fact that there is a 

high students’ failure rate in the introductory courses of 

under-graduation and is one of the serious problems to be 

addressed. The students after passing out of school 

register for an under-graduation degree programme in 

any institution. Some of these students, who secured fair 

scores in their schooling, obtained poor marks or failed in 

the first year introductory courses. There is a huge gap in 

this transformation from school education to higher 

education that has to be bridged by identifying and 

implementing appropriate measures. The performance 

ratio is even poorer in the case of rural colleges due to 

ignorance, unfamiliarity of college education and various 

other factors. Early prediction of such students will help 

the class advisors to identify and provide them with 

timely and suitable assistance. 

2. Related Works 

The educational data mining has formed the 

possibility of pursuing numerous researches with the 

academic data generated through the administering and 

stream-lining tasks of the institutions. Forecasting of the  

student’s problem [19], prediction of grades [20], 

prediction of drop out prone students [9], identification of 

slow learners [16], analysis of web-data [12], 

determination of factors influencing the achievements, 

Library book recommendation [23], measuring student’s 

engagement [21], examining of student’s interaction in 

online live streaming video are some of the interesting 

problems of educational data mining in the history. 
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Table 1. Literature Survey Of Techniques Used In Predicting Students’ Academic Performance 

 

EXISTING 

WORK 
OBJECTIVES 

TECHNIQUE 

USED/PROPOSE

D 

KEY FINDINGS 
SHORTCOMIN

GS 

Academic 

Performance 

Prediction 

Based On 

Voting 

Technique[1] 

To compare the 

accuracy of data 

mining methods 

to classifying 

students in order to 

predicting student's 

class grade. 

Minimum 

Description Length 

(MDL) algorithm, 

C4.5, NBTree, 

BayesNet, NB, 

HNB,  

Results showed 

that, combining 

different classifiers 

improved the 

prediction accuracy 

compare to single 

classifiers. 

No investigation 

on FS methods 

appropriate for 

the proposed 

ensemble model. 

A 

Combinational 

incremental 

ensemble of 

classifiers as a 

technique for 

predicting 

students’ 

performance in 

distance 

education[2] 

To have a learning 

approach that has 

the ability of doing 

some revisions on 

the trained system 

so 

that unlearned 

knowledge encoded 

in new examples 

could 

be incorporated. 

Ensemble classifier 

which includes 

Naïve Bayes, 1-NN 

and WINNOW 

algorithms. 

An online ensemble 

of classifiers that 

combines an 

incremental version 

of Naive Bayes, the 

1-NN and the 

WINNOW 

algorithms using 

the voting 

methodology. 

As space 

complexity is 

addressed, no 

mechanism is 

incorporated to 

reduce the 

dimension of the 

data set. 

Classifiers chosen 

for the ensemble 

are based on the 

general 

characteristics 

and no 

experiment was 

carried out to 

choose 

appropriate 

ensemble 

Model 

Prediction of 

Academic 

Performance 

for First Year 

Students[7] 

To predict new 

students' academic 

performance taking 

into account socio-

demographic and 

academic variables. 

k-NN, IBk, 

decision trees, and 

naïve Bayes. 

Optimize Selection 

FS method in 

RapidMiner. 

Naïve Bayes 

obtains higher 

prediction 

accuracy. 

No justification 

for the choice of 

wrapper FS 

method as well as 

the learning 

algorithms. 

A Genetic 

based fuzzy 

mathematical 

model to 

evaluate 

distance 

education 

students’ 

academic 

performance[1

0] 

To predict the 

academic 

performance of 

distance education 

students 

Fuzzy RFM model, 

Genetic fuzzy 

model 

Using genetic 

algorithm, the 

optimization 

accuracy was 

raised. 

No comparative 

study on the 

performance of 

other models. No 

details about the 

data cleaning and 

pre-processing 

techniques. 

Predicting 

student 

academic 

performance in 

A regression 

problem to find the 

student’s scores on 

the dynamics final 

Multiple linear 

regression (MLR), 

multilayer 

perception (MLP) 

If the goal is to 

predict average 

academic 

performance as a 

Only academic 

data were used for 

the prediction of 

scores as the final 
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an engineering 

dynamics 

course: 

A comparison 

of four types 

of predictive 

mathematical 

models[11] 

exam based on a 

six combinations of 

predictor variables.  

network, radial 

basis function 

(RBF) network, and 

support vector 

machine (SVM) 

whole then the 

multiple linear 

regression model is 

to be used with 

student’s 

cumulative GPA as 

the only predictor 

variable. If the goal 

is to predict the 

academic 

performance of the 

individual students, 

then SVM is to be 

used with the first 

six predictor 

variables. 

grades is greatly 

influenced by 

other 

psychological and 

non-academic 

factors 

 

 

Table 1, depicts the literature and the state of art 

methods/techniques that have been applied on predicting 

the students’ academic performance. Researches were 

focussed on web-based data, tracking the patterns of 

usage to determine the class label.  

3. Factors That Influence The Academic 

Performance Of Rural College Students In 

The Introductory Classes 

With the data from the literature survey and on 

discussion with the academic experts, a list of probable 

features based on five categories such as school-related 

factors, student related factors, institution-related factors, 

life and socio-economic issues and lastly the academic 

status, which also forms the class label, have been 

categorized. A total of forty five features have been 

identified under these five categories and listed in Table 

2. These features will be the input data for the model. A 

student sample thus consists of forty five attributes and 

last feature classifies the student with pass/fail values. 

Hence, it becomes a binary classification problem of 

predicting a student sample to be a risk prone or not. 

Table 2. Factors That Influence The Academic 

Performance Of Rural College Students In The 

Introductory Classes 

 

MAJOR 

AREA 
CATEGORIES 

School – 

Related 

Factors 

Student college Reg. No 

Govt./Private School (G/P) 

Percentage obtained in the higher 

secondary education 

Break in school education (Yes/No) 

Level of comprehension skills in 

school (Low/Medium/High) 

No. of attempts made to pass the 

board examination 

Level of Teaching at School 

(Low/Medium/High) 

Medium of Instruction 

(Tamil/English) 

Co-Education? (Yes/No) 

Group Studied (Biology/ Computer 

Science/ Commerce/ Vocational)  

Tutorial school education (Yes/No) 

Students – 

Related 

Factors 

Gender (Male/Female) 

Age 

Marital Status 

Category (OC/OBC/SC/ST) 

Discipline 

Institution name 

Nativity (Yes/No) 

Residence (Rural/Urban) 

Hostel Accommodation? (Yes/No) 

Attendance Percentage 

Model Examination Percentage 

Preparedness for college (Yes/No) 

Education of Parents (Yes/No) 

Level of Interestingness towards 

the course (Range 1-5) 

Is First Generation Learners? 

(Yes/No) 

Library Visit (Yes/No) 

Owning of a Laptop/PC with 

internet connection (Yes/No) 

Study Hours per day excluding 

college hours 

Health Issues (Yes/No) 
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Stress/Depression (Yes/No) 

Sports (Yes/No) 

NCC(Yes/No) 

NSS(Yes/No) 

Feeling of inferiority (Yes/No) 

Institution- 

Related 

Factors 

Availability of Teachers for 

handling subjects (Yes/No) 

Availability of Library books 

(Yes/No) 

Level of Teaching at College 

(Low/Medium/High) 

Medium of Teaching 

(Tamil/English/Bi-lingual) 

Availing Scholarship? (Yes/No) 

Availability of Computers with 

Internet Connection (Yes/No) 

Life and Socio-

economic 

issues 

Part Time Job? (Yes/No) 

Employment of Family (Single 

Income/Double Income/No 

Income) 

Annual Income 

Academic 

Status 
Pass/Fail (Class – Label) 

The feature set has been constructed considering the 

fact that the past performance is indicative of the current 

performance. So the school data is also included to 

evaluate the student’s performance in the first semester. It 

is also believed that a student’s academic performance is 

affected not by mere academic data but involves various 

other family/social/psychological circumstances [27]. 

Based on these arguments, many other factors were 

included in the set in consultation and as opined by 

academic experts. During the introductory semester, no 

other means of tool is available to the class advisors to 

evaluate the comprehension ability of the students. 

Therefore, the proposed model is to be applied to early 

predict such students at risk and provide them timely 

assistance. 

4. Proposed Hybrid Feature Selection Based 

Framework For Early Prediction Of Rural 

College Students’ Academic Performance 

The Feature subset selection finds subsets of 

attributes that collectively show a good predictive 

accuracy. Traditional feature selection techniques use a 

single approach to select feature subsets. However, using 

a single method for feature selection may not be efficient 

and generate local optima.  

There are three classes of feature selection methods 

namely filter, wrapper and hybrid (embedded) [6]. Filter 

approaches for feature selection discover intrinsic 

relationships between the individual feature and the class 

label. However, filter approaches do not use any 

performance evaluation criteria based on accuracies. 

These are computationally cheaper but do not guarantee 

that the selected feature set to be the most significant in 

terms of performance and accuracy. In contrast, wrapper 

approaches use accuracy based performance evaluation. 

It uses a classification accuracy based performance 

evaluation criteria during training, and also ensure that 

selected subset by the wrapper could achieve a better 

performance. But it is computationally expensive. Hence, 

the proposed hybrid approach integrates the knowledge 

about the intrinsic relationship between features with the 

corresponding classes estimated by the filter as well as 

the wrapper approach and takes advantages of the 

complementary properties of both. 

 

 
Figure 1. Proposed hybrid feature selection based 

framework for early prediction of rural college students’ 

academic performance 

The proposed hybrid approach as depicted in Fig.1 is 

a two stage technique and is a combination of feature 

ranking and feature subset selection methods. There are 

two steps for generating feature subset. First, a feature 

ranking list is generated using filter-based rankers and 

input into the next step. Second, the top significant 

features from the ranking list are chosen and then the 

evolutionary search based feature subset selection 

method is applied to the reduced dataset. As the number 

of features considered in this problem is more, there is a 

need to reduce the size of the feature set to increase the 

prediction accuracy. The ensemble classifiers have been 

proved to produce accurate results as multiple models are 

constructed from multiple training sets. Based on the 

outcome, a voting technique is employed to choose the 

accurate class label for a student sample. The process is 
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repeated iteratively until the conditions of control 

variables are met. 

5. Conclusion and Future Works 

      In this paper, a hybrid feature selection framework 

was proposed for the first time in the literature for the 

early prediction of academic failure of rural college’s 

students in the introductory courses. Several non-

academic factors were considered apart from the 

significant academic features.  A total of forty five 

features were thus identified and listed. The proposed 

method combined the abilities of filter and wrapper 

approaches for effective feature selection. Ensemble 

classifier fuses multiple models and predicts the class 

variable based on a voting technique. Hence, the 

accuracy of the ensemble classifier was used as the 

fitness evaluation criterion. Our future work attempts to 

implement the following: 1) To collect student’s data 

from the rural colleges as per the features listed in this 

work and compare the performances of existing 

algorithms on the data set. 2) To fine tune the existing 

methods for academic failure prediction at the earliest. 3) 

Identification of an appropriate model for this problem. 

4) Application of the proposed framework and 

comparison with the already best identified model. 
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