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B. Linear Discriminant Analysis 
There are many possible techniques for classification of 

data. Linear Discriminant Analysis (LDA) is the commonly 
used technique for data classification. This technique divides 
the whole data set into the groups, classifying the 
membership of a particular case or data value or scale value 
(given by a respondent). Here the two group classification 
has been used with the help of Fisher’s Linear Discriminant 
analysis, taking the data samples which were originally from 
two group population.  

 

III. METHODOLOGIES AND RESULTS 
From 8 districts of West Bengal 300 students of rural 

schools are taken as the respondent sample. They were asked 
several questions about the reasons for which the students are 
unable to enroll themselves in higher education in West 
Bengal. Eight reasons were already collected from the pilot 
survey and these eight questions were placed to them. In 
accordance with them the importance of the questions 
regarding less enrollments in higher education are plotted 
graphically in Fig.2.  

 

 
Fig. 2. Reasons of inability of students to enroll themselves in higher 

education in West Bengal 
 

In Fig.2 the ordinates represent:    
A= [After fulfilling basic needs of family, it becomes 

difficult to bear expenses for higher education] 
B= [Due to engagement with family occupation; students, 

even those who are aspiring to higher education, get no time 
to study] 

C= [Distance along with transportation system between 
residence and higher education institutes is not that much 
good, which are key reasons for not going for it] 

D= [A very few number of seats and less opportunities are 
there in higher education institutes in West Bengal for 
mediocre students. So they are not getting chances for desired 
subjects due to competition] 

E= [The least interests of students in higher education 
make them reluctant to it] 

F= [Students do not get proper guidance which leads them 
in not going for higher education] 

G= [Involvements of politics in higher educational 
institutes in West Bengal affect the environment of education 
that leads to fewer enrollments in higher education] 

H= [Job opportunities of fresh secondary or below 
secondary students in retail based industries demotivate 
student’s higher education] 

 
In the data sample the cases arose according to the scaling 

values [1 - 4] given by the respondents i.e. 300 students of 
rural schools of 8 districts of West Bengal. Now we are to 
determine that the scaling values in terms of the reasons of 
inability of students’ enrollment in higher education, they 
provided, are at all matching with their willingness decisions 
[YES/NO]. Now we need to classify them into two categories 
[YES and NO] with the help of the scaling values they 
provided. Now the data sample has been channelized through 
Kolmogorov-Smirnov Z normality test to check whether the 
data sample is applicable for discriminant analysis or not. 
The normality test satisfied well. The correlations among 
variables i.e. the scaling of the reasons are very low. And 
hence we can take the data sample suitable for discriminant 
analysis. 

From the data sample of 300 respondents in traditional 
learning we got, 163 candidates responded ‘YES’ and 137 
candidates responded ‘NO’ in terms of going for higher 
education. Here taking n1=163 and n2=137, we can have a 
pooled estimator for the covariance of the original population 
as 

Spooled = భିଵሺభିଵሻାሺమିଵሻ ଵܵ+ మିଵሺభିଵሻାሺమିଵሻ ܵଶ 

   =0.544S1 + 0.456 S2 

where S1 and S2 are the covariance matrices for the ‘YES’ 
and ‘NO’ groups respectively. And the matrices S1 and S2 
obtained are as follows: 

   S1(YES)=

ێێۏ
ێێێ
.ۍێ 281 െ.024. 854 . 034 െ.026െ.101 . 0801.025 െ.022. 473    

. 020 . 059െ.189 െ.079 . 007 െ.045. 080 െ.023. 155 . 104. 0150.764 . 082. 096. 462
െ.209 . 126. 043െ.140െ.047. 523

െ.101. 125െ.089െ.071. 784 ۑۑے
ۑۑۑ
ېۑ
         

S2(NO)= 
ێێۏ
ێێێ
.ۍێ 250 െ.120. 717 . 018 െ.036െ.082 . 0681.098 െ.011. 531    

. 067 . 041െ.047 െ.012 . 006 . 028. 008 െ.096. 277 . 117െ.0680.751 . 068. 109. 358
െ.129 . 063. 059െ.046െ.094. 535

െ.027. 079. 017െ.105. 721 ۑۑے
ۑۑۑ
ېۑ
 

Spooled=

ێێۏ
ێێێ
.ۍێ 2669 െ.0678. 7915 . 0267 െ.0306െ.0923 . 07451.0583 െ.0170. 4994    

. 0414 . 0508െ.1242 െ.0484 . 0065 െ.0117. 0472 െ.0563. 2106 . 1099െ.02280.7581 . 0756. 1019െ.4146
െ.1725 . 0973. 0503െ.0971െ.0684. 5285

െ.0673. 1040െ.0407െ.0865. 7553 ۑۑے
ۑۑۑ
ېۑ
 

Here the data sample we have got according to the scaling 
values of the respondents between 1 and 4. Now we need to 
verify the responses (YES/NO) for authenticity. We need to 
classify the respondents according to the two groups for YES 
and NO, whether a respondent who opines YES (NO) for 
higher studies is predicted for (not) aspiring to higher studies 
or not. To classify the respondents into the said groups we are 
to make use of Fisher’s linear discriminant analysis approach. 
Let’s suppose there exist k no. of categories denoted by πk, in 
the actual population consisting of the covariance matrix ∑, 
where k denotes the categories. 

According to R. A. Fisher the Minimum Total Probability 
Misclassification rule for normal populations with unequal 
covariance matrices is given by  
Allocate X to πk if the linear discriminant score መ݀ሺܺሻ =max[ መ݀ଵሺܺሻ, መ݀ଶሺܺሻ, መ݀ଷሺܺሻ…………… መ݀ሺܺሻ] 

 

94.5%
60.875%

65.125%
91.5625%

59.25%
93%

88.8125%
49.625%

0 20 40 60 80 100
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Here g=2, the two groups for YES and NO. And the 
number of categories in the original population is also k = 2. 
The estimate of the linear discrimination score መ݀ሺܺሻ= పܺ ഥ ܵௗି1 ܺ െ ଵଶ పܺᇱതതതܵௗିଵ పܺഥ   ݈݊
where i=1~YES, 2~NO; and pi are the respective prior 
probabilities An estimate መ݀ሺܺሻ of the linear discriminant 
score di(X)is based on the pooled estimate of the population 
covariance ∑ i.e.  

Spooled= ଵభାమାڮାି ሾሺ݊ଵ െ 1ሻ ଵܵ  ሺ݊ଶ െ 1ሻܵଶ  ڮ ൫݊ െ 1൯ ܵሿ  
This pooled estimate is used in the position of covariance 

matrix in the discrimination score. We have already got the 
pooled estimator earlier. This way the two discrimination 
scores we can have: 
 መ݀ଵሺܺሻ =(13.8591,4.3244, 2.2361, 6.3099, 1.8934, 7.0923, 
8.1818, 4.5092)X – 79.075 
 መ݀ଶሺܺሻ= (13.9384, 4.3331, 2.3579, 6.1030, 1.6799, 7.3594, 
8.0706, 4.6225)X – 79.498 
 

Here X = random vector consisting of the random 
variables which represent the scaling values of the reasons in 
an individual case. 

Assume some particular cases containing the scale values 
of 1 to 4 scale given by four respondents are 
 
Case1:  A=4, B=1, C=2, D=2, E=2, F=3, G=4, H=1 (as per 
Fig. 2) opined YES   
Case2:  A=4, B=3, C=2, D=2, E=1, F=4, G=4, H=2 (as per 
Fig.2) opined YES  
Case3:  A=3, B=4, C=3, D=2, E=1, F=2, G=4, H=1 (as per 
Fig.2) opined NO  
Case4:  A=4, B=1, C=1, D=4, E=1, F=4, G=2, H=3 (as per 
Fig.2) opined NO  
 

Then the authenticity of their opinions [YES/NO] is to be 
checked. Taking these as individual cases as 
 
Case1: X=[4 1 2 2 2 3 4 1]T 
Case2: X=[4 3 2 2 1 4 4 2]T 
Case3: X=[3 4 3 2 1 2 4 1]T  
Case4: X=[4 1 1 4 1 4 2 3]T 

 
The respective Fisher’s linear discriminant scores for 

group 1(~YES) and group 2(~NO): 
 
For Case1: መ݀ଵሺܺሻ  =60.0776 and መ݀ଶሺܺሻ  =59.8534, here መ݀ଵሺܺሻ> መ݀ଶሺܺሻ and opined YES so, respondent is classified 
that is it is predicted that the respondent will go for higher 
education. [YES  YES] 
 
For Case2: መ݀ଵሺܺሻ  =78.4348 and መ݀ଶሺܺሻ  =78.8216, here መ݀ଵሺܺሻ <  መ݀ଶሺܺሻ  and opined YES so, respondent is 
misclassified that is it is be predicted that the respondent will 
not go for higher education.[YES  NO] 
 
For Case3: መ݀ଵሺܺሻ  =52.4424 and መ݀ଶሺܺሻ  =52.2329, here መ݀ଵሺܺሻ> መ݀ଶሺܺሻ and opined NO so, respondent is misclassified 

that is it is predicted that the respondent will go for higher 
education. [NO  YES] 
 
For Case4: መ݀ଵሺܺሻ  =68.3153 and መ݀ଶሺܺሻ  =68.4848, here መ݀ଵሺܺሻ< መ݀ଶሺܺሻ and opined NO so, respondent is classified 
that is it is predicted that the respondent will not go for higher 
education. [NO  NO] 
 

Out of 300 respondents 163 number of respondents opined 
YES and 137 respondents opined NO initially. Proceeding 
the methods used in the afore explained cases the 
classification result as matrix form is: 
 
                Predicted memberships 
                                       YES    NO 
Actual Membership         YES       125 38NO          86 51   
 

So here 58.67% cases are correctly classified among which 
71.02% respondents are willing (YES  YES) for higher 
studies. 

After proposing e-learning to the respondents out of 300 
respondents, 229 respondents opined YES and 71 
respondents opined NO. Proceeding the methods used in the 
previous cases the classification result as matrix form is: 
cases the classification result as matrix form is: 
 
                 Predicted memberships 
                                   YES    NO 
Actual Membership         YES       225 4NO          68 3   
 

So here 76% cases are correctly classified among which 
98.68% respondents are willing (YES  YES) for higher 
studies.  

On the basis of uniform classification, the willing 
respondents for higher studies in traditional system of higher 
education are 41.66% whereas the willing respondents for 
higher education through e-learning are 75%.  So the gain in 
terms of higher education enrollments through e-learning 
based on Fisher’s linear discriminant analysis is 33.34% i.e. 
these 33.34% respondents, opined NO previously for higher 
studies through traditional system, opined YES for e-learning 
based higher education. 

IV. CONCLUSION 
E-learning has already shaped a revolutionary benchmark 

in higher education round the globe. Through e-learning, an 
approach can be undertaken to boost the enrollments in 
higher education in West Bengal. From the whole respondent 
sample, the willing or unwilling respondents are skillfully 
classified that these percentage of respondents will opt higher 
studies and these will not in both conventional way of higher 
education and also higher education through e-learning. After 
the classification it is seen that there is radical gain in the 
responses when they are suggested higher education through 
e-learning i.e. a major percentage of respondents voted their 
willingness to higher education through e-learning in West 
Bengal. It can be concluded that higher education system in 
West Bengal should be amalgamated with e-learning so that 
the said gain in enrollments in higher education can be 
visualized in reality. 
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