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ABSTRACT
The research is aimed at applying discriminant analysis in developing a model for the prediction of the final year
graduating class of degree and also to determine the influence of hundred and two hundred levels student’s results
on the final graduating class of degree in the Department of Mathematical Sciences, Federal University of
Technology, Akure, Ondo State, Nigeria. Data were collected by taking a random sample of 150 academic records
of alumni students and categorized into three groups as historical data in the department of Mathematical Sciences.
Fisher’s discriminant analysis were used to analyze the collected data that resulted in two eigenvalues
(
) and corresponding eigenvectors. The first discriminant function associated with
coefficients ( ) revealed positive contribution for the variables: first semester result, hundred level ( =
),
two hundred level ( = 0.612), second semester result, hundred level ( = 0.417) and two hundred level ( = 0.578).
The second function which is not significant revealed a negative contribution for the variables. This revealed that
these variables highly contribute to the final class of graduation. The models obtained were able to classify different
groups in the historical data up to 97.33% (hit ratio). The function was a valid tool for classifying students of
unknown group.
Key words: Multivariate normality test, Discriminant Analysis, Wilks’ Lambda test, Classification matrix, Press Q
Statistic.

decision rule of maximizing the between-group
variance, relative to within-group variance. The
two techniques commonly used in discriminant
analysis are descriptive discriminant analysis
(DDA) and predictive discriminant analysis
(PDA). Stevens (1996) described the difference
between descriptive discriminant analysis and

INTRODUCTION
Discriminant Analysis
Discriminant
Analysis
is
computationally
equivalent to regression analysis. It involves
deriving linear combinations of two or more
independent variables that will discriminate best
between prior defined groups, subject to the
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predictive discriminant analysis. Descriptive
discriminant analysis tends to focus more on the
separation among different groups, while
Predictive discriminant analysis focuses more on
the classification of group members into their
respective groups. Different techniques are applied
in both analysis (Huberty and Barton (1989).
Research has shown that predictive discriminant
analysis performs quite well with categorical data
(Gilbert, 1968; Moore, 1973) than regression
analysis. Discrimination procedures based on
normal populations predominate in statistical
practice because of their simplicity and reasonably
high efficiency across a wide variety of population
models (Johnson and Wichem; 1992).
The number of dependent variable groups
(categories) can be two or more, but these groups
must be mutually exclusive and exhaustive. Hair et
al (2007) considered a case where three or more
categories are created and the possibility that
arises when examining only the extreme groups in
a two-group discriminant analysis. This procedure
is called the polar-extremes approach. This
involves comparing only the extreme two groups
and excluding the middle group from the
discriminant analysis. Independent variables are
usually selected in two ways: either from previous
research or from intuition – selecting variables for
which no previous research or theory exists but
that might logically be related to predicting the
groups for the dependent variable. Discriminant
analysis is quite sensitive to the ratio of sample
size to the number of predictor variables. Hair et
al (2007) also suggested a ratio of 20 observations
for each predictor variable, although this will often
be unachievable. At a minimum, though the
smallest group size must exceed the number of
independent variables. Many times the sample is
divided into two subsamples, one used for
estimation of the discriminant function (the
analysis sample) and another for validation
purposes (the holdout sample). This method of
validating the function is referred to as the splitsample or cross-validation approach. No definite

guidelines have been established for dividing the
sample into analysis and holdout groups. The most
popular procedure is to divide the total group so
that one-half of the respondents are placed in the
analysis sample and the other half are placed in the
holdout sample. Some researchers prefer a 60-40
or a 75-25 split however if the sample size isn’t
large enough to split in this way (if n < 100) then
one compromise would be to develop the function
on the entire sample and then use the function to
classify the same group used to develop the
function. This gives an inflated idea of the
predictive accuracy of the function. The challenge
of designing an education model of any kind in
higher education has been of great interest to many
researchers over the years. Usoro (2006) carried
out a study to classify students into various
departments on National diploma, based on their
cumulative results obtained from year Foundation
programme otherwise known as Pre-National
Diploma (Pre-ND) in Polytechnic system. Charles
and June (1970) carried out a study to determine if
a differentiation or separation among students
graduating, withdrawn or failing could be
identified. Erimafa et al (2009) applied
discriminant analysis in predicting the class of
degree of students. Julianti et al (2012) performed
a research to ascertain which course determines
students’ final graduating result. Adebayo and
Jolayemi (1998) applied the T statistics to
investigate how predictable final year result would
be, using the first year result or grade point
average (GPA) of some selected university
graduates. Thomas and Paschal (2013) performed
a comparison of the performance of students in
pre-degree
and
University
matriculation
examination (UME) classes in a University
system. Gary et al (2004) predicted MBA noshows and graduation success with discriminant
analysis, the paper uses discriminate analysis to
examine five years of MBA admission records in
order to separate no-shows from the successful
program graduates. In this study our major task is
to identify students who might be at risk of not
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graduating or graduating with different classes of
degree. Concerning this research the groups under
study are three namely: Group one, Group two and
Group three. The Group one were a group of
Students that graduated with either ‘First Class’ or
‘Second Class Upper Division’. The Group two
was the Group of Students that graduated with
‘Second Class Lower Division’ or ‘Third Classes.
The Group Three’ were the Group of Students not
graduating or graduated with ‘Pass’. Identification
of those courses that are Grade Point Average
(GPA) booster by student might tend to change the
class of degree of a student. This is a course that
the understanding of its concept has a booster
effect on sectional Grade Point Average (GPA).
This student identification task, performed by the
discriminant analysis seems more appropriate than
commonly used educational measures such as
correlation and regression weights because the
variable being predicted is categorical. Research
has shown that predictive discriminant analysis
perform quite well with categorical data. Fisher
linear discriminant analysis (otherwise known as
discriminant analysis), will discriminate between
groups better than any other linear function (Fisher
1936). And also violation of the assumptions
underlying regression modeling can attract serious
repercussions.
The objective of this research is to use students’
Grade Point Average (GPA) (First and Second
Year GPA) to design a discriminant analysis
model for predicting the final classes of degree of
students in Mathematical Science Department,
Federal University of Technology, Akure, Ondo
State, Nigeria.
METHODOLOGY
The data for this study were from academic
records of
First year and Second year
(independent variables) of alumni students and
their corresponding final classes of degree
(categorical variable) in the Department of
Mathematical Sciences, Federal University of
Technology, Akure, Ondo State from 2005 to
2007 academic session .

The historical data were collected for three groups
(categories), namely Group 1, Group 2, and
Group3. The collected data are grade point
average (GPA) of each student (both First and
Second Semester first year and second year). The
number of students in group is the sample size
for that group.
Represent First Year Grade Point Average
(GPA) for First Semester.
Represent First Year Grade Point Average
(GPA) for Second Semester.
Represent Second Year Grade Point Average
(GPA) for First semester.
Represent hundred level Grade Point Average
(GPA) for First semester.
Represent the mean of Group 1,
Group 2 and Group 3 respectively and
be the
grand mean of the entire Group.
Represent the mean of Group i and Variable
j
Total samples taken from each group is
Fisher discriminant analysis
Fisher discriminant analysis make use of the
between (B) and within (W) sum of squares in
accomplish its aim.

Also an estimate of
within group matrix

Let

is based on the sample

an

eigenvalue

(characteristic root) of
Where is identity matrix? Equation (3) is called
the characteristic equation.
Let
(c
haracteristic vector) that satisfies
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The first discriminant function is obtained by
forming a linear combination of
that is
The second variate/function is also formed by
which is equal to

Where S1, S2 and S3 are variance covariance
matrix of group1, group2 and group3 respectively

Where P is the number of independent variables
measured in each group/population.
The number of positive eigenvalue is
, where g is the number of
groups and p is the number of independent
variables.
DATA ANALYSIS
Test for normality
Using the Mahalanobis test of multivariate
normality, first is to obtain the Mahalanobis
distance (MD) for each students.
Total sample for group1, group2 and group 3 are
equal. That is

Where

is the

element (student) on the

group.
Since each of the data are univariate normally
distributed and none of the students’ squared
Mahalanobis
distance
is
the
we can say that data
set is multivariate normally distributed.
Sum of squares
The total sum of square = the between sum of
square + the within sum of square
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Multivariate analysis of variance shows that there
was significant difference among the three groups.
This difference will improve the classification
ability of discriminant analysis.
Discriminant analysis
The MANOVA test shows that the groups were
significantly different from each other. Therefore
discriminant analysis could be used to separate the
groups. Let W-1 be the inverse of within sums of
square

The
2.

number

of

eigenvalue/vector

to

be

obtained

is

Min

(p,

g-1)

=

Min

(4,2)

=

The largest eigenvalue is
Using the Scaled Power Method to obtain the eigenvector and the corresponding eigenvalue of R. we
have below:
The corresponding eigenvector and eigenvalue are:

Therefore the discriminant functions

are given as:

117

A. H. Bello et al., FUTA J. Res. Sci., Vol. 13 (1) 2017: 113-121

is not significant; this means that the second model
alone cannot predict future classes of degree of
students.

Test of significance
Testing the significance of the model is important
to the interpretation of the experiment. The
hypothesis is to be tested on both models, to
ascertain the predictive ability of each model.

Functions at group centroid
This is the mean of the discriminant scores of both
functions in a group.
With the centroid classification can be done for all
students whose results served as the historical data
for this research.

Wilks’ Lambda test
Using the Wilks’ lambda to test for the
significance of the models.

The test statistic is:
Follows
square) distribution with
freedom.
For the first model,
Null hypothesis

Table 1: Group Centroid
FUNCTIONS

(chi

GROUP

degrees of

1

Alternative hypothesis

2
3

Since

is greater than

, we have the

3.573967

3.575192

We classify by first determining the difference
between each discriminant scores and the group
centroids. A student is predicted to be in the th
group if the distance between its discriminant

statistical reason to reject
conclude that
the model prediction is more than chance. This
model alone can be used for prediction of future
occurrence or classification. But the second model
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score and the th group centroid is the minimum
among other groups.
A student having a discriminant score Z, is
predicted to be in group k if:

The result does not exceed classification by chance
at α = 0.05 level of significance.

Where k is the group and
is the minimum.
Therefore student is predicted to belong to group
k. On applying this principle called the distance
method, we were able to classify our historical
data.

Since

RESULTS AND DISCUSSION
The Mahalanobis distance showed that the data
does not contain any outlier and it was
multivariate normally distributed. Multivariate
Analysis of Variance showed that there was a
significant difference between each group at 5%
level of significance and that there was
homogeneity within each group and each group
was sufficiently different from one another.
Two eigenvalue
and
corresponding eigenvector were obtained using the
scaled power method. The vector was used to form
two Fisher’s discriminating functions;

Total

123
1

Original
Group

Count

2
3
1

%

48

2

0

1 49 0
0 1 49
96

50
50
50

4

0

100

2

2 98

0

100

3

0

2 98

100

we have the

statistical reason to reject
and conclude that the
classification result is more than just chance.

Table 2: Classification matrix
Predicted Group
Member

is greater than

The number of students correctly classified in the
historical data is the diagonal elements on the
classification matrix above.
Therefore
the
Hit
ratio

Wilk’s lambda tests were used to test the
significance of these models, which rendered
function not significant. The significant function
was used to classify the historical data that gave
a hit ratio of 97.33%.
The models obtained above have a predictive
ability of about 97.3% at 95% confidence level.
The result of this analysis showed that, with the
first year and second year grade point averages
(GPA) of a student from the Department of
Mathematical Sciences can be used in determining
graduating class of degree of that student. The
model also inform the student the distance of
his/her discriminant score from a desire class of
that student, which inform the student the effort
needed to either remain in a particular class or to
belong in other classes of degree. This model can

The
percentage
correctly
classified
is
Press Q statistics
This simple measure compares the number of
correct classifications with the total sample size
and the number of groups. The calculated value is
compared with a critical value from the ChiSquare distribution with 1 degree of freedom.

The result exceed classification by accuracy
by chance
Vs.
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be used by the student advisers to counsel students
of this department. This study also showed how
statistical models, with every assumptions satisfied
can be used for predictions with a minimal risk.
The result obtained also confirms the conclusion
made by Erimafa et al (2009) about the high
predictive ability of discriminant analysis when all
assumptions are satisfied.
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