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Abstract. Present work is dealt with the technique; how Mahalanobis Distance can be applied to analyze 

achievement related issues. The problem addressing the group achievement in mathematics, Physical 

Science and Life Science for two groups of students viz. seventh grade and eighth grade for three types of 

schools. Mahalanobis Distance is considered to test the dynamical nature of achievement of two groups of 

learner in three subjects. It is found that for most of the cases distances a

nature of the achievement for the group of subjects between different set of students differs significantly.     
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1. Introduction 

In Mahalanobis Distance a measure of divergence or distance between groups in terms of multiple characteristics is 

used. Mahalanobis proposed this measure in 1936 (Mahalanobis, 1936) i

likeness. It has played a fundamental and important role in statistics and data analysis with multiple measurements. 

For last few decades Mahalanobis Distance playing a vital role in differentiating characteristics in

anthropology, clustering, classification, image processing, Neurocomputing, physics,  Precision Medicine etc.  

Following works such as Xiang et al. (2008), Bedrick et al. (2000), Cochran and Rubin (1973), Rubin (1976, 1979, 

1980), Mclachlan (1999), Rosenbaum (2015), Diedrichsen, Provost and Zareamoghaddam (2016),  Cristani and 

Murino (2018), Toma (2019), Imani (2019) and Etherington (2019) are some evidence from such fields. 

But in the field of education no sufficient documents are fo

be used as a strong measure in terms of a single dimensionless number for comparing several set of data taken 

together as a unit.    

 

Ahmed et al (2020) used Mahalanobis Distance to address the nature o

of higher secondary level students. Most of the cases they found significant difference between achievements in 

different grades for two group of students.    Present work is based on the work of Sen and Kar (201

is dealt with the study of the achievements in Unit Test (Formative) and Annual Examination (Summative) for 

seventh and eighth grade students for three different type of schools viz. Boys, Girls and Co

subdivision of Purba Bardhaman, West Bengal, India. Some statistical measures like coefficient of correlation and t

test are used by them to analysis the data.  

 

Present work is an attempt to study the difference in dynamical nature of the achievement in three subjects, 

Mathematics, Physical Science and Life Science taken together as a bunch of achievement terms of Mahalanobis 

Distance.  
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Objectives of the Study  
 

Firstly, our objective is to apply MD to find out the difference in achievement for two groups where each group 

contains several set of data (here scores in mathematics, physical science and life science).  

Secondly, another objective of this study is to find out the difference in achievement in mathematics and Science 

subjects for different learners in different grades and different type of schools i.e. boys, girls and co-educational.  

Mahalanobis Distances are considered for more generalized reflection of difference of their results. The Distance is 

used to measure the distance between dynamical nature of wholistic achievement between groups.      

 

Methodology 

 
Step I 

Two sets of data for three schools are prepared for calculating the distance.  

A. For first set of data, learners of seventh grade are considered. Here, scores in three different subjects i.e. 

mathematics, physical science and life science are considered for formative and summative tests.  

B. Similar data sets for eighth grade are also prepared.    

Step II 

Mean, Covariance etc. are calculated for achievement of each subject for different groups because those are required 

for Mahalanobis Distance.    

Step III 

Mahalanobis Distance is calculated by the following formula: 

 

 

 

Where   X and Y   are column vectors of means and Σ is pooled covariance matrix of two groups of data.  

Mahalanobis Distance 
1

1 2( ) ( )T
X Y X Y

− = − Σ −   
Pooled Covariance Matrix ∑ can be defined as 

[ ]1 1 2 2( 1) ( 1) /n n N∑ = − ∑ + − ∑  

Where 1∑  and 2∑  be the Covariance Matrices, 1n  and 2n  be the sample size for first 

             and second group respectively and 1 2 2N n n= + − . 

As the covariances and pooled covariances are used to calculate Mahalanobis Distance (MD), it is more effective 

and also valid measure to compare two groups of data. The distance is represented by a single dimensionless 

number.  

Step IV 

It may be assumed from the distribution that;  

1. If 0 < MD <1, distance is insignificant. It may be concluded that there is no significant difference between 

the dynamical natures of the groups. Here group means a set of data for different subjects.   

2. If 1 ≤ MD < 2, distance is significant. It represents that there is a significant difference between the 

dynamical natures of the groups.  

3. MD ≥ 2: represents the distances are strongly significant. This result shows that there is a very strong 

difference between the dynamical natures of the groups.          
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Results and Discussions:   
 

School  Class  Subject Mean  

Formative  

Mean  

Summative  

Number of 

students  

Co-

Educational 

School  

VII Mathematics  49.58 39.46 121 

Physical Sc. 43.89 29.58 121 

Life Sc. 43.61 36.77 121 

VIII Mathematics  42.6 26.79 101 

Physical Sc. 50.2 31.84 101 

Life Sc. 45.93 31.1 101 

Boys’ 

School  

VII Mathematics  31.53 17.82 138 

Physical Sc. 30.18 23.75 138 

Life Sc. 50.72 40.23 138 

VIII Mathematics  46.13 27.63 105 

Physical Sc. 45.95 35.96 105 

Life Sc. 50.93 38.94 105 

Girls 

School  

VII Mathematics  36.63 29.17 226 

Physical Sc. 44.99 39.0 226 

Life Sc. 41.54 28.84 226 

VIII Mathematics  35.63 16.33 224 

Physical Sc. 42.27 29.34 224 

Life Sc. 35.81 30.42 224 

Table.1.  Descriptive Statistics for the group of students in different schools.  

 

 Our aim is to study the dynamic nature of the group of subjects (here Mathematics, Physical Science and Life 

Science) as a unit or a branch of achievement. Here t-test or equivalent test cannot be used. Let us construct some 

groups; 

Group No  Class  School type  Formative 

scores   

Summative 

scores  

Subject 

columns  

I VII Coeducational  Yes  No  3 

II VII Coeducational  No  Yes  3 

III VIII Coeducational  Yes  No  3 

IV VIII Coeducational  No  Yes  3 

V VII Boys  Yes  No  3 

VI VII Boys No  Yes  3 

VII VIII Boys Yes  No  3 

VIII VIII Boys No  Yes  3 

IX VII Girls  Yes  No  3 

X VII Girls No  Yes  3 

XI VIII Girls Yes  No  3 

XII VIII Girls No  Yes  3 

XIII VII Coeducational  Yes  Yes  6 

XIV VIII Coeducational  Yes  Yes  6 

XV VII Boys  Yes  Yes  6 

XVI VIII Boys Yes  Yes  6 

XVII VII Girls Yes  Yes  6 

XVIII VIII Girls Yes  Yes  6 
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Table 2. Different class-wise and subject-wise groups considered by the authors  

 

 

groups G-I G-II G-

III 

G-

IV 

G-

V 

G-

VI 

G-

VII 

G-

VIII 

G-

IX 

G-X G-

XI 

G-

XII 

G-I X 1.32 0.84          

G-II 1.32 X  1.45         

G-III 0.84  X 3.17         

G-IV  1.45 3.17 X         

G-V     X 1.60 2.81      

G-VI     1.60 X  1.73     

G-VII     2.81  X 1.65     

G-

VIII 

     1.73 1.65 X     

G-IX         X 1.12 0.53  

G-X         1.12 X  1.75 

G-XI         0.53  X 2.34 

G-XII          1.75 2.34 X 

 

Table 3: MD for achievement in group of three subjects for class VII and VIII of three different schools.       

 

Our target was to study the behaviour of the achievement for different group of learners who are studying in 

different grades and there is a difference in their achievement. If we consider three subjects as a unit it is more 

effective than subject-wise analysis and in that case MD may be one of the effective measures. Here we get 3X3 

covarience and pooled covariance matrices.  

We can classify the calculated MD into three categories as follows:  

a. MD < 1: represents the distances are insignificant. Only two such cases are found. (vide Table 3.) 

b. 1 ≤ MD < 2:  represents the distances are significant. In six such cases this type of distances are found. (vide 

Table 3.) 

c. MD ≥ 2: represents the distances are strongly significant. In three such cases are found. (vide Table 3.) 

 

When we consider the subjects (here Mathematics, Physical Science and Life Science is considered) as a group and 

calculate the MD between target groups, the distances represent significant difference between the groups. Strongly 

significant difference found between ‘Group III and Group IV’, Group V and Group VII and ‘Group XI and Group 

XII’. This is the opportunity of MD, any number of subjects can be considered as a unit (each unit should have 

equal number of subjects) and one can determine the distance.   

 

When the achievement of formative and summative are considered for a class as a group of achievement (groups 

XIII to XVIII in table 2), we get a 6X6 covariance and pooled covariance matrices. MDs are shown below:  

 

Groups  XIII XIV XV XVI XVII XVIII 

XIII ------ 1.86 3.15   2.29  

XIV  -------  1.47  1.47  

XV   ------ 2.21  3.24   

XVI    ---------  1.53 

XVII     --------- 1.608 

XVIII      -------- 

 

Table 4. MDs for six achievements are taken together as a group for class VII and VIII.   

 

In five such distances are significant and four distances are strongly significant. There is a significance difference in 

achievement when scores for five different tests taken together between class VII and VIII of coeducational and 
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girls’ school. Similar results found for class VIII between (a) coeducational and boys’ schools, (b) coeducational 

and girls’ schools and (c) boys’ and girls’ schools.  

 

On the other hand, four strongly significant differences are found for class VII between (a) co-educational and boys’ 

schools, (b) co-educational and girls’ schools and (c) boys’ and girls’ schools. Also similar result is found for class 

VII and VIII for boys’ school.  

So, MD can be used for evaluating distance between two groups of scores where each group contains several 

numbers of attribute.             

 

Concluding Remarks  

 
The study which is carried out to analyze the difference in achievement of seventh and eighth grade learners of 

different types of schools where MD is considered as a measure of the difference between their performances (here 

achievement is considered) . Salient features are listed below:   

1. When group of subjects are considered, MDs denotes significant differences in dynamic nature of 

achievements in three subject groups.   

2. Comparisons between formative and summative tests are done. There are 2 insignificant, 6 significant and 3 

strongly significant differences found.  

3. When six tests are taken together as a group for each class is considered, 5 significant and 4 strongly 

significant distances are found.          

Therefore, summing all the results where the group of subjects considered together as a unit, MDs are significant for 

most of the cases. Performance in achievement decreases remarkably for summative tests compared to formative 

tests. Also there are significant and strongly significant differences in achievement between different classes of 

same school as well as different school.    

This work shows how MD can be calculated and a use of this distance in terms of achievement is shown. 

Researchers may use the distance to measure the difference between two bunches of responses recorded. This is the 

major advantage of MD.    
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