
Advances in Life Science and Technology                                                                                                 www.iiste.org 

ISSN 2224-7181 (Paper) ISSN 2225-062X (Online) 

Vol.24, 2014 

 

53 

Application of Wilks’ Lambda and Hotelling’s 2T with MANOVA 

on  Drug Addiction and Drug  Abuse Data 
 

C. E. Onwukwe 

Department of Mathematics/Statistics and Comp. Science 

University of Calabar, P.M.B 1115, Calabar, Cross River State, Nigeria 

 

E. N. Ogbonna 

Department of Mathematics/Statistics and Comp. Science 

University of Calabar, P.M.B 1115, Calabar, Cross River State, Nigeria 

 

Abam Ayeni (Correspondence Author) 

Dept.  of Maths/Stats. & Computer Science ,Federal University Lafia,  Nigeria 

E-mail: abamayeni@gmail.com 

 

Abstract 

In this study Wilks’  Lamda and Hotelling’s  
2T were employed as Multivariate Analysis of Variance 

(MANOVA) technique in determining the significance difference in the causative factor for drug addiction and 

abuse. The data were primary and were generated by a survey conducted on some patients selected from Neuro-

Psychiatric Hospital Enugu-Nigeria.  The patients were divided into two groups - those treated of substance  

abuse before and those treated for the first time. 89 patients were selected  and nine factors  for substance abuse 

were considered. They were rated and scored over ten by the patients. The result showed  a significant difference 

in the factors specified for drug abuse. . 

Keywords: Wilks’  Lamda, Hotelling’s 
2T , drugs, substance abuse 

 

1.1 Introduction 

Drug abuse is one of the most disturbing problems in contemporary Africa and World at large. Recent studies in 

Nigeria showed that youths are found to constitute high risk group for substance abuse in our society. Obot 

(1989).  Odejide and Olatawura (1977)  

Drug is defined as  any substance taken into the body which brings about a physiological change or 

modify one or more of the body’s physical or mental function  Allan and Vicky (1993) .  Alcohol is a potent 

substance and number one drug problem among youths. A significant number of deaths from accidents, violent 

crimes, culticism etc have been traced to activities of drugs addicts Adelekan and  Adeniran (1991) and   Ijeoma 

(1997).  

Wilks’ Lamda was used to test the nine factors -  peer group, stress, enhance performance, health, 

unemployment, pride, curiosity, happiness and poverty while Hotelling’s 
2T  was used to test groups – those 

treated of substance  abuse before and those treated for the first time. Wilks’ Lamda compared  within sum of 

squares W and products matrix B to the total sum of squares and products matrix W+B.  Thus   the multivariate 

information in W and B about separation of mean vectors is channeled into a single scale on which we can 

determine if the separation of mean vectors is significant. Alvin (2002).  Wilks’ Lamda statistic was applied to 

test the Near Exact distribution for different   scenarios independent  of two sets of variables  Grilo  (2005). 

 Hotelling’s 
2T   was used to test the difference in mean vectors mm AandA 21  to form to form  D 

matrix which was used  in test statistic. 

 

1.2 Theoretical Section  

In multivariate one way ANOVA, observations are obtained for one independent variable. But in multivariate 

case, P-responses are simultaneously obtained for each subject. Here, interest is centered on differences among 

g- treatments on several measures. This implies a single set of g-groups is studied. The number of variables is 

denoted by P and the number of individuals in each g
th 

group by Ng. In general as one sample from a p-variate 

normal population, X~N( µ, Σ) 
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The variance covariance matrix ∑  for the data is given by  
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The corresponding unbiased estimate are given as  
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We assume that the data are random samples from different populations, independent and the 

populations have common covariance matrix and multivariate normal.  

 

1.3  Multivariate Analysis of Variance (MANOVA) 

The univariate case (1) can be  extended to  multivariate.  

njpieX ijiij ,...,2,1,,...,2,1, ==++= τµ        (1) 

Where 

ijX   is the observation or response of the ith treatment  

µ   is the overall mean 

iτ  
thi   Treatment  

ije   is the error associated with the observation ijX  , ),0(~ 2σNeij  

The model is assumed to be   normal, independent a nd homoscedasticity. The MANOVA table is shown below 

as Table 1. 

Multivariate Analysis of Variance (MANOVA) compares mean vectors of g samples for significant differences. 

It becomes necessary to apply a suitable test statistic to obtain a reliable result. Using table 1: 

Hypothesis 

0:

;

1

910

≠

==

ioneAtH

H ττ L
 

Teast statistic  
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where  

W = ‘within’ sum of squares and products matrix  

B = ‘Between’ sum of squares and products matrix  

B + W = Total sum of squares and products matrix  

 Using table 2:  

Decision Rule: 

( cesignificanoflevelα ) 

 Reject 0H  if  
∗Λ  > F approximation of Wilks’  lamda  at  α  level of significance. 

1.4  Hotellings: −2T Test Criteria  
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where  )(1, 11
α−−+ pnnpF  is the value of F  with degree of freedom of numerator .121 −−+ pnn  

Decision Rule 

Reject 0H   at α  level of significance if 

)(1, 21
α−−+> pnnpFF

 
 

1.5 Application Section  

The data for this paper is basically primary, the population of study is N = 89 addicts. They were chosen from the 

Federal Neuro-Psychiatric Hospital, Enugu, Nigeria. The population was divided into two groups and scored 

over ten–group 1A  of size 431 =N   consist of those treated of substance abuse before while 462 =N    in 

group 2A   are those receiving treatment for the first time.  

The selection of the patients was done on a weekly basis for a period of 4 weeks. Only patients medically 

diagnosed to be on substance abuse or suffering from drug addiction were selected. Each patient was selected 

through his folder (medical records) and subsequently served a questionnaire. The data was collected from male 

ward and Out Patient Department (OPD) of the Hospital. See table 3 and 4. 

 

1.6 MANOVA 

We are going to form three matrices namely - squares and product for  treatment (B), Sum of squares and 

product for error(W) and total sum of squares (B + W) . 

[ ]T

tA 0.1570.1470.1585.1915.1765.1830.1915.1715.1851 =  

[ ]T

tA 5.1890.2050.2070.2380.2240.2770.2320.1905.2352 =  

[ ]T

mA 65.342.367.345.410.427.444.499.331.41 =  

[ ]T

mA 12.546.450.411.587.402.604.513.412.52 =  
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Conclusion: Since  ,04.251.64476 =>= α
tc FF  we reject  0H  and conclude that there is a significant 

difference among the factors that is, the nine factors studied actually affect addicts. . 

1.7  HOTELLING’S  T
2
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Since ,22.200001.1 22 =<= αTTc  we do not reject 0H  and  conclude that there is no significant difference 

in the population means of  groups 1 and  2. That is attraction to drugs does not depend on the group. 

 

1.8 Conclusion 

The study shows that most addicts especially youth have strong appeal to drug abuse. This resulted in most of 

them being hospitalized. Many are unemployed and influenced by peer group. Drugs abuse cuts across 

educational and professional background. The difference in the population mean vectors for the causative factors 

to drug abuse for groups A and B are not the same. Reasons for addiction and abuse are true.  Besides, there is 

no significant difference in the population means for group A and B respectively. It follows that causative factors 

for drug abuse for groups A and B are the same. Government and International Organizations should provide 

adequate funding for drug prevention programme. There should be enlightenment for drug awareness and 

government should provide job opportunities for the teeming unemployed youths. Since 

,22.200001.1 22 =<= αTTc  we do not reject Ho we conclude that there is no significant difference in the 

population means in group A and B. 
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Table 3 Scores for group 1A  

1 2 3 4 5 6 7 8 9 10 

S/N Peer 

Group 

1x  

Stress 

2x  

Enhance 

Performance 

3x  

Health 

4x  

Unemployment 

5x  

People 

6x  

Curiosity 

7x  

Happiness 

8x  

Poverty 

9x  

1 7 4.5 5 3.5 20 5 3 2 4 

2 5 3.5 4 6 3 3.5 2 4 2 

3 3 4 2 4 6 4 6 2 2 

: : : : : : : : : : 

: : : : : : : : : : 

43 6 4 3 5 4 5.5 5 4 4 

tA1  
185.5 171.5 191.0 183.5 176.5 191.5 158.0 147 157 

mA1  
4.31 3.99 4.44 4.27 4.10 4.45 3.67 3.42 3.65 

Source: Enugu Psychiatric Hospital 

 

Table 4 Scores for group 2A   

1 2 3 4 5 6 7 8 9 10 

S/N Peer 

Group 

1x  

Stress 

2x  

Enhance 

Performance 

3x  

Health 

4x  

Unemployment 

5x  

Pride 

6x  

Curiosity 

7x  

Happiness 

8x  

Poverty 

9x  

1 7 6 8 4 3 6 7 4 3 

2 6 5 3 4 5 5 3 9 4 

3 3 5 3 5 7 3 5 4 6 

: : : : : : : : : : 

: : : : : : : : : : 

46 5 4 7 5 6 5 4 3 5 

tA2  
235.5 190.0 232.0 277.0 224.0 235.0 207.0 205.0 189.5 

mA2  
5.12 4.13 5.04 6.02 4.87 5.11 4.5 4.46 4.12 

Source: Enugu Psychiatric Hospital 

∑
=

=====
2

1

21 ,46,43,9,2
i

iNNNNpg  

where 

g – the number of groups 

p – number of factors under study  

1N - sample size for group 1A  

2N - sample size for group 2A   
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