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ABSTRACT 

In this paper, a new test statistic for testing exponentiality 

against used better than aged in increasing concave ordering 

UBAC(2) is constructed based on total time on test (TTT)-

Transform. Critical values are tabulated for sample size n = 

10(5)100. The power of the test is estimated for some 

commonly used distributions in reliability. Finally, medical 

applications for real data are proposed to illustrate the 

theoretical results. 
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1. INTRODUCTION 
Nonparametric test for testing exponentiality versus some 

classes of life distributions has received a good deal of 

attention. For testing against UBAC(2), we refer to IFR, 

DMRL, UBA, UBAE, DVRL see Bryson and Siddiqui [1], 

Barlow and Proschan [2], Abu-Yossef [3] and Ahmad [4]. 

The scaled TTT-transform and the TTT-plot were introduced 

by Barlow and Campo [5]. These concepts have proved to be 

very useful in the statistical analysis of life data. 

Applications, properties and interpretations of the TTT-

transform order in the statistical theory of reliability and 

economic can be found in Klefsjo[6,7,8] Bergman and Klefsjo 

[9], Pham and Turkkan [10], Bartoszewicz [11], Bartoszewicz 

[12], Haupt and Schabe [13], Kochar et al. [14], Li and Zou 

[15], Ahmed et al. [16], Li and Shaked [17], Al-Nachawati 

[18], Nanda and Shaked [19], Abu-Youssef et al [20], M. M. 

Mohie El-Din et al [21].  

Let   denote the life time of a specific item with distribution 

function             , survival function        . 

and has finite mean   and variance    

Definition(1.1): The distribution function   is said to be 

UBAC(2) if  

  
 

 
          

 

   
                      (1.1) 

 which can be written as :  

                          (1.2) 

 See Ali [22].  

Our proposed class UBAC(2) includes many classes of life 

distributions. Willmot and Cai [23] showed that the UBA 

(used better than aged) class includes the DMRL (decreasing 

mean residual life) class. While Di Crescenzo [24] has shown 

that UBAE (used better than aged in expectation) class is 

contained in the HUBAE (harmonic used better than aged in 

expectation) class. And from Mohi el Din et al [25]. So we 

have:- 

                

Thus we have 

IFR                     

  

           

For definition and properties of these classes, you can see 

Deshpande et al. [26] and Deshpande and Purohit [27].  

The main theme of this paper is dealing with the problem of 

testing      is exponential against      is UBAC(2) and 

isn’t exponential based on TTT Transform.  

In sec (2), the concept of total time on test transform is given. 

In sec (3), we derive the empirical test statistic for the UBAC 

(2) class of life distribution based on TTT-transform. The 

critical values via monte carlo method and the power of the 

test are tabulated in sec (4). Finally, applications using real 

data are also presented in sec (5).  

2. THE CONCEPT OF TORAL TIME ON 

TEST TRANSFORM (TTT-

TRANSFORM) 
We present the following definitions of Barlow and Campo 

[5].  

Definition (2.1): The total time on test transform (TTT- 

Transform) of F is defined as  

  
        

      

 
        (2.1) 

where                      and      .  

This transform was first studied by Barlow and Doksum [28] 

and Barlow et al [29]. Since the mean of   is given by 

    
        

      

 
       , 

then the transform  

      
 

 
  

      

 
              (2.2) 

is scale invariant and is named the scaled TTT-transform. The 

scaled TTT-transform and an empirical counterpart, named 

the TTT-plot, were presented by Barlow and Campo [5] as a 

tool for identification of failure distribution models. Scaled 

TTT-transforms for some families of life distributions are 

given by Barlow and Campo [5], Barlow [30], Bergman and 

Klefsjo [9], here we present the following theorem to find the 

scaled TTT-transforms for UBAC(2) class of life 
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distributions.  

Definition (2.2): The function  

      
  

     

  
     

 (2.3) 

is called the scaled TTT-transform. if   is the exponential 

distribution then TTT-transform is given by 

      
  

      

 
     

  
      

 
     

          (2.4) 

Theorem 2.1. Let   and       be a distribution function and 

scaled TTT-transform, then   is UBAC(2) if 

 

 
  

               

 

               

 
 

 
                    (2.5) 

Proof: Since   is UBAC(2), then  

                          (2.6) 

  
 

 
          

 

   
                      (2.7) 

  
   

 
          

 

 
                      (2.8) 

Let          ,          ,            

Then we can write (2.8) as  

  
               

 

          
       

 

        

                     (2.9) 

After dividing (2.9) by  , hence the theorem is proved. 

3. TEST STATISTIC BASED ON THE 

SCALED TTT- TRANSFORM 
In this section we present a test statistic using the scaled TTT-

transform for testing      is exponential against      is 

UBAC(2) and isn’t exponential is studied for a random 

sample                 from a population with distribution 

function  .  

We proposed the following measure of departure  

   
 

 

 
  

               

 

        

        
 

 
                    (3.1) 

Note that under       
  , while under      

  . 

Let               be the ordered statistics of the 

independent random sample           and   be the sample 

mean where       . Then the empirical distribution of the 

distribution function   is             
 

 
           

        ,      the survival function is estimated by       
       ,   

      the TTT- transform is estimated by 

   

      
  

 
, where      

 
     ,                 

        "the normalized sample spacing" and       the scaled 

TTT- transform is estimated by    
    

  

  
. Hence, the 

estimate of    
 is proposed by  

    
 

 

   
  

 

   

                    

 
 

   
  

 

   

                    

 
 

  
   

   

 
             

where                         and               are 

the ordered statistics of the independent random sample 

         . 

Note that L = i+j if       but L = n if       

To reduce the size of the test statistic we use:  

   
  

 
    

  
 (3.2) 

4. MONTE CARLO NULL 

DISTRIBUTION CRITICAL POINTS 
We calculate, via Monte Carlo method, the empirical critical 

points of      
 in Eq. (3.2) for samples 10(5)100.  

Tables (4.1) gives the lower and the upper percentile points 

for 1%, 5%, 10%, 90%, 95%, 99%   he calculations are based 

on 10000 simulated samples of sizes n = 10(5)100. 

Table (4.1) Critical Values of    
  

 

                        

10                                                      

15                                                      

20                                                       

25                                                    

30                                                           

35                                                          

40                                                             

45                                                           

50                                                           

55                                                             

60                                                             

65                                                            

70                                                             

75                                                            
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80                                                              

85                                                                

90                                                                

95                                                               

100                                                                

 

It is shown from the table that the values of the percentiles 

decreases when the sample size increases.   

Finally, the power of the test statistics     
 is considered for 

95% percentiles in Table (4.2) for three of the most 

commonly used alternatives [see Hollander and Proschan 

[31]], they are 

                             
   

          

                                       

                     
         

These distributions are reduced to exponential distribution for 

appropriate values of   

Power estimates increase when the parameter   is far from 

exponentiality and when the size of the sample n increases. 

5. APPLYING THE TEST 
Example 1 

Consider real data representing 40 patients suffering from  

blood cancer.We use the data as given in Abu-Youssef 

[32].The ordered life times (in day)are: 

115, 181, 255, 418, 441, 461, 516, 739, 743, 789, 807, 865, 

924, 983, 1024, 1062, 1063, 1169, 1191, 1222, 1222, 1251, 

1277, 1290, 1357, 1369, 1408, 1455, 1478, 1549, 1578, 1578, 

1599, 1603, 1604, 1696, 1735, 1799, 1815, 1852.  Using 

equation (3.2), the value of test statistics, based on the above 

data is     
          . the critical value at        is 

          This value leads to the rejection of    at 

thesignificance level       . Therefore the data has 

UBAC(2) Property.  

Example 2 

                                  
 

Distribution   
Sample Size 

               

   Linear failure 

rate 

2 0.99974 1 1 

3 0.99896 1 1 

4 0.99702 1 1 

   Makham 

2 0.99978 1 1 

3 0.99942 1 1 

4 0.99846 1 1 

   Weibull 

2 1 1 1 

3 1 1 1 

4 1 1 1 

 

In an experiment at Florida state university to study the effect 

of methyl mercury poisoning on the life lengths of fish 

goldfish were subjected to various dosages of methyl mercury 

(Kochar [33]). At one dosage level the ordered times to death 

in week are: 

6, 6.143, 7.286, 8.714, 9.429, 9.857, 10.143, 11.571, 11.714, 

11.714 

The value of test statistics, based on the above data is 

    
          . the critical value at        is        . 

Then    at the significance level        is rejected. 

Therefore the data has UBAC(2) Property. 

Example 3 

The following data represent 39 liver cancers patients taken 

from El Minia Cancer Center Ministry of Health Egypt Attia 

et al [34]. The ordered life times (in days) are:  

107 , 18 , 74 , 20 , 23 , 20 , 23 , 24 , 52 , 105 , 60 , 31 , 75 , 

107 , 71 , 107 , 14 , 49 , 10 , 15 , 30 , 26 , 14 , 87 , 51 , 17 , 

116 , 67 , 20 , 14 , 40 , 14 , 30 , 96 , 20 , 20 , 61 , 150 , 14  

 The value of test statistics, based on the above data is 

    
          . the critical value at        

is         , then we reject    at the significance level 

      .Therefore the data has UBAC(2) Property. 

6. CONCLUSION 
In this paper, Testing exponentiality versus used better than 

aged in increasing concave ordering UBAC(2) based on total 

time on test (TTT)-Transform is proposed. The percentiles of 

proposed test are tabulated in table (4.1), which clearly show 

the critical values of the estimate of departure from measure is 

decreasing as the sample size increasing. This test is more 

efficient than the test for (UBAC). It gives a very good power 

for most alternatives. 
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