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CONSTRUCTING CONFIDENCE INTERVALS FOR DIFFERENT TEST PROCEDURES FROM RIGHT FAILURE 

CENSORED NORMAL DATA 
 

V. SRINIVAS 

ASST. PROFESSOR 

LINGAYAS INSTITUTE OF MANAGEMENT & TECHNOLOGY  

VIJAYAWADA 

 

ABSTRACT 
We propose some small sample tests from a failure censored normal sample and compare the relative performances of the tests. The small sample tests 

analogous to one sample student t-test for testing the mean from a failure right censored normal sample. Since censoring greatly complicates the distribution 

theory, the exact sampling distributions of the tests are not tractable mathematically. Therefore, we simulate the sampling distribution the sampling distributions 

for each of the tests using some random samples with different sizes generated from normal. In order to compare the relative performance of the tests, the 

powers of the tests are compared by Monte Carlo simulation. Based on the conclusion of the simulated results, we testable the critical values for only 

recommended tests at the selected levels of significance or various sample sizes. The critical values can be used for testing the null hypothesis as well as for 

constructing (1-α ) confidence interval for the parameter µ based on failured right censored normal sample.  In this article,  presenting  hypothetical example on 

constructing  of confidence intervals for some proposed tests. 

 

KEYWORD 
Censored normal data. 

 

INTRODUCTION 
n case of failure censored normal data the exact sampling distribution of the one sample student t-statistic to test H0: µ = µ0   (σ unknown) is not tractable 

because the individual observations of the censored sample are no longer independently identically distributed (i.i.d) so, the observation are not i.i.d in any 

censored sample, the sampling distributions of the estimations of the parameters are not tractable mathematically. Consequently there is no suitable test 

is available to carry out H0: µ = µ0 from failure right censored normal data. Through there are some tests based on asymptotic theory methods available but their 

performance is not known in samples. 

Hence we propose some small sample tests analogous to one sample student t- statistic to carry out H0: µ = µ0 against various alternative hypotheses from 

failure right censored normal data. We construct the sampling distributions using Monte Carlo simulation. From constructed simulated sampling distribution of 

the tests to be tested the critical values 1%, 5% and 10% level of significance. We obtained some important characters of the simulated sampling distributions of 

the proposed tests.  

Suppose we have generated 10,000 random samples each of size n (10, 15, and 20) from the standard normal population with random number generator called 

RAND NORM using MINITAB package. Each sample is then sorted in the ascending order and censored r = 1,2,…………,4n/10 observations on the right side of the 

sample called failure right censored sample.  Based on this sample the proposed test statistics are computed.  For given ‘n’ and ‘r’, corresponding to each test 

statistic we get 10.000 values because there 10,000 samples.  These values are then sorted in ascending order to give a simulated sampling distribution of the 

corresponding test statistic at specified values of ‘n’ and ‘r’.  .in order to study the behavior of the simulated sampling distributions of the tests.  From the 

simulate sampling distributions of the proposed tests the critical values are constructed at 1%, 5% and 10% levels of significance in left-tail, right-tail and two-tail 

cases .  The critical (percentile) value at α   level of significance may be obtained in left-tail (Right-tail) cases by finding 100000α /100
th

 (10000(1-α )/100
th

 ) 

value from the simulated sampling distribution of the test statistic.   Similarly, the pair of critical values in two-tail case may be obtained by finding the pair or 

points given by 10000(α /2)/100
th

  value and  10000(1-α /2)/100
th

  value on the simulated sampling distribution of the statistic.  With that critical values we 

can construct 1-α  confidence intervals for some specified test statistics censored T (
*T ), TBLUE and TMLE . 

 

METHODS OF SOME PROPOSED TESTS 
1. STUDENT – t APPLIED TO FAILURE RIGHT CENSORED DATA 

Suppose X  and 

2*S are the sample mean and sample variance are obtained from right censored sample, student – t statistic applied to the sample X1, X2, …., 

X n-r is denoted by  

*T and is given by 
*T = 

rn −
( −*x µ0) / 

*S ………………………………(i) 

*X  = 

∑
−

=−

rn

i
iX

rn 1

1

   and 

2*S = 

2

1

)(
1

1
∑

−

=
−

−−

rn

i
i XX

rn
 

It may be noted that the form of the distributing 
*T doesn’t as the observations are not independently identically distributed.                                                                                                                                                                                

 

2. TEST BASED ON BLUEs 

If 

*µ
 and σ* are the BLUEs of µ and σ respectively obtained from the failure right censored sample using the BLUE coefficients in Sarhan and Greenberg (1962), 

then test statistic based on BLUEs. Which is analogous to student t-statistic denoted by TBLUE and is given by A. Dattatrearao V.L.Narasimham in 1989. 

TBLUE = 
rn −

(

*µ
- µ0) / σ*……………………….(ii) 

 

3. TEST BASED ON MLEs 

If    

∧
µ

and 

∧
2σ  are the maximum likelihood estimates (MLES) of µ and 

2σ  computed from  X1, X2, ….. ,X n-r then the statistic, based on MLEs for testing H0:

0µµ =
, denoted by TMLE and is given by  

I
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TMLE =      
rn −

(

∧
µ

- µ0) / 

∧

σ …………………….(iii) 

Here 

∧
µ

and 

∧

σ will be calculated using the method suggested by Cohen (1961) and the method is as follows: 

Suppose that   

2*S  = 

2

1

*
)(

1
∑

−

=
−

−

rn

i
i XX

rn
= (n – r-1) 

2*S /( rn− ), 

h =  n

r

 and 

∧
r  = 

2*S /
(

2*
)rnXX −−

, then  

∧
µ

= (
)

*

rnXX −−
, 

and
(

2*
2 ∧∧

+= λσ S
2*

)rnXX −−
, where 

∧
λ  is an auxiliary function and depends on two variables h and

∧
r .   The values of the auxiliary estimation 

function λ (h, 

∧
r ) for singly censored sample from a normal population are tabulated in Cohen (1961) are reproduced in David (1981, PP.142-143) for h 

=.01(.01).1(.05).9 and 

∧
r =0(.05)1. 

 

USE OF  CRITICAL VALUES 

The critical and percentile values (percentile values for two tail case given in Table.1) can be used for testing H0: µ = µ0  as well as for constructing  1-α  

confidence interval for the parameter µ based on a given  failure right censored normal sample. 

FOR TESTING 

The test statistics can be tested against alternative hypothesis may be one-tail case  

(i.e. H1:µ < µ0 or H1: µ > µ0 )or  two tail case (i.e. H1:µ ≠ µ0).   After calculating the test  statistic value based on the given censored sample using the test 
*T / 

TBLUE/ TMLE  we reject the null hypothesis H0: µ = µ0  (at given level of significance α = 1% or 5% or 10%) against 

H1:µ < µ0 (left-tail)or H1: µ > µ0 (Right-tail) or  i.e. H1:µ ≠ µ0 (two tail case) for a specified values of  n  and  r. 

For construction of 1-α  confidence intervals 

The critical values can be used for constructing 1-α  confidence interval for µ just similar as in testing in the left-tail, right-tail case and two-tail cases.  In 

constructing one side confidence interval, the right limit of the interval is µ0 in the left-tail case while the left limit of the interval is µ0 in the right-tail  case.   

Construction of left-sided 1-α  confidence Interval based on 
*T -statistic 

As we know that in the left-tail case 
*T  is the better test than the remaining tests under study, we given below the left-side confidence interval for µ based on  

*T  under alternative hypothesis is H1:µ < µ0. 

[ X -
*T (α ; n , r) 

*S /
rn −

, µ0] 

where 
*T (α ; n , r) denotes the critical value corresponding to

*T  test at α  l. o. s. for the given ‘n’ and  ‘r’ values. 

Construction of left-sided 1-α  confidence Interval based on TBLUE and TMLE 

As we know  that in the right-tail case TBLUE or TMLE are better tests than the remaining tests under study, we give below the right side confidence intervals for µ 

based on TBLUE or TMLE statistics respectively under alternative hypothesis is H1:µ >µ0. 

[µ0,  

*µ
- TBLUE (

α ; n , r) 

*σ /
rn −

] 

[µ0,  

∧
µ

 - TMLE (
α ; n , r) 

∧
σ /

1−− rn
] 

where  TBLUE (
α ; n , r), TMLE (

α ; n , r)  are the  critical values corresponding  to TBLUE  and TMLE statistics respectively at α  l. o. s. for the given  n  and   r  values. 

Construction of two-sided 1-α  confidence Interval based on TBLUE and TMLE 

We give below  the two-side  confidence intervals  for   µ   based on TBLUE and TMLE 

under alternative  is H1:µ ≠ µ0. 

[

*µ
- BLUE

UT (α ; n , r) 

*σ /
rn −

 ,  

*µ
- BLUE

LT (α ; n , r) 

*σ /
rn −

] 

[

∧
µ

 - MLE
UT  (α ; n , r) 

∧
σ /

1−− rn
 , 

∧
µ

 - MLE
LT  (α ; n , r) 

∧
σ /

1−− rn
] 

Where  BLUE
LT (α ; n , r) [ MLE

UT (α ; n , r)]  and BLUE
UT

 (α ; n , r) 

[ MLE
UT (α ; n , r)] denotes the lower  and upper critical values respectively and can be obtained for  Table.1 corresponding to TBLUE [TMLE] statistic  at α  l. o. 

s. for the given  n  and   r  values. 

EXAMPLE 

The Hypothetical example gives the days on which the first 7 of a sample of 10 generators are defective after being  overhauled.  The times of defects were 41, 

44, 46, 54, 55, 58, 60 days after overhauled.   Assuming lognormal distributions of the survived time (non-defective time) we take the likelihood of µ and σ are 

given by (Schneider, 1986, p.69)  

∧
µ

=1.742 and  

∧
σ =0.07943 
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In this example  as we have neither priori knowledge about population nor the data is a complete sample  (to compare conclusions obtained is censored sample  

with those obtained using  t– test in complete sample).  So this example  is not used for testing and used for the construction of confidence intervals using the 

tests  
*T , TBLUE  and  TMLE .  

Here n = 10 and r = 3 .  Now,  the lower and upper critical values for TMLE from Table 1 at α =0.05 level of significance are  

MLE
LT (α ; n , r)=-3.006, MLE

UT (α ; n , r) = 1.986 

 using the Formula (iii), the 95% confidence interval based on MLET
 is [1.678 ,  1.840] 

Similarly, the BLUEs of µ and σ are   

*µ
= 1.7459 , and 

*σ =0.0915 

The lower and upper critical values from Table 1 for TBLUE at α =0.05 level of significance are  

BLUE
LT (α ; n , r)  -2.006, BLUE

UT (α ; n , r) = 1. 848   

Formula (ii), the 95% confidence interval based on BLUET
 is [1.678 ,  1.840] 

From the above confidence intervals, we may observe that the confidence  intervals based on  BLUET
 is closer  than that based on MLET

, which indicate that 

BLUET
 test is better than MLET

. 

Also, the  95% confidence intervals based on 
*T  is [1.682 , 1.841] and still BLUET

 has closer interval than 
*T .  Hence, BLUET

 is better test than
*T . 

 

CONCLUSIONS 

From the above example, we may conclude that the test based on BLUEs( BLUET
) can be used for testing and constructing confidence intervals for mean (µ) in 

failure right censored samples from normal population in two-tail case. 

Hence, we conclude that theory has been proved that the BLUEs ( BLUET
) perform better than other test procedures. 
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