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         Chapter 4 

 

Findings and Results  

 

Coverage probabilities, and meadian lengths, mean values, and standard 

deviations of all five new confidence intervals were obtained by the Monte-Carlo 

method. For each interval 10,000 random numbers with Binomial and/or Negative 

Binomial distributions were generated with parameters (probabilities of success) 

 The tables presented contain only a part of the results for 

the probability .  The nominal confidence level is chosen to be 0.95. 

9.0,7.0,5.0,3.0,1.0, 21 =pp

12 pp ≥

           For the direct binomial sampling the sample sizes are chosen to be 

 for all intervals, except (6), where . For the inverse 

binomial sampling, in order to obtain a correct comparison of interval's characteristics 

we use sampling stopped at  successes, because in this case 

30,50,100=n 0030,50,70,1=n

2= npm nE =ν . For each 

of fixed values of  and  a table contains the block in which the 

following characteristics are provided (from top to bottom): coverage probabilities, 

median length, mean length, and standard deviation of the length for the confidence 

interval obtained from the formula with the number presented at the bottom of the 

table. 

1,, pmn )( 12 pp ≥

In order to estimate the accuracy of confidence interval characteristics of 

calculations, each table was reproduced 10 times. For all cases and for all 

characteristics, we observed a difference only in the third digit after the decimal point. 

Hence a calculation error should not exceed 0.01. 

 
4.1 Comparative analysis of methods 
 

     We start with analysis of the modeling results (see Table1) for the confidence 

interval (8), which is a modification of the classical interval with only direct sampling. 

After, we compare characteristics of other intervals with this  “classical” case. 

 Assuming that the coverage probability error in comparison with the nominal 

should not exceed 0.025, it is possible to make a certain conclusion about strictly low 

coverage probability for the values  for any values of  and . If  0.2<1p 2p 30, ≤mn 1p
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becomes bigger than 0.2, then for all values of ,  ,and , the coverage probability 

does not differ too much from the nominal level (still lower), and the value of median 

and mean of the interval length is practically the same. This means that the 

distribution of the interval length is symmetrical, nice and pleasant property. The 

smallest value of the coverage probability always corresponds to the equal proportions 

( ). 

2p n m

1=/ 21 pp

                Now it is appropriate to compare the case of only direct binomial sampling 

with the case of only inverse binomial sampling for both experiments (see Table 2). In 

this case the region of appropriate values of proportions is smaller. Except poor 

performing values , the coverage probability is low for  and nearly 

all sample sizes. The behaviour of all characteristics of the confidence interval (9) is 

the same as for the interval (8). That is, we have the following tendency: the coverage 

probability is incresing when the ratio of probabilities increasing. Also, the values of 

median and mean for the length of the interval are not significantly different 

(symmetry of the length distribution),But these characteristics for the confidence 

interval (9) length are somehow better than for the interval (8). 

0.2<1p 0.52 ≤p

                  Confidence interval (6) (see Table 3) where the sample size for the second 

 experiment is defined by the number of successes in the first sample possesses good 

properties according to the coverage probability (close to the nominal level) and 

characteristics of the length very similar to the interval (8), while the coverage 

probabilities are a little bit lower and the “good” region is smaller. If we exclude the 

values , then practical applications (according to the nominal level) may start 

from the size  for the first sample. But even for , the interval is still 

possible to use when for all . 

0.2<1p

50=n 30=n

0.3>1p 2p

    Now we discuss the confidence interval (4) (see Table 4), the 

modification of the ``poor'' interval (3). The shape of the region of acceptable values 

of coverage probabilities is similar to the region for the interval (9), but the region 

itself is much wider. As before, we should exclude the values , but even for 

 the interval works for all . The same is still true for all  

and  or . For sample sizes  and , the 

0.2<1p

230=30,= pmn 0.5>2p n

230pm = 250pm = 100,5030,=n 2100= pm



30 
 

“good” region of the interval (4) applications is increased to the region . 

Probability characteristics of the interval (4) length are practically the same as 

characteristics of interval (8). 

0.1>, 12 pp

Unfortunately, as the results of stochastic modeling show (see Table 5), the 

confidence interval (3) possesses poor asymptotic properties according to the 

correspondence of the coverage probability to the nominal value 0.95 of the 

confidence level. If the size of the first sample is smaller than the average size of the 

second, then coverage probability is smaller than the nominal level. Contrary, if  the 

size of the first sample is larger than the average size of the second, then coverage 

probability seems to be higher than the nominal level. In the last case the mean values, 

medians, and standard deviation of interval (3) length appear to be too large, 

especially for small values of  and .  1p 2p

 
4.2 Comparative analysis with the previously known 
 
 
 We start discussing our result from direct-direct sampling case with previously 

known. The main novel feature of the current work is in considering inverse binomial 

sampling scheme, what, up to our knowledge, was not done before. Next, we would 

like to mention that Koopman (1984) , Bailey(1987) presented only the regions where 

there confidence intervals work ,and do not provide complete information about 

parameter values. Contrary to this, we calculated coverage probabilities and interval 

length characteristics for all possible values of parameters. If we compare the 

coverage probability of our direct-direct confidence interval with the paper of 

Koopman (1984), we found as an example, for 100,5.0,00.1 1 ==== mnpθ  the 

coverage probability by method is 0.94,while we have a better value 0.945.  2χ
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