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Abstract—The proportion of a product defect is usually 

considered to be fixed, so as to control the quality of a product 

defect proportions using p control chart (based Binomial), but 

not necessarily the proportion of a product defect fixed (same), 

but having such distribution Beta distribution, it is often the case 

when in the production process of a product contained in the 

shift operator (no overdispersion). Thus the proportion of this 

product defects Beta Binomial distribution that arises when  i 

=  wrong and  i are assumed to have a beta distribution, 

namely:  i ~ beta (a, b), for a> 0 and b> 0. The purpose of this 

paper is the result of fundamental research goal is to develop 

methods that control charts and process capability analysis 

based Beta Binomial distribution as an alternative to the process 

capability analysis based on the data distribution Binomial 

proportion Bremer star product defects. The results of the Beta 

Binomial control chart Bremer star appears that nothing is out 

of proportion with the control limit UCL = 0.053884 and LCL= 

0.05064, while the individual control chart star chart p-Bremer 

also no defects proportion out with UCL = 0.7393 and LCL = 0 

(less realistic or more in favor of the manufacturer). From the 

results of the control chart design Bremer star Beta Binomial 

appears that hose upper control limit and lower control limit is 

narrower (i.e tighter control chart) than the individual control 

chart of the p-chart, it is very beneficial for consumers.  Based 

on the analysis capabilities Binomial distribution processes have 

defective 5.51 percent with the lower limit 5,49 and upper limit 

5.52. While the value of 55082 PPM defective in one million 

products means there are approximately 55082 non-conforming 

products, with a lower limit of 54 938 and a ceiling of 55227 

products. While the results of the analysis Beta Binomial 

distribution has a defective 5.23 percent with a lower limit of 

5.21 and an upper limit of 5.24. While the value of 52264 PPM 

defective in one million products means there are approximately 

52264 non-conforming products, with a lower limit of 52123 and 

a ceiling of 52405 products. These results indicate that the 

process capability analysis Beta Binomial distribution has a 

smaller value of percent defective with a narrower interval 

compared with the results of the analysis of the ability of the 

binomial distribution, this will benefit the producers and 

consumers (the hose tighter). 

Keywords— Binomial, Beta Binomial Distribution, Control 

Charts, Process Capability Analysis 

I. INTRODUCTION 

The use of the binomial distribution opportunities for 

these individuals would be appropriate if the number of 

binary observations can make the proportion of observations 

become an independent and equal value. But sometimes 

individual binary observations have values different 

proportions in the same individual in the other group. The 

number of events 'success' can only be assumed to have a 

binomial distribution when the binary components are 

independent observations. Lack of freedom between binary 

observations will lead to a greater variety than the variance 

on the binomial distribution. Great Variety is an indication of 

a problem overdispersion in the observations of binary data.  

The emergence of overdispersion problem in binary data 

observations can be explained by two things: the variability 

in response to opportunities and the correlation between the 

response variables. Both of these events are events that 

reciprocal, meaning that if there are variations in the response 

opportunities, then there is a correlation between the response 

variables. If there is a positive correlation between 

observations, then the value of the parameter estimators of 

the distribution does not provide a correlation that may have 

underestimated the raw error. Mc Cullagh and Nelder stated 

that the two events can occur because of grouping 

(clustering) in the population [1]. While Collet  mentions that 

the events that arise due to a number of experimental units 

were observed several times under the same conditions, so it 

will obtain a different response opportunity from one 

experiment to another experiment [2]. 

As a result of problems in the binary data overdispersion 

caused by the variability in the response opportunities as well 

as the correlation between the response variable is the value 

estimator variance of the binomial distribution is used [3]. 

One alternative solution by using the Beta Binomial 

distribution approaches in each group [4].  

On the other hand, in statistical quality control for data 

attributes to assume Binomial used to demonstrate the 

characteristics of quality in accordance with the specification 
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or not in accordance with the specifications. There are two 

groups of statistical quality control charts for attribute data 

that is based on the binomial distribution as p-charts and np-

chart.  

The use of control charts p-charts and np-chart is used to 

determine the proportion of defective products and the 

number of defective products. The proportion of faults 

(defects) in a product is generally not the same even though 

the samples were taken the same (constant), especially the 

samples taken are not constant. During this center line graph 

p-chart using the concept of the average value of proportions, 

whereas Beta Binomial Distribution alternatives can be used 

as an alternative Binomial because more subtle predicted 

values so that consumers and producers of their rights can be 

protected.  

II. METHODS 

Data Source 

The data in this paper is the result of fundamental research 

Fiscal Year 2013/2014 taken from the beverage company PT. 

Multibintang Indonesia Tbk, where the production process 

using three shifts to employees' work time, the data taken in 

the form of measurement data whether or not a product 

defect. Bremer star data used in the form of data Disability 

Save Bremer production per day the period of January 1, 

2008 - 28 April 2008, during the 87 days.  

Data analyses 

The method of analysis used in this paper refers to the 

fundamental research first year (2013) and the second year 

(2014), the steps are arranged as follows:  

1. Examine the proportion of three shifts with proportion 

test.  

2. Specifies the maximum likelihood function Beta 

Binomial distribution to determine the size of the 

concentration and size distribution  

3. Binomial distribution detection of the data samples  

4. Detection Beta distribution to the distribution of the 

proportion of the data.  

5. Determining Structure Distribution Multiplication of two 

distributions, the binomial distribution, and the 

distribution betabinomial.  

6. Designing programs binomial distribution with beta 

binomial distribution by making doodles with WinBugs 

software.  

7. Perform parameter estimation Beta binomial with Markov 

Chain Monte Carlo (MCMC) with iteration.  

8. Pitted two distributions to test the hypothesis of two 

binomial distribution and Beta Binomial distribution with 

Bayes factor criteria.  

9. Designing, analyzing and comparing the graphics 

controller the Beta Binomial and p-Chart for the data 

variable proportion Bremer Star  

10. Designing, analyzing and comparing the Process 

Capability Analysis based Binomial and Beta Binomial 

distribution for a variable proportion of data Bremer Star  

III. RESULTS AND DISCUSSION 

Based on data from the proportion of disability Bremer 

Star on three shifts given value data description in Table 1 as 

follows:  

Table 1. Proportion description / data Disability Bremer Star Products 

Average Total 

Product 

Average 

Total 

On Average 

Disabilities 

Average 

Total 

Shift 1 179375 187309 Shift 1 10532 10317 

Shift 2 214715 Shift 2 12583 

Shift 3 167836 Shift 3 7837 

Based on the proportion of disability in the star test 

Bremer between shifts, shift assay results first and third shift, 

and shift 2 and 3 are very significant shift (no difference), 

while the test results shift 1 and 2 did not shift significantly. 

This shows that the proportion of disability in between shifts 

Bremer star is not the same, for it is necessary to detect the 

distribution of the proportion of the defects in three shifts. 

Detection results on the distribution of the weekly proportion 

shift 1, 2, 3 Easy fit software with results obtained the 

distribution of the selected alternative is the Beta distribution.  

Table 2. Distribution Detection Proportion Bremer Star 

 

The distribution of the selected alternative is the beta 

distribution and the value obtained from the parameter Beta 

distribution [5] as shown in Fig. 1. as big as  

α1 = 3,594     ; α1  adalah parameter bentuk , α1 > 0 

α2 = 3,594     ; α2  adalah parameter bentuk , α2 > 0 
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Fig. 1. Figure detection results Bremer star beta distribution 

Based on data from product defects Stars Bremer, then 

made individual control chart (p-chart) of the binomial 

distribution is given in Fig. 2 as follows [6]:  

 

Fig. 2. Proportion Disability Graphics Controller Bremer Star (BB) 

While based on the Beta parameters obtained, then made 

the Beta Binomial control chart is given in Fig.3. The results 

of the Beta Binomial control chart for Bremer Star disability 

appears that nothing is out of proportion with the control limit 

UCL and LCL = 0.053884 = 0.05064, for Bremer Star, as 

well as when using the Binomial Individual control chart no 

defect proportion coming out with UCL = 0.7393 and LCL = 

0 (less realistic or more in favor of the manufacturer).  

From the results of the control chart design Bremer star 

Beta Binomial appears that hose upper control limit and 

lower control limit is narrower (i.e. tighter control chart) than 

the individual control chart of the p-chart, it is very beneficial 

for consumers.  

 

Fig. 3. Graph Control Beta Binomial Proportion Bremer star Disability 

Table 3. Results of MCMC iterations defect proportion Bremer Star 

node mean sd MC error 2.5% Median 97.5% start sample 

alpha1 120.9 295.3 15.6 0.06439 10.82 998.6 501 99500 

beta1 2919.0 7415.0 384.8 0.3119 234.4 26550 501 99500 

P[1] 0.5003 0.2241 7.38E-4 0.09394 0.5003 0.9073 501 99500 

P[2] 0.4997 0.2241 7.38E-4 0.09274 0.4997 0.9061 501 99500 

 

             The number (g) > 0.5 is obtained from N-iteration       

Bf12 =  

    The number (g) < 0.5 was obtained from N-iteration  

                                                

Table 4. Interpretation Value Bayes Factor in Selection Hypothesis 

Log10(Bf12) Bf12 Evidence reliability H 1 of H 2 on the data 

0 – 0.5 1 – 3.2 Nothing 

0.5 – 1 3.2 – 10 Strong Enough 

1 – 2 10 – 100 Strong 

> 2 > 100 Very Strong 

Log10(Bf12) Bf12 Evidence reliability H 1 of H 2 on the data 
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0 – 0.5 1 – 3.2 Nothing 

0.5 – 1 3.2 – 10 Strong Enough 

1 – 2 10 – 100 Strong 

> 2 > 100 Very Strong 

Tests Binomial distribution proportion Bremer Star 

defects using multiplication structure distribution [7,8]. the 

method of Markov Chain Monte Carlo (MCMC) with 

software tools WinBug using 100,000 iterations times 

obtained results as shown in Table 3 [9,10]. Bayes factors and 

criteria, the value of Bayes factor of 1.001 [11]. 

The results obtained 1,001 Bayes factor in Bremer Star 

variables when compared with the criteria table Bayes factor 

is between 1 to 3.2, it can be said that there is no reliability 

at the or it can be said that the binomial distribution 

is equal to the binomial distribution Beta [12,13]. Thus the 

beta binomial distribution can be used to replace the binomial 

distribution, or in other words the control chart Beta binomial 

proportion Bremer Star defect can be used as an alternative 

to the proportion of defective control chart (p-Chart). Based 

on these results, the next steps are needed to determine 

whether the production process in accordance with the 

specifications set forth by the company using process 

capability analysis based Beta Binomial distribution [14].  

 

Fig. 4. Graph Star Disability Process Capability Analysis Bremer (BB) 

 

Fig. 5. Graph Beta Process Capability Analysis Binomial Proportion Disability Bremer star 
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Based on the results of the Binomial distribution 

process capability analysis (Fig.4) it appears that the 

process capability analysis Binomial distribution has a 

defective 5.51 percent with the lower limit and upper limit 

of 5.49 5.52. While the value of 55082 ppm defective in 

one million product means there are approximately 55082 

non-conforming products, with a lower limit of 54938 and 

a ceiling of 55227 products.  

As for the graphics process capability analysis for the 

Beta Binomial proportion Bremer Star disability are given 

in Fig. 5. The results of the analysis of the ability of the 

Beta Binomial distribution process, it appears that the 

process capability analysis Beta Binomial distribution has 

a defective 5.23 percent with a lower limit of 5.21 and 

upper limit 5.24. While the value of 52264 ppm defective 

in one million product means there are approximately 

52264 non-conforming products, with a lower limit of 

52123 and a ceiling of 52405 products.  

These results indicate that the process capability 

analysis Beta Binomial distribution has a smaller value of 

percent defective with a narrower interval compared with 

the results of the analysis of the ability of the binomial 

distribution, this will benefit the producers and consumers 

(the hose tighter). 

IV. CONCLUSION 

The results of the Beta Binomial control chart Bremer 

star appears that nothing is out of proportion with the 

control limit UCL = 0.053884 and LCL = 0.05064, while 

the individual control chart star chart p-Bremer also no 

defects proportion out with UCL = 0.7393 and LCL = 0 

(less realistic or more in favor of the manufacturer). From 

the results of the control chart design Bremer star Beta 

Binomial appears that hose upper control limit and lower 

control limit is narrower (i.e tighter control chart) than the 

individual control chart of the p-chart, it is very beneficial 

for consumers.  

The results obtained Bayes factor 1.001, compared with 

the criteria table Bayes factor is between 1 to 3.2, it can be 

said that there is no reliability on or it can be said that the 

binomial distribution is equal to the Beta Binomial 

distribution well, thus Beta Binomial distribution can be 

used to replace the Binomial distribution (control chart 

Beta Binomial proportion Bremer Star defect can be used 

as an alternative to the proportion of defective control chart 

p-Chart).  

Based on the analysis capabilities Binomial distribution 

processes have defective 5.51 percent with the lower limit 

of 5.49 and the upper limit of 5.52. While the value of 

55082 ppm defective in one million product means there 

are approximately 55082 non-conforming products, with a 

lower limit of 54938 and a ceiling of 55227 products. While 

the results of the analysis of the ability of the Beta Binomial 

distribution has a defective 5.23 percent with a lower limit 

of 5.21 and a upper limit of 5.24. While the value of 52264 

ppm defective in one million product means there are 

approximately 52264 non-conforming products, with a 

lower limit of 52123 and a ceiling of 52405 products.  

These results indicate that the process capability 

analysis Beta Binomial distribution has a smaller value of 

percent defective with a narrower interval compared with 

the results of the analysis of the ability of the binomial 

distribution. 
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