In item such as an increase in taxes, recall of elected officials, or an expansion of public services can be placed on the ballot if a required number of valid signatures are collected on the petition. Unfortunately, many people will sign the petition even though they are not registered to vote in that particular district, or they will sign the petition more than once.

Sara Ferguson, the elections auditor in Venango County, must certify the validity of these signatures after the petition is officially presented. Not surprisingly, her staff is overloaded, so she is considering using statistical methods to validate the pages of 200 signatures, instead of validating each individual signature. At a recent professional meeting, she found that, in some communities in the state, election officials were checking only five signatures on each page and rejecting the entire page if two or more signatures were invalid. Some people are concerned that five may not be enough to make a good decision. They suggest that you should check 10 signatures and reject the page if 3 or more are invalid.

In order to investigate these methods, Sara asks her staff to pull the results from the last election and sample 30 pages. It happens that the staff selected 14 pages from the Avondale district, 9 pages from the Midway district, and 7 pages from the Kingston district. Each page had 200 signatures, and the data below show the number of invalid signatures on each.
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Use the data to evaluate Sara’s two proposals. Calculate the probability of rejecting a page under each of the approaches. Would you get about the same results by examining every single signature? Offer a plan of your own, and discuss how it might be better or worse than the two plans proposed by Sara.

SOLUTION:
The table below shows the fraction of invalid signatures, by district.





Avondale
Midway
Kingston

Total defects


     142

     170

     276

Total names validated

   2800

   1800

   1400

Fraction invalid

0.0507

0.0944

0.1971
Notice the number of invalid signatures is quite different in the three districts, that is about 5.1 percent of the signatures is invalid in Avondale, 9.4 percent in Midway, and 19.7 percent in Kingston.
Rounding these values to 0.05, 0.10, and 0.20 respectively, so we can use the binomial table, the probability of rejecting a page in each district for each district.




Avondale
Midway
Kingston
Value of ( 


  0.05

  0.10

  0.20
Sample of 5 (X ( 2)

0.022

0.081

0.262
Sample of 10 (X ( 3)

0.011

0.069

0.322
These probabilities are quite similar to using software, such as excel to find the expected percent of pages that would be rejected under each proposal using the total number of defects from the first table.




Avondale
Midway
Kingston
Sample of 5 (X ( 2)

   0.023
  0.074

  0.257
Sample of 10 (X ( 3)

   0.012
  0.061

  0.314
The results of the two methods of finding probability yield similar expected rejection rates. The two plans are also quite similar for the number of rejections made for each district. For example, with either plan about two percent of the pages will be rejected in Avondale, about 7 percent in Midway and 28 to 30 percent in Kingston. Comparing the two sample sizes, we expect that a sample of 5 would have more rejections in Avondale and Midway, but less rejections in Kingston than a sample of 10. 

Using a larger sample than 10 is not realistic, because there are only 200 names on a page and taking a larger sample is time consuming.. Suggest using the same of n = 5.

