NOTES ON NOMINATOR VALIDITY SAMPLING FOR ELECTIONS
Let R designate the "required number" of valid signatures, defined as 3 per cent of the population.  This number will be of the order of 120,000.PRIVATE 

Let N be the number of signatures actually lodged.

Let A indicate the number of signatures in the whole list which are not valid.  This number is unknown.

We take a random sample of size n, and determine a, the number of signatures in the sample which are not valid.  The problem we face is that of deciding, on the basis of the findings from the sample, whether or not to conclude that A > N-R.

One possible approach is to reject the nomination if a > (n(N-R))/N.  This is based on using Na/n as a point estimate of A.

The problem with this is that a, being based on a random sample, is a random variable: it will vary from sample to sample.  In a case where the sample value of a is close to the critical value (n(N-R))/N, there will be a significant chance that in the nomination as a whole, the number of signatures is less than that required, and that the appearance from the sample that the number is greater than that required will be due to the "luck of the draw" when choosing the sample.  

This is somewhat unsatisfactory.  A more logically satisfying approach, if possible, would be to require the number of invalid signatures in the sample to be so low that there is only a specified estimated probability, say 1% or 5%, that the actual number of valid signatures is less than the required number.

Define P=A/N as the proportion of invalid signatures in the nomination, and Q=(N-A)/N as the proportion of valid signatures in the nomination.

Define p=a/n as the proportion of invalid signatures in the sample, and q=(n-a)/n as the proportion of valid signatures in the sample.

p is a hypergeometric random variable.

We estimate the total number of invalid signatures in the nomination by A' = Np.  Being based on a random sample, this estimate will vary from sample to sample.  The variance of the estimate is given by



N2PQ(N-n)/n(N-1).

This depends on the proportions P and Q which are unknown.  An unbiased estimate of it is given by:



N(N-n)pq/(n-1).

Where the normal approximation to the hypergeometric is appropriate, we have the following formula for the maximum allowable number of invalid signatures in the sample before we disallow the nomination:


n(((N-R)/N) - ((2.33((N-n)/N)1/2((pq/(n-1))1/2)+(1/2n))).

Where this number is not an integer, the largest integer lower than it should be used as the limit.

(Note: see William Cochran, Sampling Techniques, Third Edition, John Wiley and Sons, New York, 1977, p 57, formula (3.19).  The coefficient 2.33 is the critical point for a one-tailed critical region of a normal random variable at the 99% level.)
Example:

Let
N=160,000


n=16,000


R=120,000


p=.25

q=.75
Using a point estimate, the nomination would be just be accepted; one quarter of the signatures (ie 4000) in the sample are defective, and extrapolating this to the whole nomination suggests that exactly 120,000 of the 160,000 signatures are valid, as required. 

Applying the alternative formula for determining the maximum number of errors permitted, we can see that it will be less than 4000. In fact, the maximum number of errors allowable is 3616.  If there are more than 3616 errors in the sample, there is a greater than 1% chance that the actual number of valid signatures on the nomination is less than 120,000.

If we can live with a 5% possibility of admitting an invalid nomination, the formula is essentially the same, except that the figure of 2.33 is replaced by 1.645.

Using the 5% critical level, the number of permissible invalid signatures becomes 3728. 

