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1. Introduction
For statistical tests we selected a confidence level of 95% for a bad UE and a limit UE.
This means: a limit DUT should pass, but will  fail with a probability of 5% in a single test.

If a limit DUT is tested R times (R>>1) then we expect approx. 0.05*R false fails.

The following text discusses the consequences, when we fail the DUT at one fail in repeated tests. 

2. The Problem

Repeated tests in our case is not a simple repetition under the same conditions. The test is repeated at different frequencies, vibrations, temperatures, voltage, bandwidths and other stress conditions. We assume that the different conditions strongly influence the quality of the DUT. In case of a fail, we conclude, that the DUT cannot withstand one of the stress conditions, e.g. vibration. Hence we decide, that one single fail in repeated tests fails the DUT completely.
However this is only one end of a wide range of possibilities: 

a.) The different conditions strongly influence the quality of the DUT. In repeated tests different DUT qualities are tested. (as described above)  

b.) The different stress conditions do not have any influence on the DUT. In spite of different conditions, always the same DUT quality is tested.

In case of (a), we do not have any problem with repeated tests, as the decision of the test reflects more the influence of the varying test conditions onto the DUT and less the statistical wrong decision risk of a DUT on the quality limit.

In case of (b), we must interpret repeated tests statistically. This leads to the question:

In a single test, the wrong decision risk for a limit DUT is 5%. 

If a limit DUT is tested R times (R>>1) then we expect approx. 0.05*R false fails.

If, however, we fail the DUT completely, if we observe one fail in R tests, 

what is the wrong decision risk for a limit DUT in  the so defined composite test?
We want to express this relation quantitatively.

(The false pass probability for a bad DUT is not a problem, as we did not define a general pass for a pass in a single test.) 
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3. Result

Fig1. Wrong decision risk in repeated tests.

Vertical: probability P of a false fail
in a composite test, when the single 
test has a false fail probability of 5%.

Horizontal: number of single tests

for the composite test.
The statistical model is described below.

5. Interpretation
The false fail probability P increases, when the test is repeated. However, the wrong decision risk in repeated tests, derived above, is valid only under very specific/unrealistic conditions: these are:

· Different (stress-) conditions, like vibration, temperature, voltage, bandwidth, etc. do not have any influence on the quality of the DUT.

· The DUT is a DUT with limit quality.

However these conditions are not realistic:

· Different (stress-) conditions should have an influence to the quality of the DUT. This is an argument to fail the DUT in repeated tests, after having observed one fail. 

· A DUT with limit quality is used only to derive the pass/fail limit. A limit DUT is a hypothetical one and does not represent a typical DUT. For a DUT, which is worse, the fail is justified. For a DUT, which is better, the wrong decision risk is lower then 5% in a single test and hence also lower in the composite test.

· The blocking test is repeated very often. However it contains allowance (spurious response). Allowance means, than one or more fails are allowed in repeated tests. So the function in Fig 1. does not apply for the blocking test. The function is below in case of allowance.
6. Proposal

We propose to refrain from repeated tests, when the test conditions do not clearly influence the DUT quality. This avoids the increase of the wrong decision probability in repeated tests.

We propose to keep the wrong decision probability of 5% of a single test in the composite test, when the test conditions clearly influence the DUT quality. In this case the fail reflects the weakness of the DUT against the specific test condition. 

If we are not able to estimate the influence of the test conditions onto the DUT quality, we can a) decrease the wrong decision risk for the single test (this increases the test time)
b) introduce allowance for repeated tests.(does not increase test time, but risks a false pass)
Further proposals are welcome.

7. Statistical Model
Inside a single statistical test we have samples and errors. The sample represents a block (received wrong or correct) and an error represents an incorrect received block.

In the statistics of the composite tests a sample is a single test and an error is a false fail of the test (irrespective of the test design)
We know: the false fail probability in a single test is 0.05.

We expect R*0.05 false fails , when we repeat the single test R times.

In order to calculate the probability of one false fail in R repetitions, simple combinatory is used:
The probability to see at least one false fail in 2 tests is:

(20+19)  /  20*20   =  0.0975
20 is the inverse of the false fail probability in one single test.
20*20 is the number of combinations to combine false fail and correct fail in 2 single tests. 19 instead of 20 represents the combination with 2 false fails in 2 single tests.
The probability to see at least one false fail in 3 tests is:

(20*20  +  20*19  +  19*19)  /  20*20*20       =       0.142625

The general formula for R repetitions and 5% wrong decision risk
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…… R components in the sum for R repetitions.

The general formula for a false fail probability p in a single test
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… R components in the sum for R repetitions.

This formula can be transformed to:
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It is the false fail probability P for a composite test, composed of R single test, where the single test has a false fail probability of p
Fig 2. Wrong decision risk in repeated tests, p variable
Vertical axis: the false fail probability of the composite test.

Horizontal axis: number of repetitions of the single test
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y(R): false fail probability of the single test: 5%    (bold green, the currently used value)

x(R): false fail probability of the single test: 10%

z(R): false fail probability of the single test: 1%

w(R): false fail probability of the single test: 2%

x, z and w shall show, what we achieve by changing the wrong decision risk of the single test. 
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