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Variability
Payment Lot size
Validation of contractor data
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Material Process Sampling Testing

Composite
Variability

Presenter
Presentation Notes
Make sure you mix up the bag in front of the audience before you draw numbers.
List quality issues
	Variability of the Quality of the stuff
	Variability of our ability to measure
Mention: Good use of PWL spec. requires consideration of:
Variability due to sampling (random but representative)
Variability due to testing (precision)
Accuracy of the test results




Standard Deviation: Equations
• Sample standard deviation (s)

• Population standard deviation (σ)

σ =
∑(Xi - µ)2

N

s =
∑(Xi - X)2

n - 1

Presenter
Presentation Notes
Standard deviation is a measure of variation or spread.  It is the square root of the variance.  We never have the total 100% of the population so therefore we use s.

Population standard deviation is used when we have every single sample data for the entire population.  If a very large number of samples the difference in the two equations is minimal.
Sample standard deviation is primarily the one we deal with and is a biased estimator of the population standard deviation.  Therefore, if the individual sample standard deviations are used to estimate a population standard deviations, a correction factor MUST be applied to adjust for the bias in the estimate.  This correction factor is applied to the arithmetic average (mean) of a number of individual lot standard deviation values, and the sample size should be the same for each of the individual lots.  Therefore the preferred method for estimating the within lot process standard deviation is by using the lot variances (an unbiased estimator of population variance) rather then standard deviations.

The calculation of the standard deviation by (a) is laborious, especially when the mean involves more significant places than the variate and thus introduces fractional values.  For a sample of n observations from a population whose mean is unknown, it is more convenient to use (b).  The advantage of (b) is that we do not need to find the deviations (xi-xbar).  The squares of the variate xi2 can be obtained rapidly from tables or by means of a calculator.



Percent within Limits (PWL)

• Using the sample data, with its mean and 
standard deviation, we can determine the 
quality level of the sample
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Compute Q

QL =
X – LSL

s

USL - X

s
QU =

X

LSL

USL

Presenter
Presentation Notes
Taking a look at the formulas, conceptually, the Q–value performs identically the same function as the Z–value does for a normal distribution.  Except now the reference points are the individual sample mean (X bar) and standard deviation (s) instead of the population mean (μ) and standard deviation (σ) and the points of interest with regard to areas under the curve are the specification limits. 
Q represents the distance in sample standard deviation units that the sample mean is offset from the specification limit.  A positive Q falls inside the specification limits.  A negative Q falls outside the specification limits. 

Use contract specification limit
If not available, use target value:
Plus allowable deviation for upper specification limit (USL)
Minus allowable deviation for lower specification limit (LSL)



Data within ± Standard Deviation

95%
68%

99.7%

±1 +2-2 +3-3

Presenter
Presentation Notes
We can just as easily show this as Standard Deviation instead of Z-Score.



Payment Plan with 5% Incentive

Estimated PWL

AQLPF=0.5PWL + 55Pa
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Payment Plan with Incentive

Pay 
Incentive

Pay 
Disincentive
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Pay factors

Estimated PWL



Payment Plan without Incentive
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Payment Plan without Incentive

Pay 
Disincentive
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10095 105
Pay factors

No
Incentive

Estimated PWL



Payment Plan without Incentive

Pay 
Disincentive
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10095 105
Pay factors

99

Estimated PWL



32 States use Contractor QC test 
results in the Acceptance Decision
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Key:

PRUse Contractor QC test results
Use State Tests for Acceptance 13

Source: 2014 
Update FHWA QA 
Assessment



Optimal Sample Size
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Recommendations - number of tests in 
large payment lot
• Most states include 3-5 tests/lot 
• Caltrans has largest number of tests in a payment lot with 20 

QC tests and 7 QA tests per lot
• Recommend maximum of 30 QC tests per lot

• Found that contractors could change quality during last few tests in a 
lot of about 50 tests without PWL identifying change

• Recommend new lot after 30 days of no production
• Continue ratio of 4 QC to 1 QA tests
• Use F&t statistical hypothesis tests to validate contractor tests 

for entire lot, rather than use comparison tolerance for each 
set of 4 QC tests and 1 QA test
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Validating Contractor and 
Agency Data Used in the 
Acceptance Decision

16



Validation

• The mathematical comparison of two 
independently obtained sets of data to 
determine whether it can be assumed they 
came from the same population
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Definition



Hypothesis Tests Used for Validation

• Two Hypothesis Tests
• F-test compares variances (spread of data)

• Variance is the standard deviation2

• T-tests compare means (center of data)
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Conducting F and t-tests

• The greater the number of tests, 
the greater the ability of the 
validation procedure to identify 
valid differences
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Power of the F-test (1-β)
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Ratio of 
Standard 

Deviations

Number of 
Contractor 

Tests

Number of 
Agency 
Tests

Probability of 
Detecting a 
Difference

2 10
25
30
25
30

3
5
5

10
10

0.10
0.51
0.53
0.73
0.75



Questions? 
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Dennis Dvorak
(708) 546-7673
Dennis.Dvorak@dot.gov
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