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Project 
Objectives

Establish a methodology for state agencies 
to use in selecting a pavement data 
collection vendor

Establish a methodology for agencies to 
evaluate vendor equipment for purchase to 
conduct their own pavement data collection 

The TPF-5(299) technical advisory 
committee selected the HPMS definitions as 
the data objective to use for this study

Presenter
Presentation Notes
We really haven’t talked explicitly about the equipment parameters in this presentation.
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Selection of Ground Reference Method

• Manual Surveys – Lane Closed to Traffic
• Manual Surveys – From Edge of Pavement
• Windshield Surveys
• Manual Ratings – From Digital Images
• Semi-Automated Ratings – From Digital Images

Location details and lane markings are critical!
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Ground Reference Variability

• Manual Surveys – LTPP Study, Rada, et al, 1999
• Manual Surveys – QES staff, PCI Surveys, 2013-2019
• Manual Surveys – State A, 2018
• Manual Windshield Surveys – State B, PCC, June 2019 
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Accuracy and Precision for LTPP Manual Ratings
AC Pavements PCC Pavements

(Rada, et al., 1999)
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QES Staff PCI Surveys on AC pavements

2013 2014 2015 2016 2017 2018 2019
1 75 5.7 2.8 5.3 4.1 3.7 0.8 8.8 4.5
2 17 41.7 17.9 18.3 29.5 50.6 24.6 59.2 34.5
3 59 15.4 5.0 8.4 2.5 7.3 0.0 12.1 7.3
4 69 3.5 1.3 1.7 8.0 3.1 2.4 11.4 4.5
5 31 7.6 15.4 3.5 22.4 23.1 14.4 12.6 14.1
6 73 5.4 2.5 3.0 6.6 8.0 2.0 5.5 4.7
7 36 21.1 9.7 13.2 21.2 11.4 42.1 8.2 18.1
8 40 6.1 14.9 13.3 8.9 7.4 25.3 8.4 12.0
9 68 4.9 5.0 4.8 10.2 3.9 2.7 11.6 6.1
10 15 24.1 20.2 65.9 59.7 49.0 20.2 72.7 44.5

COV (%) Average 
All YearsSite # 2019 PCI
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State A Cracking Surveys
Absolute Dif ference between Reference Rater and Evaluator Rater

Trans 1 Trans 2 Trans 3 Trans Total
0.2 0.8 0.1 0.3
0.9 5.7 0.7 1.5

WP 1 WP 2 WP 3 WP Total
0.4 5.9 0.4 0.3
1.3 50.4 2.7 1.3

NWP 1 NWP 2 NWP 3 NWP Total
0.4 8.4 0.0 0.3
0.8 79.5 0.0 0.8

  
   

     
       

Distress Type
Average % Cracking Difference

Maximum % Cracking Difference

Distress Type
Average % Cracking Difference

Maximum % Cracking Difference

Distress Type
Average % Cracking Difference

Maximum % Cracking Difference

10 control sites, each 0.3 miles long
Two experienced raters:  Reference Rater, Evaluator Rater

Presenter
Presentation Notes
Doug, I did not conduct the exercise of breaking these into smaller sections.



PE 2019

Overall Agreement Among Raters in Windshield Survey of PCC Pavements

State B PCC Surveys
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Framework of Guidelines – Step 1
• Agency selects control sites

• Recommended minimum length of 0.3 miles
• Sites should be chosen to represent the agency’s

• Pavement types
• Surface textures
• Frequently-occurring distress conditions

Example: Sections with HPMS %Cracking Good, Fair and Poor
• Distresses of high concern and impact in the decision-making process

• Minimum of six sites is recommended, but each is statistically 
evaluated independently

Example: HPMS 
%Cracking

Good

Fair

Poor
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Framework of Guidelines – Step 1
• Agency performs manual cracking distress ratings under closed 

traffic lanes
• Sections and rating intervals must be clearly marked: Start, End and Intermediate Pts

• Rating intervals of minimum length 0.03 miles
• Control sections should have minimum of 10 rating intervals

• Replicate ratings are recommended for determination of the ground reference
• Equivalence of ratings should be assessed
• Single rating or consensus used as reference
• Replicates should not be averaged

• Mark or use template to identify wheel paths, following HPMS directives
• Develop summarized cracking distresses at 0.03-mile intervals

• HPMS directives
• Agency definitions

Presenter
Presentation Notes
Shorter subsection lengths increase variability
Tradeoffs between subsection length, N=number of subsections, and total length that must be surveyed by the agency
Recommendation based on the data we have would be for 0.03-mile subsections
Reasonably consistent with PAVER for roadways (2500 +/- 1500 sq ft)

Use the previous slides about variability to explain why multiple raters are recommended for the ground reference. The slides haven’t covered equivalence yet here. So I would just say that two or three experienced raters are recommended to be sure a significant error isn’t made. The ratings should be compared using a paired t-test in an equivalence formulation. If the ratings are equivalent, one should be selected for the vendor comparisons. If they are different, consensus should be reached. 

(In general, since the paired t-test for equivalence is a one-to-one comparison, the ratings should probably not be averaged. I don’t think it is too problematic if an agency does that, however. The effect would likely be to reduce the SD of the vendor-reference differences, and then make it harder to pass the t-test.)
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Subsections 
for control site 
surveys must 

be clearly 
marked 

Presenter
Presentation Notes
This is because the subsections will be compared one-to-one between the reference and vendor ratings.
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This state agency 
uses a template 

for manual 
ground reference 

surveys

Presenter
Presentation Notes
I got rid of the Alabama DOT reference on this slide, too. Debated but Andy didn’t qualify his request.
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Framework of Guidelines – Step 2
• Vendors collect digital images over all control sites
• Vendors submit images, viewing, and manual rating software
• Vendors submit cracking distress summaries at 0.03-mile 

increments
• Important that the increments match the pavement markings used 

for the ground reference ratings 
• Agency may choose to view and/or perform independent ratings 

from the images

Presenter
Presentation Notes
We haven’t said here why they might do independent ratings from the images. But I think you can discuss that. It would give an indication of how much of the difference between the ground reference and the vendor ratings is due to the image vs. ground and how much to the rating method. This is definitely relevant to the equipment selection problem.
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Framework of Guidelines – Step 3
• Agency completes a statistical evaluation of the submitted data

• Determines a pass/fail for each control site
• Agency should identify pass/fail criteria before data is evaluated
• Agency may weight some control sites differently than others

• Key distresses 
• Fine cracking
• Pavement type

Presenter
Presentation Notes
The pass/fail criteria to set would include:
	the weighting factors between sites
	the statistical factors to be discussed in the next step
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Framework of Guidelines – Step 4
Statistical Tests Evaluated:

• d2s:  95% limits on the difference between two test results (ASTM 
1998)

• Student’s t-Test
• Pearson Correlation Coefficient
• Paired t-Test
• Equivalence Test with Paired Data

Presenter
Presentation Notes
Mention that several of the approaches, including the d2s or an alternate confidence-interval approach, would work with a large (N=8) pool of well-qualified raters. But even compared to that methodology, the paired t-test for equivalence may have advantages.
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Equivalence Testing with Paired Data
• Hypothesis tests are typically used to look for a difference in the results 

large enough to affect the outcome
Example: Does the treatment significantly improve the condition?

• Our goal is identify vendors or equipment that give the same results as 
the ground reference or results close enough to not affect the outcomes

• Equivalence tests are hypothesis tests formulated for when equivalence 
rather than significant difference is the goal

• Using a paired t-test for the equivalence testing, with the ratings 
carefully paired on the same rating subsections, offsets the variability in 
the pavement along the length of the control sites 

Presenter
Presentation Notes
It is still a paired t-test. However, the null hypothesis is formulated differently than that to which we are so accustomed. (Although alternate formulations of the null hypothesis were certainly envisioned when the t-tests were first designed.)

So the criterion for determining whether the t-test is passed or failed is the same; we are still checking p-values. It is the formulation of the hypothesis and parameters (alpha, limits) that differs.
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• In equivalence testing, α (alpha) is the risk level of accepting a 
method as equivalent when it is not

• β (beta) is the risk level of rejecting equivalence when the data is 
in fact equivalent

• Power (1-β) is the likelihood of correctly concluding that the 
difference is within the equivalence limits, when this is true 

• N is the number of subsections; more subsections reduce risks 
and increase the power of the test

• The upper and lower limits should be set at the differences that 
would have a meaningful impact on the outcomes

Equivalence Testing with Paired Data

Presenter
Presentation Notes
The alpha and beta risks have different meanings with an equivalence test formulation of the hypothesis.

For the last bullet, use the example of the %cracking differences that make a difference in the HPMS qualitative ratings. The lower limits are NOT determined by the variability of the data, but on what matters. 
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Power Curve for Equivalence Test with Paired Data

Limits are based 
upon the 
intended use of 
the data 

Power of the test 
increases with 
increasing number 
of subsections

α is the 
agency’s risk 
of accepting a 
vendor as 
equivalent 
when it is not 

StDev based 
on historical 
data and can 
be updated

Power is the 
likelihood of 
correctly 
concluding 
that the 
difference is 
within the 
equivalence 
limits

Presenter
Presentation Notes
Power is the likelihood of correctly concluding that the difference is within the equivalence limits, when this is true.
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Presenter
Presentation Notes
This power curve just has smaller limits and a smaller standard deviation. It makes clear that if small differences are of concern, then N needs to be higher. Note the smaller Power for the same N in this case.

Because each control site is assessed independently, different limits can be used if that makes engineering sense. For example, for a control site with relatively little cracking, the limits could be set based on discerning the difference between HPMS %Cracking “Good” and “Fair.” For a control site with more extensive cracking, the limits could be set based on discerning the difference between HPMS %Cracking “Fair” and “Poor.”
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• A fictional agency rates 6 control 
sites of AC and 3 control sites of 
PCC

• Vendor ratings are compared to 
the ground reference rating for 
each site

• Some sites are found to be 
equivalent

• Some sites are not found to be 
equivalent

• Drawing Conclusions
• Based on a priority weighting of 

sections and or pavement types

Interpreting the results 
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Thank You!

QESpavements.com
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