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Pooled t-Test Procedure 
 

Pooled t-Test 

The pooled t-test is a statistically based procedure to evaluate the variability in the mean (average) of test 
results between 2 sets of data. When QMP, Aggregate for Concrete Pavement is specified and the contractor 
chooses option 1, in the special provision, the contractor’s test results tabulated from the sieve analysis for 
gradation may be evaluated and compared to the engineer’s test results of the relocated aggregate, if the 
aggregate is relocated. This procedure will only apply to those contracts where the aggregate is produced at 
one location then moved to a new location. This procedure is a tool that may be used to compare the test results 
mean of the original stockpile (contractor’s data) to the test results mean of the relocated stockpile (engineer’s 
data). A failed comparison between the original aggregate and the relocated aggregate may be the result of 
segregation, contamination, or degradation that occurred in the relocation/re-stockpiling process. The engineer 
will make the final determination on the quality of the material. 

On the following pages a step-by-step procedure illustrates how to compute the F statistic, which you will then 
compare to the CRITICAL VALUES FOR F DISTRIBUTION (F critical table provided). If the F critical is greater 
than the F statistic you computed you are sure with a 99 percent confidence level that the relocated stockpile is 
the same as the original stockpile. 

NOTE: The minimum number of tests required on the relocated stockpile is 5 tests or 20 percent, 
whichever is greater, of the tests taken on the original stockpile. Therefore, if 77 tests are taken 
on the original stockpile you need to take at least 15 tests on the relocated stockpile. 

A sample calculation of the F statistic is provided and a comparison is made to the F critical. In the example 
provided, the pooled t-test confirms that the stockpiles are the same. 
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Pooled t-Test Procedure 

(One-Way Analysis of Variance) 

1.) Calculate Average Test Results ( A ) for each stockpile: 

 A1= Σσ1 / n1 A2= Σσ2 / n2 

σ : the individual test result 

n : the number of tests performed on that stockpile 

1 : original stockpile 

2 : moved stockpile 

2.) Calculate the Grand Mean (T ) for Pooled Data: 

 T = (Σσ1 + Σσ2) / (n1 + n2) 

3.) Calculate the Treatments Sum of Squares (SST): 

 SST = n1 ((A1 - T)2 ) + n2 ((A2 - T)2 ) 

4.) Calculate the Error Sum of Squares (SSE): 

 n1 n2 

 SSE = Σ (σ1 -A1)2 + Σ (σ2 -A2)2 

 1 2 

5.) Calculate the Treatments Mean Square (MST) & Error MeanSquare (MSE): 

 MST = SST / 1 MSE = SSE /( (n1 - 1) + (n2 - 1) ) 

6.) Calculate the F-Statistic (F):    

 F = MST / MSE 

7.) Determine the Critical F-Statistic (F critical): 

Look this value up in a F Distribution Table using 1% probability values 

Numerator Degrees of Freedom = 1 

Denominator Degrees of Freedom = (n1 -1) + (n 2 - 1) 

8.) Compare F-Statistics: 

If F < F critical then the stockpiles are the same 

If F > F critical then the stockpiles are not the same 
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Critical Values for F Distribution 

(1% Probability Values & 1 Degree of Freedom) 
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Degrees of Freedom for Denominator F critical 

1 40.52 

2 98.49 

3 34.12 

4 21.20 

5 16.26 

6 13.74 

7 12.25 

8 11.26 

9 10.56 

10 10.04 

11 9.65 

12 9.33 

13 9.07 

14 8.86 

15 8.68 

16 8.53 

17 8.40 

18 8.28 

19 8.18 

20 8.10 

21 8.02 

22 7.94 

23 7.88 

24 7.82 

25 7.77 

26 7.72 

27 7.68 

28 7.64 

29 7.60 

30 7.56 

32 7.50 

34 7.44 
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36 7.39 

38 7.35 

40 7.31 

42 7.27 

44 7.24 

46 7.21 

48 7.19 

50 7.17 

55 7.12 

60 7.08 

65 7.04 

70 7.01 

80 6.95 

100 6.90 
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Example: Pooled t-Test Calculation 

1. A1 = (60+58+52+59+56+64+65+51+61+57+59+62+60+64+63) /15  =  59.33 

 A2 = (54+63+58+51+49) /5  =  55.00 

2. T = (60+58+52+59+56+63+65+51+61+57+59+62+60+64+63+54+63+58+51+49) / (15+5)  =  58.25 

3. SST = 5 ((55.00 - 58.25)2 ) + 15 ((59.33 - 58.25)2 )  =  70.31 

4. SSE = 233.35 + 126 = 359.35 

60 - 59.33 = 0.67 (0.67)2 = 0.45 

58 - 59.33 = -1.33 (-1.33)2 = 1.77 

52 - 59.33 = -7.33 (-7.33)2 = 53.73 

59 - 59.33 = -0.33 (-0.33)2 = 0.11 

56 - 59.33 = -3.33 (-3.33)2 = 11.09 

63 - 59.33 = 3.67 (3.67)2 = 13.47 

65 - 59.33 = 5.67 (5.67)2 = 32.15 

51 - 59.33 = -8.33 (-8.33)2 = 69.39 

61 - 59.33 = 1.67 (1.67)2 = 2.79 

57 - 59.33 = -2.33 (-2.33)2 = 5.43 

59 - 59.33 = -0.33 (-0.33)2 = 0.11 

62 - 59.33 = 2.67 (2.67)2 = 7.13 

60 - 59.33 = 0.67 (0.67)2 = 0.45 

64 - 59.33 = 4.67 (4.67)2 = 21.81 

63 - 59.33 = 3.67 (3.67)2 = 13.47 

 Total = 233.35 

54 - 55 = -1 (-1)2 = 1 

63 - 55 = 8 (8)2 = 64 

58 - 55 = 3 (3)2 =9 

51 - 55 = -4 (-4)2 = 16 

49 - 55 = -6 (-6)2 = 36 

 Total = 126 

5. MST = 70.31/ 1  =  70.31 

MSE = 359.35 / ( (15 - 1) + (5 - 1) )  =  19.96 

6. F Statistic = 70.31 / 19.96  =  3.52 

7. F Critical = 8.28 (DF = 18 for denominator) 

8. F Statistic = 3.52 < F Critical = 8.28 

Stockpiles are the same.  


	Roadway Standards
	CMM Main Page
	Construction and Materials Manual
	CMM Foreword
	Table of Contents w/Updates
	Section 2-26  Preconstruction Meeting
	Section (update)

	Section 2-42  Contract Modifications
	2-42.1 General (update)

	Section 4-50  Asphalt Pavement - General
	Section (update)

	Section 4-53  
	Section (update)

	Section 4-54  Preparation of Foundation for Asphalt Pavement
	4-54.6 Tack Coats (update)

	Section 4-58  Placing Asphalt Mixtures
	4-58.3 Ambient Air Temperatures (update)

	Section 5-20  Steel Bridges
	5-20.5.1 Bolts (update)

	Section 5-50  Pipe Culverts
	Section (update)

	Section 5-70  Ancillary Structures
	Section (update)

	Section 6-15  Storm Sewer
	Section (update)

	Section 8-10  Materials - General
	8-10.1.3 Materials Coordinator Training (update)

	Section 8-15  Density Testing
	8-15.4 Annual Bureau of Technical Services Gauge Block Calibration Procedures (update)
	8-15.7 QMP QC & QV Nuclear Density Gauge Comparison (update)

	Section 8-30  QMP - General
	8-30.9.2 Random Sampling (update)

	Section 8-36  QMP - HMA
	Section (update)

	Section 8-38  Ride Quality
	Section (update)

	Section 8-40  Materials Sampling
	8-40.7 Material Specifications Transition Period (update)

	Section 8-45  Materials Testing and Acceptance - General
	Section (update)

	Section 8-46  Materials Data Collection and Reporting Software System
	Section (update)

	Section 8-50  Materials Testing and Acceptance Guide
	Section (update)

	Section 8-65  Asphaltic Binder Materials
	8-65.1 General (update)
	8-65.2 Sampling Asphaltic Materials (update)

	Section 8-66  Asphalt Mixture Design
	Section (update)

	Section 8-70  Materials Testing and Acceptance - Concrete
	8-70.4.7.1 Pavement Units (update)
	8-70.4.7.2  (update)

	Section 8-75  Materials Testing and Acceptance - Structures
	8-75.3.3 Pile Driving Data, Form DT1924 (update)


	Glossary
	CMM Chapter 1  General Provisions
	Section 1-10  Project Management
	Section 1-15  Glossary
	Section 1-30  Hazardous Materials
	Section 1-35  Safety
	Section 1-40  Field Facilities and State-Owned Equipment
	Section 1-45  Traffic Control
	Section 1-50  Construction Equipment
	Section 1-55  Construction Site Crashes
	Section 1-58  Archaeological and Burial Considerations
	Section 1-60  Construction Inspection
	Section 1-65  Contract Records
	Section 1-70  Performance Measures

	CMM Chapter 2  Contract Management
	Section 2-10  Contracts and Agreements
	Section 2-14  Federal Aid Local Road Projects
	Section 2-15  Transparency Efforts for Projects
	Section 2-16  Consultant Contracts for Construction Services
	Section 2-18  Project Relationships and Communication
	Section 2-19  Construction Services by Local Units of Government
	Section 2-20  Public Relations
	Section 2-22  Notice to Proceed
	Section 2-24  Labor Compliance
	Section 2-26  Preconstruction Meeting
	Section 2-28  Laws and Standards
	Section 2-30  Right of Way
	Section 2-32  Measurement and Payment
	Section 2-33  Payment - LFA Agreements
	Section 2-34  Site Time - Damages and Incentives
	Section 2-36  Intermediate/Tentative/Final Estimates
	Section 2-38  Administrative Items
	Section 2-40  Prompt Payment
	Section 2-42  Contract Modifications
	Section 2-44  Cost Reduction Incentive
	Section 2-46  Force Account Work
	Section 2-48  Suspension of Work
	Section 2-50  Project Acceptance
	Section 2-52  Bonds and Warranties
	Section 2-54  Contract Claims
	Section 2-56  Utilities
	Section 2-58  Railroad Agreement
	Section 2-60  Subcontracting

	CMM Chapter 3  Earthwork and Bases
	Section 3-10  Clearing and Grubbing
	Section 3-15  Removing Miscellaneous Structures
	Section 3-20  Roadway and Drainage Excavation
	Section 3-25  Structure Excavation
	Section 3-30  Embankments
	Section 3-35  Borrow Excavation
	Section 3-40  Granular Subbase Course
	Section 3-45  Dust Control
	Section 3-50  Rubblizing Concrete Pavement

	CMM Chapter 4  Pavements
	Section 4-10  Concrete Pavement - General
	Section 4-11  Preparing the Grade for Concrete Pavement
	Section 4-15  Hauling and Placing Concrete
	Section 4-16  Concrete Consolidation
	Section 4-17  Concrete Finishing
	Section 4-18  Concrete Texturing and Tining
	Section 4-19  Protecting Freshly Placed Concrete
	Section 4-21  Pavement Joints
	Section 4-24  Concrete Paving Inspection
	Section 4-50  Asphalt Pavement - General
	Section 4-51  Mixing Plants
	Section 4-53  
	Section 4-54  Preparation of Foundation for Asphalt Pavement
	Section 4-56  Hauling Asphaltic Mixture
	Section 4-57  Asphalt Pavers
	Section 4-58  Placing Asphalt Mixtures
	Section 4-59  Asphalt Mat Inspection
	Section 4-61  Compaction and Density of Asphalt Pavement
	Section 4-65  Pavement Marking, Roads Open to Traffic

	CMM Chapter 5  Structures
	Section 5-10  Concrete Masonry
	Section 5-15  Concrete Structures
	Section 5-20  Steel Bridges
	Section 5-25  Bridge Decks
	Section 5-28  Concrete Deck Overlays and Structure Repairs
	Section 5-30  Painting
	Section 5-40  Piling
	Section 5-45  Railing
	Section 5-50  Pipe Culverts
	Section 5-55  Shop Fabrication Plans
	Section 5-60  Post Award Acceptance of Design/Build Retaining Walls
	Section 5-65  Temporary Structures
	Section 5-70  Ancillary Structures

	CMM Chapter 6  Miscellaneous Construction
	Section 6-10  Concrete Curb Ramps
	Section 6-15  Storm Sewer
	Section 6-20  Manholes and Inlets
	Section 6-25  Marker Posts, Cable Guard Fence, and Steel Plate Beam Guard
	Section 6-26  Energy Absorbing Terminals
	Section 6-30  Property Fence and Right of Way Fence
	Section 6-35  Maintenance and Repair of Haul Roads
	Section 6-40  Landscaping
	Section 6-45  Erosion Control
	Section 6-50  Pavement Marking and Delineation
	Section 6-55  Electrical Construction
	Section 6-60  Well Construction and Borehole Abandonment
	Section 6-70  Safety Edge

	CMM Chapter 7  Construction Surveying
	Section 7-10  Construction Surveying - General
	Section 7-15  Highway Staking
	Section 7-18  GPS Machine Guidance
	Section 7-20  Staking Storm Sewer System
	Section 7-25  Staking Subgrade and Base
	Section 7-30  Staking Curb, Gutter, Curb and Gutter, and Concrete Barrier
	Section 7-35  Staking Pipe Culverts
	Section 7-40  Staking Structure Layout
	Section 7-45  Staking Concrete Pavement
	Section 7-50  Staking Re-Surfacing Reference
	Section 7-55  Staking Electrical Installations
	Section 7-60  Staking Supplemental Control
	Section 7-62  Slope Staking
	Section 7-65  Staking Right of Way
	Section 7-70  Cross Sections and Digital Terrain Models
	Section 7-75  Staking Borrow Pits
	Section 7-80  Constructing and Restoring Access Points
	Section 7-85  Survey Monuments

	CMM Chapter 8  Materials Testing, Sampling, Acceptance
	Sections 10 - 32
	Section 8-10  Materials - General
	Section 8-13  Weighed Materials
	Section 8-15  Density Testing
	Section 8-20  Independent Assurance Program
	Section 8-30  QMP - General
	Section 8-32  QMP - Subgrade

	Section 8-34  QMP - Aggregate
	8-34.1  Sampling and Testing
	8-34.1.1  Sampling During Production or Post-Production
	8-34.1.2  Sampling During Placement
	8-34.1.3  Sieve Analysis
	8-34.1.4  Atterberg Limits
	8-34.1.5  Fractured Particle Count

	8-34.2  Department Testing
	8-34.2.1  Verification Testing
	8-34.2.2  Independent Assurance Review

	8-34.3  Dispute Resolution
	8-34.4  Aggregate for Concrete Pavement
	8-34.4.1  Sampling
	8-34.4.2  Testing
	8-34.4.2.1  Aggregate Sieve Analysis
	8-34.4.2.2  Fineness Modulus

	8-34.4.3  Corrective Action
	8-34.4.4  Department Testing
	8-34.4.4.1  Verification Testing
	8-34.4.4.2  Independent Assurance Review
	8-34.4.4.3  Dispute Resolution


	Attachment 1  Pooled t-Test Procedure

	Section 8-35  QMP - Concrete
	Section 8-36  QMP - HMA
	Section 8-38  Ride Quality
	Section 8-40  Materials Sampling
	Section 8-45  Materials Testing and Acceptance - General
	Section 8-46  Materials Data Collection and Reporting Software System
	Section 8-50  Materials Testing and Acceptance Guide
	Section 8-55  Materials Testing and Acceptance - Earthwork
	Section 8-60  Materials Testing and Acceptance - Aggregates
	Section 8-65  Asphaltic Binder Materials
	Section 8-66  Asphalt Mixture Design
	Section 8-70  Materials Testing and Acceptance - Concrete
	Section 8-75  Materials Testing and Acceptance - Structures



