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INTRODUCTION
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Course Format
» Topics

– Basic Statistics (Section 5.2.1)

– Quality Level Analysis (Section 5.2.1)

– Statistical Comparison of Quality Control and 
Verification Tests (Section 5.2.6)

» Test
– Open Book; Open Note

– Multiple Choice Test

– 70% Required to Pass

Need Help? Ask Questions Any Time
» Discussion Board

– Leave questions on the discussion board

– View other questions and responses

» Response Time
– Within 48 hours (hopefully much sooner)
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BASIC STATISTICS

KDOT Construction Manual

Section 5.2.1

Pages 3-6

Basic Statistics
Objectives

• Calculate basic statistical measures

• Perform basic statistical calculations on calculator

• Name methods to generate random numbers
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Basic Statistics
Definition of Statistics

• Statistics
» science of interpreting numerical data that has been 

collected systematically, summarized, and tabulated 

• By knowing what has happened or the way things are 
helps in making decisions; in making predictions; and 
in taking steps to make things for the better

Basic Statistics
Measures and Procedures

Central value measures
• Average or Mean
• 4-Point Moving Average

Variability measures
• Range
• Standard Deviation
• Sample Variance
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Basic Statistics
Common Terms

• Data Set - a group of data (numbers)

» Numbers usually represented as variable

– represents first number in data set,

– represents second number in data set, etc…

» Total number of variables represented as

Basic Statistics
Random Sampling

• Random number (5.2.2.2)
» A number selected entirely by chance as from a table of 

random numbers.

– Note: Other methods of generating random numbers, 
such as with scientific calculators, may be approved by 
the District Materials Engineer.
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Basic Statistics
Random Sampling

• Sample (5.2.2.2)
» A small part of a lot or a sublot which represents the whole.

• Random Sample
» Use the random number to determine where to take your 

sample.

• Random sampling helps eliminate bias and ensures 
reliability of our data.

Basic Statistics
Average or Mean (     )

• The total sum of all variables (     ) divided by the 
number of variables (   )
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Basic Statistics
Moving Average (        )

• Average computed based on a fixed set of continuous 
data points

• The 4-point moving average will be:
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Basic Statistics
Range (   )

• The difference between the largest and the smallest 
values in a data set.

• A simple measure of variability.

R

minmax xxR 



8/9/2022

8

Basic Statistics
Standard Deviation

• Measure of the variation about the average of the data set 

• Provides a better measure of variability than range

• 2 types of Standard Deviation depending on sample size
» Sample Standard Deviation

» Population Standard Deviation

Basic Statistics
Sample Standard Deviation (   )

• The root mean square of the deviation from the mean. 

• Typically used when the sample size is 30 or less.
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Basic Statistics
Variance (     )

• The square of the sample standard deviation 

2s

2s

Basic Statistics
Example Problem

• Example #2
» Section 5.2.1  (pages 3 - 6)

» Asphalt content for six Superpave mix sublots

» Data Set:  5.4, 5.8, 6.2, 5.4, 5.4, and 6.0%
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Basic Statistics
Calculator Usage

• Use YouTube

• Search for calculator model + “statistics”

• Example search for “TI-30xa statistics”

Basic Statistics
Objectives

• Calculate basic statistical measures

• Perform basic statistical calculations on calculator

• Name methods to generate random numbers
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NORMAL DISTRIBUTION CURVE

KDOT Construction Manual

Section 5.2.1

Pages 7-10

Normal Distribution Curve
Objectives

• List at least 4 characteristics of normal distribution 
curves

• Describe how normal distribution curves relate to 
process control

• Describe how normal distribution curves serve as a 
basis for statistical control charts
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Normal Distribution Curve
What is a Distribution?

• A listing or function showing all the possible values of 
the data set and how often they occur

• When organized, they’re often ordered from smallest 
to largest, broken into reasonable sized groups and 
then put into graphs or charts to examine the shape, 
center and amount of variability in the data

Normal Distribution Curve
Characteristics

• A typical “bell-shaped” symmetrical curve which 
usually describes the distribution of engineering 
measurements 

• The average or mean is the curve center

• The standard deviation determines the curve shape
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Normal Distribution Curve
Characteristics

Normal Distribution Curve
Characteristics

• 68.26% of data falls within +/- 1 standard deviation of 
the average

• 95.44% of data falls within +/- 2 standard deviations of 
the average

• 99.74% of data falls within +/- 3 standard deviations of 
the average
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Normal Distribution Curve
Different Distributions Can Share the Same Mean

Normal Distribution Curve
Used for Process Control
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Normal Distribution Curve
Used for Statistical Control Charts

• Normal distribution curves can serve as the basis for 
statistical control charts

• The upper specification limit (USL) and lower 
specification limit (LSL) can be based on multiples of 
standard deviation

Normal Distribution Curve
Used for Statistical Control Charts
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Normal Distribution Curve
Examples

Normal Distribution Curve
Examples
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Normal Distribution Curve
Objectives

• List at least 4 characteristics of normal distribution 
curves

• Describe how normal distribution curves relate to 
process control

• Describe how normal distribution curves serve as a 
basis for statistical control charts
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QUALITY LEVEL ANALYSIS

KDOT Construction Manual

Section 5.2.1

Pages 12-26

Quality Level Analysis
Objectives

• Define Quality Level Analysis

• State and calculate upper and lower quality index 
formulas

• Use a table to find PWL

• Select and apply proper analyses
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Quality Level Analysis
Definitions

• A statistical procedure that provides a method for 
estimating the percentage of each lot of material, 
product, item of construction, or completed 
construction that may be expected within specified 
tolerances.

Quality Level Analysis
Definitions

• Percent Within Limits (PWL) - amount of material or 
workmanship that has been determined by statistical 
method, to be within the pre-established characteristic 
boundary(ies)
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Quality Level Analysis
Concept of Percent Defective

Quality Level Analysis
Upper Quality Index

• Upper Quality Index (      ) - subtract the average 
from the upper specification limit  and divide by the 
sample standard deviation 
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Quality Level Analysis
Lower Quality Index

• Lower Quality Index (      ) - subtract the lower 
specification limit from the average and divide by the 
sample standard deviation
» Same as Quality Index (    ) for single limit specifications with 

lower-limit

LQ

Q
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Quality Level Analysis
Percent Within Limits

• Percent Within Limits (PWL) is determined from 
Table 2 after the Quality Index(es) have been 
computed
» If Quality Index is greater than 3.76, then PWL=100%

» If Quality Index is a negative number, the Percent Within 
Limits is equal to:

100% - (PWL from Table 2)
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Quality Level Analysis
Percent Within Limits

00.1Q
5n

%64.83PWL

Quality Level Analysis
Percent Within Limits

55.LQ
4n

67.3133.68100 LPWL
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Quality Level Analysis
Two Types of Analyses

• There are two types:  double-limit and single-limit 
specifications

• Steps in analysis for a double-limit specification on Page 13

• Steps in analysis for a single-limit specification with a 
lower-limit specification shown on Page 14

QUALITY LEVEL ANALYSIS

Double Limit Specification
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Quality Level Analysis
Double Limit Specification

A contractor has run air voids tests on five lots of SM-19B.  The specification limits for air voids
are 4 ± 1.0 %.  This sets the lower specification limit (LSL) at 3.0% air voids and the upper 
specification limit (USL) at 5.0% air voids.  Conduct a Quality Level Analysis and compute the
percent within limits. 
 
                         Lot                     Sublot                Percent Air Voids 
  
                           1                         1A                             4.30 
                                                      1B                             3.77 
                                                      1C                             4.05 
                                                      1D                             4.80 
 
                           2                         2A                             4.90 
                                                      2B                             5.07 
                                                      2C                             3.82 
                                                      2D                             3.53 
 

QUALITY LEVEL ANALYSIS

Single Limit Specification
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Quality Level Analysis
Single Limit Specification

The lower specification limit for concrete pavement thickness is 
10.8 in.  Using the following test results, conduct a Quality Level 
Analysis and compute the percent within limits.

Test Thickness (in)

1 10.9
2 10.7
3 10.9
4 11.0
5 11.0

Quality Level Analysis
Objectives

• Define Quality Level Analysis

• State and calculate upper and lower quality index 
formulas

• Use a table to find PWL

• Select and apply proper analyses
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COMPARISON TESTING
F-TEST

KDOT Construction Manual

Section 5.2.6

Pages 1-4

Comparison Testing
Objectives

• Understand the need to compare test results

• Understand level of significance (α)

• Understand test comparison procedure

• Learn and execute F-test method
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Comparison Testing
Why?

• Compare QC test results and KDOT verification test 
results. 

• Determine if the material under the test came from the 
same population.

• Use F-test and t-test to compare test results.

Comparison Testing
Level of Significance (   )

• F-test and t-test are conducted with a selected level of 
significance (   )

• Level of Significance (   ) used is 1%

» 1% chance that test results are incorrect
1) good material/product will be rejected

2) bad material/ product will be accepted

» 99% level of confidence that F-test and t-test results are 
correct





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Comparison Testing
Procedure

1) Use F-test to compare QC and KDOT variances

2) Use F-test result to determine which t-test method to 
use

3) Use t-test to compare QC and KDOT means

4) Use t-test result to determine if QC and KDOT test 
results are statistically equal

F-TEST
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F-test
Compare Variances

• F-test determines if QC variance (    ) and KDOT 
variance (    ) are statistically equal or not:

If                  , then variances not equal.
OR

If                  , then variances are equal.

• F-test determines what t-test procedure to use.

2
cs2

vs

CRITFF 

CRITFF 

F-test
Procedure

• Find basic statistics for both contractor and KDOT:

2s

s

x

n
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F-test
Procedure

• Compute F-statistic value:

Note: Larger variance always goes in numerator (top)

2

2

2

2

or  
c

v

v

c

s

s

s
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F-test
Procedure

• Choose                 level of significance

• Degrees of Freedom
Numerator: 
Denominator:

%1

1numn
1denn



8/9/2022

6

F-test
Procedure

• Find             in Table 1CRITF

F-test
Procedure

Compare calculated     value and

Two conclusions:

If                  , then variances not equal.

OR

If                  , then variances are equal.  

CRITF

CRITFF 

CRITFF 

F
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EXAMPLE PROBLEM
Case 1 - Concrete

Pg. 5.2.6-8

Example Problem – Case 1
• A contractor has run 21 QC tests for compressive strength and 

KDOT has run 5 verification tests over the same period of time. 
The results are shown below. Is it likely that the tests came from 
the same population?

• Contractor QC Test Results: 36.40, 36.65, 32.69, 38.05, 38.54, 
37.59, 36.57, 42.48, 36.99, 38.20, 37.53, 36.00, 41.28, 40.00, 
38.37, 38.72, 40.36, 30.37, 34.87, 35.62, 36.06

• KDOT Verification Test Results: 36.10, 30.00, 37.00, 32.80, 
30.60
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Example Problem – Case 1
Conclusion for F-test

• Since              , assume the variances are statistically 
equal

• Use the pooled variance and the pooled degrees of 
freedom when conducting the t-test

17.5CRITF34.1F

CRITFF 

Takeaways
• F-test compares variances      and

• There is only one F-test procedure

• F-test result only tells us which t-test procedure to use
• Variances are equal

• Variances not equal

2
cs

2
vs
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Comparison Testing
Objectives

• Understand the need to compare test results

• Understand level of significance (α)

• Understand test comparison procedure

• Learn and execute F-test method
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COMPARISON TESTING
t-test

KDOT Construction Manual

Section 5.2.6

Pages 5-12

Comparison Testing
Objectives

• Learn and execute the t-test for variances are equal

• Learn and execute the t-test for variances not equal
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Comparison Testing
Why?

• Compare QC test results and KDOT verification test 
results. 

• Determine if the material under the test came from the 
same population.

• Use F-test and t-test to compare test results.

Comparison Testing
Level of Significance (   )

• F-test and t-test are conducted with a selected level of 
significance (   )

• Level of Significance (   ) used is 1%

» 1% chance that test results are incorrect
1) good material/product will be rejected

2) bad material/ product will be accepted

» 99% level of confidence that F-test and t-test results are 
correct





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Comparison Testing
Procedure

1) Use F-test to compare QC and KDOT variances

2) Use F-test result to determine which t-test method to 
use

3) Use t-test to compare QC and KDOT means

4) Use t-test result to determine if QC and KDOT test 
results are statistically equal

t-test
Variances are Equal
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t-test
Compare Means

• t-test determines if the QC mean (      ) and KDOT 
mean (      ) are equal or not:

If                  , then means not equal.
OR

If                  , then means are equal.

• If there are no differences in the sample means, it 
indicates the material under test came from the 
same population

cX
vX

CRITtt 

CRITtt 

t-test
Variances are equal (              )

• Use pooled variance (     ), which is the weighted average of 
variance from both sets of tests when calculating t factor

• Use pooled degrees of freedom (                  )

• When          , the two data sets have exactly the same means

CRITFF 
2
ps

2 vc nn

0t
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t-test
Variances are equal (              )

• Calculate pooled variance

CRITFF 
2
ps

   
2

11 22
2





vc

vvcc
p nn

nsns
s

t-test
Variances are equal (              )

• Calculate     statistic 

CRITFF 

t

v

p

c

p
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t-test
Variances are equal (              )

• Determine

• Calculate degrees of freedom

CRITFF 

%1

2 vc nndf

t-test
Variances are equal (              )

• Find           in Table 2

CRITFF 

CRITt
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t-test
Variances are equal (              )

Compare calculated     value and

Two conclusions:

If                , then means not equal.

OR

If                , then means are equal.

CRITFF 

CRITtt

CRITtt 

CRITtt 

EXAMPLE PROBLEM
Case 1 – Concrete

(continued)

Pg. 5.2.6-8
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Example Problem – Case 1
Conclusion for F-test

• Since              , assume the variances are statistically 
equal

• Use the pooled variance and the pooled degrees of 
freedom when conducting the t-test

17.5CRITF34.1F

CRITFF 

Example Problem – Case 1
Conclusion for t – test

 Since              , assume that the sample means are not 
equal

 Probable that the two sets of test results did not come 
from the same population (or lot)
» 1% chance two sets of test results did come from same 

population as we used a level of significance of 1%

797.2CRITt865.2t

CRITtt 
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t-test
Variances not Equal

t-test
Variances not equal (              )

• Use individual variances from test results to calculate t factor

• Calculate effective degrees of freedom (    ), effective 
degrees of freedom rounded down to a whole number

• When          , the two data sets have exactly the same means

CRITFF 

'f

0t



8/9/2022

10

t-test
Variances not equal (              )

• Use individual variances from test results to calculate t factor

• No        to calculate

• Effective degrees of freedom (    )

• Will be provided

• When          , the two data sets have exactly the same means

CRITFF 

'f

0t

2
ps

t-test
Variances not equal (              )

• Determine

• Calculate effective degrees of freedom       (given!)

CRITFF 

%1

'f
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t-test
Variances are equal (              )

• Find           in Table 2

CRITFF 

CRITt

t-test
Variances not equal (              )CRITFF 

Compare calculated     value and

Two conclusions:

If                , then means not equal.

OR

If                , then means are equal.

CRITtt

CRITtt 

CRITtt 
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EXAMPLE PROBLEM
Case 2 - Asphalt

Pg. 5.2.6-10

Example Problem – Case 2
• A contractor has run 10 QC tests and KDOT has run 5 

verification tests over the same period of time for the asphalt 
density (%Gmm).  The results are shown below. Is it likely that 
the tests came from the same population or lot?

• Contractor QC Test Results: 93.0, 92.4, 92.9, 93.6, 92.9, 92.9, 
92.4, 93.4, 92.9, 92.4

• KDOT Verification Test Results: 95.5, 93.3, 94.1, 92.5, 92.7
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Example Problem – Case 2
• From the beginning

• Conduct F-test

• Choose and conduct proper t-test

Example Problem – Case 2
Conclusion for F-test

• Since               , assume the variances are not 
statistically equal

• Use t-test for variances not equal

• Use the individual variances and the approximate 
degrees of freedom (f’) when conducting the t-test

96.7CRITF76.8F

CRITFF 
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Example Problem – Case 2
Conclusion for t-test

• Since              , assume the sample means are equal

• Even though variances were assumed not equal as 
result of F-test, the t-test indicates that the sets of 
tests results came from populations (lots) that had the 
same mean

318.1t 604.4CRITt

CRITtt 

Takeaways
• Comparison testing is a two-step process

• F-test

• t-test

• F-test
• Compares variances

• Only tells you which t-test to perform

• t-test
• Compares means

• There are two types

• Tells us what we want to know
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Comparison Testing
Objectives

•Learn and execute the t-test for variances are equal
•Learn and execute the t-test for variances not equal




