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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

Kansas
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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

Kansas

Department of Transportation

Basic Statistics
Objectives

» Calculate basic statistical measures
* Perform basic statistical calculations on calculator
* Name methods to generate random numbers

Department of Transportation
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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

Kansas
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Basic Statistics
Measures and Procedures

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

Variability measures
* Range

» Standard Deviation

» Sample Variance

Kansas
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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

Kansas

Department of Transportation

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.

Kansas
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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.

Kansas
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Basic Statistics
Average or Mean ( X))

* The total sum of all variables (X ;) divided by the
number of variables (71)

AR b W T, X,
X = =
n n

Kansas

Department of Transportation

8/9/2022



8/9/2022

Basic Statistics
Moving Average (X, )

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

* The 4-point moving average will be:

Xi+Xi-n+Xi-+ Xai->3
X —
ma;
l 4
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Basic Statistics
Range (R)

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

» A simple measure of variability.

R:xmax—x .

min
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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

»
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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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f Transp

8/9/2022



Basic Statistics
Variance (S ’ )

» The square of the sample standard deviation

Kansas
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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%

Kansas
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Basic Statistics
Calculator Usage

e Use YouTube
» Search for calculator model + “statistics”
« Example search for “TI-30xa statistics”

Kansas
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Basic Statistics
Objectives

» Calculate basic statistical measures
* Perform basic statistical calculations on calculator
* Name methods to generate random numbers

Kansas
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NORMAL DISTRIBUTION CURVE

KDOT Construction Manual
Section 5.2.1
Pages 7-10

l{ansasﬂ

rtment of Transportatiol

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

Department of Transportation

f Transp




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

Kansas
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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

Kansas
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Normal Distribution Curve
Characteristics

Kansas
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. 68.26% of data falls within +/- 1 standard deviation of

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

- 99.74% of data falls within +/- 3 standard deviations of

Normal Distribution Curve
Characteristics

the average

the average

the average
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Normal Distribution Curve
Different Distributions Can Share the Same Mean

Kansas
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Normal Distribution Curve
Used for Process Control

Lower Upper
specified | | specified

Mean loo low lirat | | limat
|

I
i | for amount of |
| scalter (s) F Mean ok
| | scatter(s) ok
Mean ok
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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

Kansas
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Normal Distribution Curve
Used for Statistical Control Charts

| +3 Upper action limit
| +2 Upper warning limit
|+

\ x Average
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Normal Distribution Curve

Examples
AIRVOIDS — PWL
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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

Department of Transportation

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

Department of Transportation
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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.

l{ansasﬂ

rtment of Transportatiol

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)

Department of Transportation
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Quality Level Analysis

Concept of Percent Defective

INGLE-L 1] P! TT
DISTRIBUTION OF CHARACTERISTIC OF INTEREST

72z

- _perce

s
Ppercenr Hrriits
defective

Ppercent

percent e For,
- withirz
defective j g : ; Forrzs:

<
- lower Errzrit npper Dmit
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Quality Level Analysis
Upper Quality Index

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

(UsL - X)

S

Qu:

Department of Transportation
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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 (Q ) for single limit specifications with
lower-limit

_(x—zsr)

S

0,
Kansas
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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)

Kansas
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0 =1.00

PWL=383.64%

Quality Level Analysis
Percent Within Limits

Table 5.17.09-2 for Estimation of Lot Percent Within Limits

Variability Unknown Procedure
Standard Deviation Method

Quality

Index creent Within Limits for Selected Sample Sizes
QuorQu[ N=3 N=4( N=5 )N=6 N=7 N=8 N=9 N=10 N=I5 N=20 N=30 N=50 N=100
091 8122 8139 8149 8156 8161 8173 8177 8181 8183 8185
0.92] 8151 8167 8177 81.84 B81.89 8200 8204 8208 8210 8211
093 81.81 8196 8205 8212 8216 8227 8231 8234 8236 8237
0.94) 8210 8224 8233 8239 8244 8254 8257 8260 8262 8263
095 8230 8252 8261 8267 8271 8280 8284 828 8288 8289
0.96 8267 8280 8288 8294 8297 8306 83.10 8312 8313 83.14
097 8296 83.08 8315 8321 8324 8332 8335 8337 §339 8339
098 8324 8335 8343 8347 8351 8358 8361 8363 83.64 8364
83.52 83.63 83.60 8374 8377 8384 8386 83.88 83.88 83.89|
ool 8380 8390 8396 8400 8403 8409 8411 8412 8413 8413
o1 84.08 8417 8422 8426 8428 8434 8436 8437 8437 8438
1.02| 8447 8400 8422 8436 8444 8449 8452 8454 8459 8460 8461 8462 8462
1.03| 8507 8433 8452 8463 8470 8475 8477 8479 8483 8485 8485 8485 8485
1.04] 8569 8467 8481 8491 8497 8500 8503 8504 8508 8509 8509 85.09 85.09
1.05| 8634 8500 8509 8518 8523 8526 8528 8529 8532 8533 8533 8532 8532
1.06| 87.02 8533 8538 8545 8549 8551 8553 8554 8556 8556 8556 8555 8555
1.07| 87.73 8567 8567 8571 8574 8576 8578 8578 8580 8580 8579 8578 8578
1.08| 88.49 8600 8595 8598 8600 8601 8602 8603 8603 8603 8602 8601 86.00
1.09| 8929 8633 8624 8624 8625 8626 8627 8627 8626 8626 8625 8623 86.23
1.10| 90.16 8667 8652 8650 8651 8651 8651 8650 8649 8648 8647 8646 86.45
L11| 9L11 8700 8680 8676 8675 8675 8674 8674 8672 8671 8669 8668 86.66

Kansas
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=55
n=4

PWL, =100-68.33=31.67

Quality Level Analysis
Percent Within Limits

‘Table 5.17.09-2 for Estimation of Lot Percent Within Limits

Variability Unknown Procedure

Standard Deviation Method
Quality
Index Percent Within Limits for Selected Sample Sizes
QuorQu| N=3 N=5 N=6 N=7 N=8 N=9 N=10 N=I5 N=20 N=30 N=50 N=100
0.46 66.19 6662 6687 6703 67.14 6722 6743 6752 67.60 67.65 67.69
0.47| 6653 6696 6722 6738 6749 6758 6779 6788 6796 68.01 68.05
048 6688 6731 67.57 6773 67.85 6793 68.15 6823 6831 6837 6840
£0.49) 6722 6766 6792 6808 6820 6828 6850 6859 68.67 6872 68.76
0.50) 67.56 68.00 6826 6843 68.55 6863 6885 6894 69.02 69.07 69.11
051 6790 6835 6861 6878 6890 6898 69.20 6929 69.37 6943 69.46
052 6824 6869 6896 6913 6924 6933 69.55 69.64 69.72 69.77 69.81
6858 69.04 6930 6947 69.59 69.68 6990 69.99 7007 70.12 70.16
6892 6938 69.64 69.82 69.93 7002 7024 7033 7041 7047 7051
69.26 6972 69.99 7016 7028 7036 70.59 7068 7076 7081 70.85
69.60 7006 7033 7050 70.62 7071 7093 71.02 7110 7115 7119
60.04 7040 70.67 7084 7096 7105 7127 7136 7144 7149 7153
7027 7074 7101 7118 7130 7139 7161 7170 71.78 7183 7187
7061 7107 7134 7152 7164 7172 7195 7204 7211 7217 7221
7095 7141 7168 7185 7197 7206 7228 7237 7245 7250 7254
7128 7175 7202 7219 7231 7240 7261 7270 7278 7284 7287
7161 7208 7235 7252 7264 7273 7295 7304 T3l 7317 73.20)
7195 7241 7268 7285 7297 7306 7328 7337 7344 7350 7353
7228 7274 7301 7318 7330 7339 7361 73.69 7377 7382 7386
0.65| 69.03 7167 7261 7308 7334 7351 7363 7372 7393 7402 7410 7415 7418

Kansas
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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

Kansasn

Department of Transportatiol

QUALITY LEVEL ANALYSIS

Double Limit Specification

Department of Transportation
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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

1 1A
1B
1C
1D

2 2A
2B
2C
2D

Percent Air Voids

4.30
357,
4.05
4.80

4.90
5.07
3.82
3.53

Kansas

Department of Transportation

QUALITY LEVEL ANALYSIS

Single Limit Specification

Kansas
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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
3 11.0

Kansas

Department of Transportation

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

Kansas

Department of Transportation
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COMPARISON TESTING
E-TEST
KDOT Construction Manual

Section 5.2.6
Pages 1-4

Kansas

Department of Transportation

Comparison Testing
Objectives

Understand the need to compare test results
Understand level of significance (a)
Understand test comparison procedure
Learn and execute F-test method

Department of Transportation
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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.

Kansas

Department of Transportation

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
Kansas

Department of Transportation
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Comparison Testing
Procedure
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

Kansas

Department of Transportation

F-TEST

Department of Transportation
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F-test
Compare Variances

» F-test detergnines if QC variance (Scz) and KDOT
variance () are statistically equal or not:

If F>F

o then variances not equal.

OR
If F<F_,, ,then variances are equal.

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

Kansas

Department of Transportation

F-test
Procedure

* Find basic statistics for both contractor and KDOT:
n

X

Kansas
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F-test
Procedure
» Compute F-statistic value:
S < S )
F =—-or —
SV SC

Note: Larger variance always goes in numerator (top)

Kansas

Department of Transportation

F-test
Procedure

« Choose & = 1% level of significance
» Degrees of Freedom

Numerator: -
Denominator: ny,, -1

Kansas

Department of Transportation
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F-test
Procedure

« Find Fp,;

Table 5.17.08-1

in Table 1

ues, F i for the F-test for a Level of §

ignificance, o =

DEGREES OF FREEDOM FOR NUMERATOR

7 &
760 23900
%9 199

DEGREES OF FREEDOM FOR DENOMINATOR

2 7.88 5.3 2; 3
'E : This is for a fwo-failed test with the null and alternate hypotheses shown below

Kansas

Department of Transportation

F-test
Procedure

Compare calculated F'value and ',

Two conclusions:

If F>F,, ,then variances not equal.
OR
If /' < F_.,; ,then variances are equal.

Kansas

Department of Transportation
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EXAMPLE PROBLEM
Case 1 - Concrete

Pg. 5.2.6-8

Kansas

Department of Transportation

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

Kansas
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Example Problem - Case 1
Conclusion for F-test

F =134 Fopr =5.17

+ Since F < F,,,;, assume the variances are statistically
equal

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

Kansas

Department of Transportation

Takeaways

: 2 2

* F-test compares variances §_ and S,
* 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

Kansas

Department of Transportation
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Comparison Testing
Objectives

Understand the need to compare test results
Understand level of significance (a)
Understand test comparison procedure
Learn and execute F-test method

Kansas

Department of Transportation
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COMPARISON TESTING
t-test
KDOT Construction Manual

Section 5.2.6
Pages 5-12

Kansasn

Department of Transportatiol

Comparison Testing
Objectives

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

Department of Transportation

f Transp




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.

Kansas

Department of Transportation

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
Kansas

Department of Transportation
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Comparison Testing
Procedure

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

Kansasn

Department of Transportatiol

t-test
Variances are Equal

Department of Transportation
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t-test
Compare Means

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

If ¢t >¢ then means not equal.

OR
If t <tz - then means are equal.

CRIT °

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

same population K
ansas
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t-test
Variances are equal (F < F_,,.)

» Use pooled variance (S2 ), Which is the weighted average of
variance from both sets of tests when calculating t factor

» Use pooled degrees of freedom (n, +n, —2)

« When ¢ = 0, the two data sets have exactly the same means

Kansas
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t-test
Variances are equal (F < F,,,,)

) D
» Calculate pooled variance Sp

2 Scz(nc _1)+Sv2(nv _1)
n,+n,—2

Kansas

Department of Transportation

t-test
Variances are equal (F < F_,,.)

+ Calculate f statistic

Kansas
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t-test
Variances are equal (F < F,,,.)

+ Determine @ = 1%
» Calculate degrees of freedom

df =n,+n, -2

Kansas

Department of Transportation

t-test
Variances are equal (F < F,,,)
» Find ., inTable2

Kansas
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t-test
Variances are equal (F < F,,,,)

Compare calculated  value and tCRIT
Two conclusions:

If £ 2 ¢z, then means not equal.
OR

If £ <t » then means are equal.

Kansas

Department of Transportation

EXAMPLE PROBLEM
Case 1 - Concrete
(continued)

Pg. 5.2.6-8

Department of Transportation
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Example Problem - Case 1
Conclusion for F-test

F =134 Fopr =5.17

+ Since F < F,,,;, assume the variances are statistically
equal

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

Kansas

Department of Transportation

Example Problem - Case 1

Conclusion for t — test

t =2.865 towr = 2.797

e Since t > 7, assume that the sample means are not
equal

e 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%

Kansas

Department of Transportation
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t-test
Variances not Equal

Kansas

Department of Transportation

t-test
Variances not equal (F > F.,,,)

» Use individual variances from test results to calculate t factor

« Calculate effective degrees of freedom ( 1), effective
degrees of freedom rounded down to a whole number

* When ¢ = 0, the two data sets have exactly the same means

Kansas
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t-test
Variances not equal (F > F.,,)

» Use individual variances from test results to calculate t factor
* No S; to calculate

- Effective degrees of freedom (/")
» Will be provided

« When ¢t = 0, the two data sets have exactly the same means

Kansas

Department of Transportation

t-test
Variances not equal (F > F.,,,)

« Determine & = 1%

« Calculate effective degrees of freedom f ' (given!)

Kansas

Department of Transportation
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t-test
Variances are equal (F < F_,,,)

in Table 2

Table 5.17.08-2 Critical t values

B Findit gy

Kansas
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t-test
Variances not equal (F > F.,,,)

Compare calculated f value and £ .,
Two conclusions:

If £ = .7, then means not equal.
OR

If  <%.p;r » then means are equal.

Kansas

Department of Transportation
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EXAMPLE PROBLEM
Case 2 - Asphalt

Pg. 5.2.6-10

Kansas

Department of Transportation

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

Kansas

Department of Transportation
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Example Problem - Case 2

* From the beginning
* Conduct F-test

» Choose and conduct proper t-test

Kansas

Department of Transportation

Example Problem - Case 2

Conclusion for F-test

F =8.76 Feor = 7.96
- Since F > F_,,,, 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

Kansas

Department of Transportation
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Example Problem - Case 2
Conclusion for t-test

t=1318 oy =4.604

* Since t < 1, 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

Kansas

Department of Transportation

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

Kansas

Department of Transportation
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Comparison Testing
Objectives

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

Kansas

Department of Transportation
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