Data Transformation




The Tech Group

WE PROVIDE INNOVATIVE SOLUTIONS

Using “Normal Theory” to answer questions
correctly depends on the data actually being

Normal and Stable (no special causes).
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Non-Normal Data The Tech Group

* Not all data is Normal, even after the “Special”
causes have been removed.

» Nothing is wrong with the data, it just naturally
occurs this way.

 When data is not normal, many of the
statistical tools and methods won’t work
well...we’ll need a method to overcome this

problem.
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Non-Normal Data

Consequences when using a statistical method that
requires normality.

Example: Calculating Process Sigma or a Z-score.

Normal Distribution Non-Normal Distribution

L

What is this area ? What is this area ?

USL
=3
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,% Non-Normal Data Thia Tach Group
Consequences
Method Consequence of Non-
Normality
Process Sigma Calculation Incorrect process sigma value
Control Chart False detection of some special
causes, missed signal of others

Hypothesis Testing Incorrect conclusion about
(t-test, ANOVA, etc) differences between groups
Regression Misidentification of important

factors. Poor predictive abilities
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Normality Exercise

Directions:

1.

2.

Look at each histogram and assess which data sets come from a normal
distribution. “

Circle or mark the ones you think are normal.
25 Data Points
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ormality Exercise The Tech Group

50 Data Points
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Normality Exercis e Tech Groue

100 Data Points

—

y
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* Looking at histograms can be deceptive.

— Each of the data sets on the previous pages were
randomly generated in Minitab using the “Normal
Distribution” function (Mean = 50, Std. Dev. = 10).

— They are all NORMAL Distributions.

* As you can see, it is difficult to tell if data is
Normal by looking at histograms of n=25,
n=50 and even for n=100.

Copyright 2007, The Tech Group Page 10



O

LRl N

&4
&
v

Normal Probability Plots mersnarew

Normal probability plots offer a better way to asses Normality.
Listed below is the normal probability plot fdr the 1st data set used in the
last exercise (n=25) |

« If the data is Normal, the points
will fall on a “straight” line.

| Mean
| StDev

1B 22| |+ “Straight” means within the 95%
f confidence bands.

Or you can say the data is normal
if approx. 95% of the data points
fall within the confidence bands
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Normal Probability Plot

« Non-Normal Data
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Results:

Your results will
be different

Normal Probability Plot for C1

ML Estimates - 95% ClI

Normality Test in Minitab

WVATIVE SOLUTIONS

Frequency
w
|

ML Estimates
Mean 9.76772

Goodness of Fit
AD* 0.582

Probability

Data

15 Average: 9.76772

StDev: 1.65783
N: 25
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Normal Probability Plot

999 A

StDev  1.62434 99 b
.95 -

80 [ Y

.001 -

Anderson-Darling Normality Test
A-Squared: 0.152
P-Value: 0.954
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What do | do if my data is not Normal?

Caution! Sometimes “Special” causes make normal data
appear skewed.

- Plot data in time series and look for shift in the process
averages or in the variability.

- Graph the data (Dot plots, Box Plots, etc) using rational
sub-grouping to determine if there is a “group” that is causing
the skewed distribution.
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Frequency

A BB is assessing the time required to complete a transactional
process. Data is collected for 50 transactions and they would like to
determine what % of the transactions take more than 6 hours to

complete.

The normality assessment tools indicate that the data is not Normal

Normal Probability Plot for Data
ML Estimates - 85% ClI

10 — — 1 ML Estimates
: Mean  3.55495
S "] stDev 156257
; Goodness of Fit
] - | AD* 1.717
5 @ :
) ¢
()
0 —
T T T T T T
0 1 2 3 4 5 6 ;
Data 1 0 1 2 3 4 5 6 7 8
Data
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Time Series Graph TheTech Srove

| and MR Chart for Data
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Pattern in the data ?
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Graph by Rational Groupingmsrsssee

The BB reviews the PMAP and determines that there are
two individuals that perform this type of transaction. The
data is graphed using this information.

By Person

Person
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e Normal Probability Plot ez rew

Normal Probability Plot for Data By Code

ML Estimates - 95% ClI

t i ! ] : . 1
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2

Goodness of Fit
AD*

0.632
0.662

Percent

[ NCYH [ SR
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Transforming Data The Tech Group

Transformation is a re-expression of the data.

Examples:

— Transform US Dollars to Euros
— Transform seconds into minutes
— Transform Fahrenheit to Celsius

Or Transform Non-Normal Data to Normal Data
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Shape Changing o

Transformations

Any transformation that changes the shape (distribution)
of the data.

Example: Square Root Transformation Y, =

Note: Y, denotes the transformed Y
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Types of Transformations Tsrecseouw

— Square Root to Normal Yo = JY

— Log to Normal Y. =Log(Y)
1

— Inverse to Normal Y, = -
1

_ Y, =

Inverse Square Root to Normal Ty
— Quarter Root to Normal Y, =4y
— Efc...
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Choosing a Transformation ez erou
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How do | pick the correct transformation for my data ?

1.Trial & Error

Try all of the transformations and pick the one that produces the
most Normal data.

2. Use the Box-Cox power transformation method.

— A power transformation raises the Y value to a power
denoted by lambda (A): Y;=Y*

- A typically falls between —2 and 2

— The Box-Cox method finds the A that minimizes the
departure from Normality. |
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A Y2 Common Names
(Power)
-2 }1_2_ Reciprocal squared
-1 1 Reciprocal
Y
-0.5 L Reciprocal square root
JY
0 Log(Y) LOg*
0.5 JY Square root
1 --- No transformation
2 Y? Squared

*Y0=1, but Y» as A approaches zero = Log (Y)
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Selecting a A Value

Choose a lambda value from within the recommended 95%

S
The Te
WE PROVIDE INNOVATI

confidence interval that corresponds to a simple transformation, if

possible.

Box-Cox Plot for Y

95% Confidence Interval

StDev

Last lteration Info

Lambda StDev
Low 0.169 0.738
Est 0.225 0.737
Up 0282 0.738

-10 -05 00 05 10

Lambda

For the data set above, Box-Cox recommends a A anywhere from —-0.3

to 0.7

1=0.25 is within this range (1/4 root)

Y, =4Y
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Transformation Exercise msrenarouw

,V §

Background:

A customer service center measured the time to respond to and close
customer complaints. The time for the last 100 complaints is listed in

the File: “Complaint.mtw”

1. Use one of the methods to determine if the data is “Normal’.

2. If the data is NOT Normal, use the Box-Cox method to
determine a lambda value and transform the data.

3. Test the transformed data for normality
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Transforming Back S

Once data has been transformed and analyzed, sometimes it
IS necessary to transform the data back to the Natural units.

Example: To determine the control limits for a control chart.

Log Transformations:

The back transformation for the Log is called the antilog
Antilog = 10*

If log,o(Y) =Y, then 10"t =Y
Log,,(100) = 2, then 10°=100
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Transforming Back o
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« Other “Back” transformations

Transformation Back Transformation

Square Square Root

Square Root Square

Reciprocals Multiply by the function in

the denominator®

* Caution: Back transforming the reciprocal switches the UCL and the
LCL and should only be used if Y is positive.
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Normal Probability Plot "Time Data"

ML Estimates - 95% ClI

Answer to Transformation
Exercise (pq29)

ML Estimates
Mean 22.442
StDev  26.8509

Goodness of Fit
AD* 6.244

Transformed Data
A=0.25

Percent

StDev

300

200

100

Box-Cox Plot for Time Data

95% Confidence Interval

L1y

05 00 05 10 15 20 25 30
Lambda

ML Estimates
Mean  1.91204
StDev  0.624182

Goodness of Fit
AD* 0.499

WE PROVIDE INNOVATIVE SOLUTIONS

Last teration Info

Lambda
Low 0.168
Est 0.224
Up 0.281
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StDev
16.308
16.344
16.454



