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Percentiles and Standardized Scores



More on Describing Distributions

Two more tools for describing continuous distributions

Percentiles
“Below what point in the distribution do 75% of the cases fall?”

Standardized (or “Z”) scores

“How many standard deviations from the mean does a particular
observation fall?”



Percentiles

Percentile

The value “below which a given percentage of the observations in
a distribution falls”

Why would we want to know the point on a distribution
below which a given percentage of the cases fall?

Example: “Let’s give a tax break to people at or below the
80t percentile of the income distribution”

Example: “Let’s give a scholarship to high school students
above the 95 percentile of the GPA distribution”



Percentiles

We saw something like this earlier when we talked about
cumulative percentages

Values Cumulative Cumulative
Values Frequency Frequency Percentage
0) 5 5 16.7%

1 10 15 50.0%

2 10 25 83.3%

3 5 30 100.0%

Here it’s pretty straightforward to figure out where the Xt
percentile is; we simply find the lowest value at which the
cumulative percentage equals or exceeds X%



Percentiles

We saw something like this earlier when we talked about
cumulative percentages

Values Cumulative Cumulative
Values Frequency Frequency Percentage
0) 5 5 16.7%

1 10 15 50.0%

2 10 25 83.3%

3 5 30 100.0%

What is the 40t percentile of this distribution? 40% of the cases
fall at or below the value 1. What is the 75th percentile? 75% of
the vases fall at or below 2
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Cumulative Distribution of Total Money Income for U.S. Individuals, 2011
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Percentiles

Percentiles are a more general form of the “five number
summary” we talked about last time

Minimum -> 0t Percentile
Q, > 25t Percentile
Median -> 50th Percentile
Q, > 75t Percentile
Maximum -> 100t Percentile

Why these values? Other substantive applications may call
for different “cut points”



Body Mass Index, 1990-2008
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Sheet1

		Column1		Min.		10th		25th		50th		75th		90th		Max.

		1990		7.5		20.4		22.4		25.1		28.3		32.2		82.4

		1991		8.9		20.4		22.5		25.1		28.4		32.3		94.6

		1992		9.4		20.3		22.3		25.0		28.1		31.9		81.0

		1993		11.1		20.2		22.1		24.6		27.6		31.2		108.5

		1994		9.9		20.2		22.2		24.8		27.9		31.6		81.4

		1995		10.5		20.3		22.3		25.1		28.3		32.1		74.1

		1996		13.6		20.4		22.5		25.1		28.7		32.6		56.6

		1997		15.7		20.8		22.8		25.6		28.9		32.6		49.9

		1998		15.7		20.9		23.0		25.8		29.1		32.9		49.2

		1999		14.3		21.0		23.0		25.8		29.2		33.0		49.2

		2000		14.6		21.0		23.0		25.8		29.3		33.2		50.5

		2001		15.7		21.0		23.2		25.8		29.5		33.5		51.5

		2002		15.1		21.0		23.3		25.9		29.8		33.7		50.5

		2003		15.2		21.1		23.3		26.2		29.7		33.7		49.8

		2004		15.7		21.3		23.4		26.3		29.8		33.7		51.5

		2005		15.6		21.2		23.4		26.4		30.0		34.0		51.7

		2006		15.2		21.2		23.4		26.5		30.2		34.4		54.5

		2007		14.9		21.3		23.6		26.6		30.4		34.7		52.7

		2008		15.7		21.3		23.6		26.6		30.7		35.2		54.7

				To resize chart data range, drag lower right corner of range.
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Percentiles

Quantiles

Divisions of the distribution into groups with known (and equal)
proportions in each group

Examples:

Quartiles = divisions of the distribution into four equal sized groups at the
25t percentile, the 50t percentile, and the 75t percentile

Quintiles = divisions of the distribution into five equal sized groups at the
20t percentile, the 40t percentile, etc.

Deciles = divisions of the distribution into ten equal sized groups at the
10th percentile, the 20t percentile, the 30t percentile, etc.



Percentiles

Figure 1: The top decile income share in the U.5_ 1317-1538
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Percentiles

Average income, by income deciles, Canada, 2000
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Worksheet

10

o 1 2 3 4 5 6 7 8 9 10

What is the 23" percentile of this distribution?
What is the 99t percentile of this distribution?

If you wanted to divide this distribution into quintiles—five
even sized groups—what values of the distribution would you
use to separate the quartiles?
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Standardized (Z) Scores

Standardized (Z) Score

“A transformation of the observed values of a continuous variable
accomplished by subtracting the mean from each value and
dividing by the standard deviation”

(v,=Y)

Z =

i
Y

Example: Imagine a distribution of Y with a mean of 10 and
a standard deviation of 4. How many standard deviations
from the mean is a case withY =57

Z = 5 _410) =-1.25




Standardized (Z) Scores

Z >0 =2 Observation has a value of Y above the mean
Z = 0 =» Observation has a value of Y equal to the mean
Z <0 =¥ Observation has a value of Y below the mean

“Standardizing” a distribution by converting all of the
observed values of Y to Z-scores results in a “standardized
distribution” with a mean of 0 and a standard deviation of 1



Standardized (Z) Scores

Because all standardized distributions have a mean of 0 and
a standard deviation of 1, it becomes possible to compare
values across distributions that have different means and

standard deviations

Example: Who is more unusually tall: A man who is 72
inches tall or a woman who is 67 inches tall?

Y., =69.1”7and s, =2.8
VWomen = 63-8” and Swomen= 26
72.0-69.1 67.0—-63.8
7 (20-691)_ 00, _I ) _123

Man 9 g 26



Worksheet

Who is more unusual? A man finishing the race in 109 minutes or a
woman finishing in 124 minutes?

2014 Grandma’s Half Marathon inutes)

= MEN WOMEN -
(19-34) (19-34)
Yy =125
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Standardized (Z) Scores

Here are violent crime rates (violent crimes per 100,000 residents) in 2005 and 2013 for cities in
America with at least 100,000 people (from the Uniform Crime Reports)

2005 2013
)72005 — 705 )72013 — 531
52005 — 436 52013 — 359
°70 500 1000 1500 2000 2500 °79 500 1000 1500 2000 2500
VCR ver.
Minneapolis 1454 Minneapolis 1019
St Paul 876 St Paul 747

How happy should Minneapolis and St Paul be about
how much their violent crime rates decline between 2005 and 20137



Standardized (Z) Scores

Here are violent crime rates (violent crimes per 100,000 residents) in 2005 and 2013 for cities in
America with at least 100,000 people (from the Uniform Crime Reports)

2005 2013
)72005 — 705 )72013 — 531
52005 — 436 52013 — 359
Minneapolis Z=1.72 Minneapolis Z=1.36
St Paul Z=0.39 St Paul Z=0.60

Both saw declines in violent crime rates, but Minneapolis’s rate declined faster than
the national average while St Paul’s declined slower than the national average



Worksheet

Mean Monthly Temperature in St Paul, MN, 1957-2006

What is more unusual? A January that averages 25 degrees
or a September that averages 65 degrees?
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