Descriptive Statistics

Frequency Distribution
First step in describing a variable

E.g.: Variable “child’s age” is measured for 10
children: 3,1,2,3,6,7,6, 2,8, 2

Unique values are 1, 2, 3, 6, 7, 8 years old
1—1 case (10%)
2 — 3 cases (30%)
3 — 2 cases (20%)
6 — 2 cases (20%)
7 — 1 case (10%)
8 — 1 case (10%)




Cumulative Distribution

* Only makes sense for ordinal and
interval/ratio

e 1-1case (10%) [10%]
2 — 3 cases (30%) [40%]
3 — 2 cases (20%) [60%]
6 — 2 cases (20%) [80%]
7 — 1 case (10%) [90%]
8 — 1 case (10%) [100%]

Descriptive Statistics
 Distributions can be long and complicated

* To describe distributions concisely and to
compare distributions, we use descriptive
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statistics

“Here’s a list of 100,000
warehouses full of data. I'd like
you to condense them down to

one meaningful warehouse.”




Percentage

* A percentage for each value = a statistic

* Percentages are very important statistics for
nominal variables

WHEN STATISTICIANS ARGUE |

Two Key Characteristics of a Variable

1. Central tendency (or average) -- describes the
typical value in the list

2. Variability -- describes spread, variation, the
typical distance of numbers from the average




Measures of Central Tendency:
Mean, Median, Mode

| mean?" | [™Watch out!
—— A _ Mediant" |
e

Mode: Example

* Frequency distribution for child’s age variable:
* 1-1 case (10%)

2 — 3 cases (30%) € mode

3 — 2 cases (20%)

6 — 2 cases (20%)

7 — 1 case (10%)

8 — 1 case (10%)




Mode: When to Use

* Mode can be used with any level of
measurement

* But it’s not as helpful for interval/ratio,
especially if more than 10-15 discrete values

* Mode for interval/ratio variables: can be useful
if bimodal distribution

A

+ + 1
Mode Mean Mode
Median
Mean
* Mean of list = sum of all numbers / how many
— ZX
numbers: ==

* Mean can only be used with interval/ratio
variables, not with nominal or ordinal

YES, EVEN
THE MEAN
STATISTICIAN
IS QUITE NICE.
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Example Using Frequency Distribution

* We multiply each value by its frequency:
—1—-1case:1x1=1
—2-—3cases: 2x3=6
—3-—2cases:3x2=6
—6-—2cases: 6x2=12
—7—1cases:7x1=7
—8—1case:8x1=8

* Add all these products and divide by total
number of cases: Meanof X=(1+6+6 + 12 +
7 +8)/10=4

Median

» Splits the sorted list of values in half; the
second quartile (Q,), the 50t" percentile

* List of children’s ages, sorted:
1,2,2,2,3]|3,6,6,7,8. Median=3

* Odd number of cases:
1344567 77. Median=5

 Different numbers in the middle:
34456 | 7889 10. Median=6.5 (some use 6)

| 25% | 25% | 25% | 25% |
1 1 1
Q @ Q,




Based on Cumulative Distribution

* Median is the point where we reach or exceed
50% -- here, it’s 3, we exceed 50%.

1—1 case (10%) [10%]
2 — 3 cases (30%) [40%]
3 — 2 cases (20%) [60%]
6 — 2 cases (20%) [80%]
7 — 1 case (10%) [90%]

8 — 1 case (10%) [100%]

Cumulative Distribution and Median:
Another Example

3 -1case (10%) [10%]
4 — 2 cases (20%) [30%]
5 —1 case (10%) [40%]

6 — 1 case (10%) [50%]

7 — 1 case (10%) [60%]

8 — 2 cases (20%) [80%]
9 — 1 case (10%) [90%]
10 — 1 case (10%) [100%]

* Median=6 (we reached 50%)
e Compare to sorted list result: 6.5




Median

* Median can be used with ordinal or

interval/ratio, not with nominal

* Mean vs median choice for interval/ratio

variables:

— Mean is very sensitive to extreme values, median
isn’t

— Example: Find the mean and median of
1,2,3,4,90

— So if you have outliers, use median

25% 26% | 25% i 25% ofall
observations

Y
1. quartile 3. quartile
quatile

1. Measurng center or average

" SHOULD WE SCARE THE
COPPOSITION BY ANNOUNCING
OUR MEAN HEIGHT OR LULL THEM
By ANNOUNCING OUR MEDIAN

HEIGHT 2" moore
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Summary

* Nominal 2 mode only, NEVER mean or
median

e Ordinal =2 median or mode; mean is
sometimes used but that’s not technically
correct

* Interval/ratio 2 mean (if no outliers) or
median (if outliers or skew); mode can be
used but often not as useful, especially if
there are many values

Why Do We Need to Measure
Variability?
* Consider three sets of values
—List1: 1,5,9
—List2: 4,5,6
—List3: 5,5,5
* Mean=5 but very different
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Variation Ratio

 Rarely used, only for nominal variables
* Percentage of cases NOT in modal category

Savage Chickens oy Doug Savage
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Range and Interquartile Range

Describes the spread of the distribution

Used for ordinal or interval/ratio data

To find Q1 and Q3, use the same approaches
as for median (sorted list or cumulative
distribution)

E'g': 1I 2’ zl 2’ 3_|_3’ 6’ Ql 7’ 8

Range = 8-1=7 IQR= 6-2=4
« IOR R
| 25% | 25% | 25% | 25%
1 1 1
Q, Q, Q, N
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Standard Deviation

Describes the typical distance of numbers
from the mean

Not applicable to nominal level variables!

Deviation vs Standard Deviation:

— Deviation — distance between one number and
the mean

— Standard deviation — typical (average) distance

2(x; — %)*

n—1

Variance

Variance = squared standard deviation

Measured in squared units = the number is
not as meaningful as standard deviation

But useful for further statistical analyses

, 2. (x—x)

L=
n—1
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Example Using Frequency Distribution

e List: 3,1,2,3,6,7,6, 2,8, 2. Mean=4.
| X lcases| X—X |(X—X)2| (X—X)?+Cases |

- 1-4=-3 9 9%1=9
— 3 2-4=22 4 4%3=12
— 2 3-4=-1 1 1%2=2
“ 2 6-4=2 4 4%2=8
1 7-4=3 9 9*1=9
“ 1 8-4=4 16 16*1=16
56

» Step 3:56/(10-1)=6.22 < variance
» Step 4:sqrt(6.22) = 2.49 < standard deviation

Descriptive Statistics

by Level of Measurement
| X |Nominal| _Ordinal | Interval/Ratio

Yes Yes Yes (often not useful)
m No No (sometimes) Yes
m No Yes Yes
m Yes Yes Yes (often not useful)
Yes Yes Yes (but not useful)
No Yes Yes
Interquartile No Yes Yes
Standard No No (sometimes) Yes

deviation

No No (sometimes) Yes e




