Chapter 3
Describing, Exploring, and
Comparing Data

A) Measures of Center
B) Measures of Variation
C) Measures of Relative Standing

D) Exploratory Data Analysis
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Definition

+» Measure of Center

The value at the center or middle
of a data set
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Definition

Arithmetic Mean
(Mean)

the measure of center obtained by adding
the values and dividing the total by the
number of values
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Notation
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¥ denotes the addition of a set of values

X isthe variable usually used to represent the individual
data values

n represents the number of values in a sample

N represents the number of values in a population
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Notation
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X is pronounced ‘x-bar’ and denotes the mean of a set
of sample values
X

n

M is pronounced ‘mu’ and denotes the mean of all values
in a population

XX

H:N
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Definitions

«* Median

the middle value when the original
data values are arranged in order of
increasing (or decreasing) magnitude

+%* often denoted by X (pronounced ‘x-tilde’)

+* is not affected by an extreme value
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Finding the Median .,

<+ If the number of values is odd, the
median is the number located in the

exact middle of the list

«+If the number of values is even, the
median is found by computing the
mean of the two middle numbers

5.40 1.10 042 0.73 048 1.10 Slide 8

0.42 0.48 0.73 1.10 1.10 5.40

[
(even number of values — no exact middle
shared by two numbers)

073+110 MEDIAN is 0.915

2

5.40 1.10 0.42 0.73 048 1.10 0.66

042 048 0.66 0,73 1.10 1.10 5.40
(in order - odd number of values)

exact middle MEDIAN is 0.73
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Definitions

“ Mode
the value that occurs most frequently

The mode is not always unique. A data set may be:
Bimodal
Multimodal
No Mode

% denoted by M

the only measure of central tendency that
can be used with nominal data
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Examples ..

a. 5.40 1.10 0.42 0.73 0.48 1.10 SMode is 1.10
b. 27 27 27 55 55 55 88 88 99 <Bimodal - 27 & 55
C.12367809 10 <“No Mode
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% Midrange

the value midway between the highest
and lowest values in the original data

set
highest score + lowest score

2

Midrange =

Definitions

Round-off Rule for e
Measures of Center

Carry one more decimal place than is
present in the original set of values
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Mean from a Frequency
Distribution

Assume that in each class, all sample
values are equal to the class
midpoint
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Mean from a Frequency
Distribution

use class midpoint of classes for variable x
_ 2(f-x)

X = Formula 2-2

T f

X = class midpoint
f =frequency

>f=n
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Weighted Mean Slide 15

In some cases, values vary in their degree of
importance, so they are weighted accordingly

o _XZ(weXx)
T Ty w
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Best Measure of Center
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LU L] Comparison of Mean, Median, Made, and Midrange
Takes
Every Affected by | Advantages
Measure How Value into | Extreme and
of Conter | Definition Comman? | Existence Account? | Values? | Disacvantages
= |
Mean |E== et always yes yes | used throughout
A, famsliar exists | this boak; warks
“average” well with many
l satistical methods.
Median | middie value commonly | ahways o no often a good choice
used exists i there are some
extreme values
Morde | mast frequent | sometimes | might not ] o appropriste for data
| data value used eaist; may be at the nominal level
mare than
one mode
| high + low
Midrange | hig 3 ranely ahways o yes wery sensitive
used exists | to extreme values
Coeneral commensy:
» Far . the maan, medan, mode, and midrange lend {0 be sbot
e vame
For W . - and macian
= The msan it relatterly roictie. That i, when Lemple. . the warmp ot emaen -
ahtent ol (comalent the freans of
vy aa much i the by ot of Cofiler).
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Definitions

% Symmetric
Data is symmetric if the left half of its

histogram is roughly a mirror image of
its right half.

+» Skewed

Data is skewed if it is not symmetric
and if it extends more to one side than
the other.

Copyright © 2004 Pearson Education, Inc.

Skewness  as.

Figure 2-11 L/N

i
Mode = Mean * Median

(b) Symmetric
TS

[T
f“"uzan—‘ LMr.-ds Mode— | ~Mean

Median Median
(@) Skewed to the Left (c) Skewed to the Right
(Negatively) (Positively)
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Measures of Variation ..,

Because this section introduces the concept
of variation, this is one of the most important
sections in the entire book
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Definition

The range of a set of data is the
difference between the highest
value and the lowest value

highest _  lowest
value value
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Definition
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The standard deviation of a set of
sample values is a measure of
variation of values about the mean
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Sample Standard
Deviation Formula

2 (X - X)?
n-1

S-=

Formula 2-4
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Sample Standard Deviation__
(Shortcut Formula)

n (Zx?) - (x)?
nn-1)

Formula 2-5
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Standard Deviation -
Key Points

“ The standard deviation is a measure of variation of
all values from the mean

“ The value of the standard deviation s is usually
positive

“ The value of the standard deviation s can increase
dramatically with the inclusion of one or more
outliers (data values far away from all others)

“ The units of the standard deviation s are the same as
the units of the original data values
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Population Standard

Definition

< The variance of a set of values is a measure of

variation equal to the square of the standard
deviation.

< Sample variance: Square of the sample standard
deviation s

< Population variance: Square of the population
standard deviation O
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Round-off Rule
for Measures of Variation

Carry one more decimal place than

is present in the original set of
data.

Round only the final answer, not values in
the middle of a calculation.

CUEXrighl@ 2004 Pearson Education, Inc.

. N Slide 25
Deviation
2
_ [E(x-W
o — N
This formulais similar to Formula 2-4, but
instead the population mean and population
size are used
Cw © 2004 Pearson Education, Inc.
Variance - Notation .,
standard deviation squared
2 Sample variance
Notation , _ _
o Population variance
COExrighl © 2004 Pearson Education, Inc.
Definition

The coefficient of variation (or CV) for a set of
sample or population data, expressed as a

percent, describes the standard deviation relative
to the mean

Sample Population

cv= 2 e100% cv= Ze100%
X p
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Standard Deviation froma
Frequency Distribution

Formula 2-6

n[Z(f «x )] - [Z(F - x)P
S= n(n-1)

Use the class midpoints as the x values
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Estimation of Standard Deviation -
Range Rule of Thumb _Slide31

For estimating a value of the standard deviation s,

Use Range
sy —
4

Where range = (highest value) — (lowest value)

Estimation of Standard Deviation -
Range Rule of Thumb o Slide32

For interpreting a known value of the standard deviation s,
find rough estimates of the minimum and maximum
“usual” values by using:

Minimum “usual” value & (mean) — 2 X (standard deviation)

Maximum “usual” value &~ (mean) + 2 X (standard deviation)

Copyright © 2004 Pearson Education, Inc

Copyright © 2004 Pearson Education, Inc.

Definition _
Slide 33

Empirical (68-95-99.7) Rule

For data sets having a distribution that is approximately

bell shaped, the following properties apply:

< About 68% of all values fall within 1 standard
deviation of the mean

< About 95% of all values fall within 2 standard
deviations of the mean

< About 99.7% of all values fall within 3 standard
deviations of the mean
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The Empirical Rule Slide 34

=— 68 L within —=
| standard
deviation

34 34

| H F+s

FIGURE 2-13

The Empirical Rule

- FIE within ——
£ standard deviations
+— &8 L within ==
I standard
deviation
34 39
135% 1351
F-2s F—s ; Fts F+is
FIGURE 2-13
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The Empirical Rule Slide 36

9974 of data are within
3 standard deviations of
the mean (¥ — 35 fo ¥ + 33}

F5% within
Z standard deviations
- E8% within —=
1 standard
deviation

1351

r—s x T+ *+2s ¥+3s

FIGURE 2-13
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Definition
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Chebyshev’s Theorem

The proportion (or fraction) of any set of data lying
within K standard deviations of the mean is always at
least 1-1/K2, where K is any positive number greater
than 1.

“ For K = 2, at least 3/4 (or 75%) of all values lie
within 2 standard deviations of the mean

« For K = 3, at least 8/9 (or 89%) of all values lie
within 3 standard deviations of the mean
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Rationale for Formula 2-4
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The end of Section 2- 5 has a detailed
explanation of why Formula 2- 4 is
employed instead of other possibilities
and, specifically, why n — 1 rather than
nis used. The student should study it
carefully
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Definition

< 7z Score (or standard score)

the number of standard deviations
that a given value x is above or below
the mean.

Measures of Position ..,
Z score

Sample Population

X-X Z:X__Ll
S o

Round to 2 decimal places
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Interpreting Z Scores ...

FIGURE 2-14
Unusual Vialues Ordinary Values Unusual Values
; ; ‘ : ;
-3 -2 -1 0 1 z 3

z

Whenever a value is less than the mean, its
corresponding z score is negative

Ordinary values: zscore between —2 and 2 sd
Unusual Values: zscore <-2or zscore>2sd
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Definition ..

< Q, (First Quartile) separates the bottom
25% of sorted values from the top 75%.

< Q, (Second Quartile) same as the median;
separates the bottom 50% of sorted
values from the top 50%.

< Q, (Third Quartile) separates the bottom
75% of sorted values from the top 25%.
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Quartiles

Q11 Q21 QS

divides ranked scores into four equal parts
| 25%, 25%, 25%, 25%,
I I I I 1

(minimum) Ql Q2 Q3(ma><|mum)

(median)
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Percentiles

Just as there are quartiles separating data
into four parts, there are 99 percentiles
denoted Py, P,, . . . Pgg, which partition the
data into 100 groups.
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Finding the Percentile
of a Given Score

X number of values less than x
Percentile of value x = « 100

total number of values
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Converting from the
kth Percentile to the
Corresponding Data Value
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Notation
N total number of values in the data set
L _ k n k percentile being used
- 100 L locator that gives the position of a value

P, kth percentile

CUEXrighl@ 2004 Pearson Education, Inc.

? Converting
Slide 47

= from the
et kth Percentile
S to the

e Corresponding

Data Value

The wotue of the kth percentis
s 8 midwary berwwen the Lth value
L & whele Tei e the nast vakes in the sorted

Tha vala of F i the Figure 2-15
Lith valken, coumting from
e
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Some Other Statistics
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% Interquartile Range (or IQR): Q;- Q,

“ Semi-interquartile Range: Q:-Q
2
< Midquartile: Q:*Qu

2
< 10 - 90 Percentile Range: P, - P,
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Definition

“ Exploratory Data Analysis is the
process of using statistical tools (such
as graphs, measures of center, and
measures of variation) to investigate
data sets in order to understand their
important characteristics
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Definition

“ An outlier is a value that is located very
far away from almost all the other
values
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Important Principles ..

<+ An outlier can have a dramatic effect on the
mean

«» An outlier have a dramatic effect on the
standard deviation

« An outlier can have a dramatic effect on the
scale of the histogram so that the true
nature of the distribution is totally
obscured
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Definitions

< For a set of data, the 5-number summary consists
of the minimum value; the first quartile Q,; the
median (or second quartile Q,); the third quartile,
Q,; and the maximum value

< A boxplot (or box-and-whisker-diagram) is a
graph of a data set that consists of aline
extending from the minimum value to the
maximum value, and a box with lines drawn at the
first quartile, Q,; the median; and the third
quartile, Qg
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Boxplots
Minimum (:-‘Iu Median Q3 Maximum
4 1 + + +
o 8510 15 i
L I I ] |
I I I 1
0 100 200 300 400 500

Cotinine Level of Smokers

Figure 2-16
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Boxplots

N T

Bell-shaped Uniform Skewed

Figure 2-17
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