Statistics

PU Zhengning



What Is Statistics

Chapter 1




BT, X ERMERZFFAANXE, R, =t FEFEIELHE FrEE
LHEERE. XETRZXHINAFEGZ G, T RRBZESERE TR, RIS ELFTEEL
REEYE. BENHBEC, CHEFEETERLK, XELZEIFW, BIEEUEEIEK &
HHIFATIRG, BHEHAEHEY), THIREEIEX,

EZXGIEAL T, RE—TARIFETLLLHEHH. 171,

RABLH G THAIRIEIGLL, XFTREREEFEHTHER, MAHE XX HEBXT
EITATEREZH.

AITFII X BHIA FEFIERRUUL I T, REIAFRIG, L T BAIEFEL . XETESE,
B EEXEHREEE, REX MEBRNOMKE. THEM. ESEXH, IANXLTH
1 IRBF R 177 B B,

AT T SFXLFRHATTIEE. 7K RE——FTELHF

“ERBRIXFE, FETTEEE— o XA MER, HARRTARE. (FEB) EI5F
T ExXEFRZEZREN =R BEERE. £FE. HFEF. x7 EA JNBE FE. L.
Ytea. A B, F KRHOER., RANSTFEUBENRE CSAGEFENERSE

I AECEN f_’_fo

TAMCERRENGE B TERERE BARRITTEE, M—E. —AF—2%, —ERFL—F BREE LR
REBRRER, AESSEAN., EEFERBILUN—TXR

— T Xh, KEE—NERNABETE, REA

avee R. GRENON, FLREA FLPEES EBHEL, TEAMTR (TEEE FILE
Y. e SR SO W B, It HEEBETIL. EA FHILEY BEXZD, £2 0RE558E

TR F T ERFTEH, LI TH LA RXBIR BT, BT SBEa I 717,
BEHE, TEHEI - BRFESNER T E MY, SMERY TRt —EEH
7. HTEBREST T, XL G BB

--DEE (ERETHARR)Y FHE R TER KPS —HEENEIHSE



) ExfitAAE
, 5N EZ it
- b 4
TRE Ak 18IS F
) - o BaEE A E AR E
- % = =
3 5 FXIFH \_
FRRt BT ) 235 FREIIR
IRF-EIRE ( FEAF TR R

jGig |
X-RAIR TR TR

'
5T [ , AR
) () P ¢ % FE
> e HaE

FERFE-RILE

4
i3
1]

FREE B R

it

2k AR PR B
TRHARA

) FEAF-EHE

BYBE O

EERAEL
@ FEAE-DER
FERT

Aomgram  HRERE

i3 KEXFE
(MR LX)



(Quetelet,1796—1874) (John Snow, 1813-1858) (Karl Prarson,1857-1936) (Ronald Fisher, 1890-1962)
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GOALS

* Understand why we study statistics.

* Explain what 1s meant by descriptive statistics
and Inferential statistics.

* Distinguish between a qualitative variable and a
quantitative variable.

* Describe how a discrete variable is different
from a continuous variable.

* Distinguish among the nominal, ordinal,
iInterval, and ratio levels of measurement.



What 1s Meant by Statistics?

Statistics1s the science of collecting,
organizing, presenting, analyzing,
and interpreting numerical data to
assist In making more effective
decisions.



Who Uses Statistics?

Statistical technigues are used
extensively by marketing,
accounting, quality control,
consumers, professional sports
people, hospital administrators,
educators, politicians, physicians,
etc...



Types of Statistics — Descriptive Statistics

Descriptive Statistics - methods of organizing,
summarizing, and presenting data in an
Informative way.

EXAMPLE 1: A Gallup poll found that 49% of the people in a survey knew the name of the
first book of the Bible. The statistic 49 describes the number out of every 100 persons
who knew the answer.

EXAMPLE 2: According to Consumer Reports, General Electric washing machine owners
reported 9 problems per 100 machines during 2001. The statistic 9 describes the
number of problems out of every 100 machines.

Inferential Statistics: A decision, estimate, |
prediction, or generalization about a population,
based on a sample.



Population versus Sample

A population is a collection of all possible individuals, objects, or
measurements of interest.

A sample is a portion, or part, of the population of interest

Population Sample

All items ltemns selected
from the population
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Types of Variables

A. Qualitative or Attribute variable - the
characteristic being studied I1s nonnumeric.

EXAMPLES: Gender, religious affiliation, type of automobile owned,
state of birth, eye color are examples.

B. Quantitative variable - iInformation Is reported
numerically.

EXAMPLES: balance in your checking account, minutes remaining in
class, or number of children in a family.



Quantitative Variables - Classifications

Quantitative variables can be classified as either discrete
or continuous.

A. Discrete variables: can only assume certain values and
there are usually "gaps” between values.

EXAMPLE: the number of bedrooms in a house, or the number of hammers sold at the local
Home Depot (1,2,3,,etc).

B. Continuous variable can assume any value within a
specified range.

EXAMPLE: The pressure in a tire, the weight of a pork chop, or the height of students in a class.



summary of Types of Variables

Types of Variables

Qualitative

Quantitative

* Brand of PC
» Marital status
* Hajr color

Discrete

Continuous

= Children in a family
= Strokes on a golf hole
= TV sets owned

* Amount of income
tax paid

= Weight of a student

= Yearly rainfall in
Tampa, FL

CHART 1-2 Summary of the Types of Variables




Four Levels of Measurement

Nominal level - data that is classified into
categories and cannot be arranged in any
particular order.

EXAMPLES: eye color, gender, religious affiliation.

Ordinal level - involves data arranged in some
order, but the differences between data values
cannot be determined or are meaningless.

EXAMPLE: During a taste test of 4 soft drinks, Mellow
Yellow was ranked number 1, Sprite number 2,

Seven-up number 3, and Orange Crush number 4.

Interval level - similar to the ordinal level, with the
additional property that meaningful amounts of
differences between data values can be
determined. There is no natural zero point.

EXAMPLE: Temperature on the Fahrenheit scale.

Ratio level - the interval level with an inherent
zero starting point. Differences and ratios are
meaningful for this level of measurement.

EXAMPLES: Monthly income of surgeons, or

distance traveled by manufacturer’s
representatives per month.



Ssummary of the Characteristics for Levels of
Measurement

Lewvels of Measurement
I
| I | |
Nominal Ordinal Interval Ratio
Data may only be Data are ranked Meaningful difference Meaningful 0 point and

classified between values ratio between values

+ Jersey numbers # Your rank in class # Temperature * Number of patients
of foothall players # Team standings in # Dress size seen
* Make of car the Pac-10 * Number of sales
calls made
+ [istance to class

CHART 1-2 Summary of the Charactenistics for Levels of Measurement



End of Chapter 1



Describing Data:
Frequency Tables, Frequency
Distributions, and Graphic Presentation

Chapter 2
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GOALS

*Organize qualitative data into a frequency table.
‘Present a frequency table as a bar chart or a pie
chart.

*Organize quantitative data into a frequency
distribution.

*Present a frequency distribution for quantitative data
using histograms, frequency polygons, and
cumulative frequency polygons.
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Ms. Kathryn Ball of AutoUSA
wants to develop tables, charts,

and graphs to show the typ|ca| TABLE 2-4 Prices of Vehicles Sold Last Month at Whitner Autoplex
selling price on various dealer Lowest
lots. The table on the right $23197  $23372  $20454 23,591 $26,651 $27,453 $17,266
reports only the price of the 80 18,021 28,683 30,872 19,587 23,169 35,851 19,251
vehicl Id last month 20,047 24,285 24,324 24,609 28,670 [15,546) 15,935
eh_c es sold ?St onth at 19,873 25,251 25,277 28,034 24,533 27,443 19,889
Whitner Autoplex. 20,004 17,357 20,155 19,688 23,657 26,613 20,895
20,203 23,765 25,783 26,661 32,277 20,642 21,981
24,052 25,799 15,794 18,263 17,399 17,968
20,356 21,442 21,722 19,331 22,817 19,766 20,633
20,962 22,845 26,285 27,896 29,076 32,492 18,890
21,740 22,374 24,571 25,449 28,337 20,642 23,613
24,220 30,655 22,442 17,891 20,818 26,237 20,445
21,556 21,639 24,296

Highest




Frequency Table

FREQUENCY TABLE A grouping of qualitative data into mutually exclusive classes
showing the number of observations in each class.

TABLE 2-1 Frequency Table for Vehicles Sold at Whitner Autoplex Last Month

Car Type Number of Cars |

Domestic 50
Foreign 30



Relative Class Frequencies

* Class frequencies can be converted to relative class
frequencies to show the fraction of the total
number of observations in each class.

* A relative frequency captures the relationship
between_a class total and the total number of
observations.

TABLE 2-2 Relative Frequency Table of Vehicles Sold By Type At Whitner Autoplex Last
Month

| Vehicle Type Number Sold Relative Frequency
Domestic 50 0.625
Foreign 30 0.375

Total 80 1.000



Bar Charts

BAR CHART A graph in which the classes are reported on the horizontal axis
and the class frequencies on the vertical axis. The class frequencies are
proportional to the heights of the bars.

G0
50
40
30
20
10

Mumber Sold
{Class frequency)

Foreign Domestic

Car Typa
(Variable of interest)

CHART 2-1 Vehicle Sold by Type Last Month At Whitner Autoplex



Pie Charts

PIE CHART A chart that shows the proportion or percent that each class
represents of the total number of frequencies.

Amount

Use of Sales ($ million)
Prizes 1,276.0
Payments to Education 6448.1
Bonuses/Commissions 1328
Operating Expenses 97.7
Total 2,154.6

Percent
of Share

59
30
6
5

100

e Operating Expenses
Commissions ~ 95% [0%

89%\

75% [ Education 250,

59%
50%

CHART 2-2 Pie Chart of Ohio Lottery Expenses in 2004




Pie Chart Using Excel
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Frequency Distribution

Selling Prices
($ thousands)

15 up to 18
18 up to 21
21 up to 24
24 up to 27
27 up to 30
30 up to 33
33 up to 36

Total

Frequency

8
23
17
18

8

4

2z

80

A Frequency
distribution 1s a
grouping of data Into
mutually exclusive
categories showing
the number of
observations In each
class.



Frequency Distribution

Class midpoint: A point that divides a class
Into two equal parts. This Is the average of
the upper and lower class limits.

Class frequency: The number of
observations In each class.

Class interva!: The class int.er\./al IS obtained
oy subtracting the lower limit of a class
from the lower limit of the next class.




EXAMPLE — Creating a Frequency Distribution Table

Ms. Kathryn Ball of AutoUSA
wants to develop tables, charts,

and graphs to show the typ|ca| TABLE 2-4 Prices of Vehicles Sold Last Month at Whitner Autoplex
selling price on various dealer Lowest
lots. The table on the right $23197  $23372  $20454 23,591 $26,651 $27,453 $17,266
reports only the price of the 80 18,021 28,683 30,872 19,587 23,169 35,851 19,251
vehicles sold last month at 20,047 24,285 24,324 24,609 28,670 [15,546) 15,935
: 19,873 25,251 25,277 28,034 24,533 27,443 19,889
Whitner Autoplex. 20,004 17.357 20,155 19,688 23,657 26,613 20,895
20,203 23,765 25,783 26,661 32,277 20,642 21,981
24,052 25,799 15,794 18,263 17,399 17,968
20,356 21,442 21,722 19,331 19,766 20,633
20,962 22,845 26,285 27,896 32,492 18,890
21,740 22,374 24,571 25,449 20,642 23,613
24,220 30,655 22,442 17,891 26,237 20,445
21,556 21,639 24,296

Highest




Constructing a Frequency Table - Example

* Step 1: Decide on the number of classes.

A useful recipe to determine the number of classes (4) Is the
“2 to the krule.” such that 2> n.

There were 80 vehicles sold. So n = 80. If we try & = 6, which means

we would use 6 classes, then 26 = 64, somewhat less than 80. Hence,
6 is not enough classes. If we let &k =7, then 27 128, which is greater

than 80. So the recommended number of classes is 7.

* Step 2: Determine the class interval or width.

The formula is: 7 = (H-L)/kwhere /1s the class interval, /is the
highest observed value, £ is the lowest observed value, and k&
Is the number of classes.

($35,925 - $15,546)/7 = $2,911

Round up to some convenient number, such as a multiple of 10 or
100. Use a class width of $3,000



Constructing a Frequency Table - Example

* Step 3: Set the individual class limits

$15,000 up to 18,000
18,000 up to 21,000
21,000 up to 24,000
24,000 up to 27,000
27,000 up to 30,000
30,000 up to 33,000
33,000 up to 36,000




Constructing a Frequency Table

Class

$15,000 up to $18,000
$18,000 up to $21,000
$21,000 up to $24,000
$24,000 up to $27,000
$27,000 up to $30,000
$30,000 up to $33,000
$33,000 up to $36,000

Selling Prices
($ thousands)
15 up to 18
18 up to 21
21 up to 24
24 up to 27
27 up to 30
30 up to 33
33 up to 36

Total

Frequency

8
23
17
18

8

4

2

80

* Step 4: Tally the vehicle
selling prices into the classes.

* Step 5: Count the number of
items in each class.



Relative Frequency Distribution

To convert a frequency distribution to a relative frequency
distribution, each of the class frequencies is divided by the
total number of observations.

TABLE 2-8 Relative Frequency Distribution of the Prices of Vehicles Sold Last Month at
Whitner Autoplex

Selling Price Relative

($ thousands) Frequency Frequency Found by
15 up to 18 8 0.1000 --————— 8/80
18 up to 21 23 0.2875 23/80
21 up to 24 17 0.2125 17/80
24 up to 27 18 0.2250 18/80
27 up to 30 8 0.1000 8/80
30 up to 33 4 0.0500 4/80
33 up to 36 2 0.0250 2/80

Total 80 1.0000



Graphic Presentation of a Freguency
Distribution

The three commonly used graphic forms
dalre.
* Histograms
* Frequency polygons
* Cumulative frequency distributions



Histogram

Histogram for a frequency distribution based on
guantitative data is very similar to the bar chart showing the
distribution of qualitative data. The classes are marked on
the horizontal axis and the class frequencies on the vertical
axis. The class frequencies are represented by the heights
of the bars.
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CHART 2-4 “il-.il:l,'_;r:ni] of the Hi_‘”i[];_; Prices of 80 Vehicles at Whitner \||irl|]|1_'\



Histogram Using Excel
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Freguency Polygon

* A frequency polygon Selling Price
also shows the sha pe of ($ thousands) Midpoint Frequency
a distribution and is 15up o 18 16.5 E
. | t h t 18 up to 21 19.5 23
similar to a histogram. 21 up to 24 00 5 17
24 up to 27 25.5 18
27 up to 30 28.5 8
. . . 30 up to 33 31.5 4
It consists of line 33 up to 36 345 2
segments connecting the Total 30
points formed by the
Intersections of the class “|
midpoints and the class g w0t
frequencies. Eaf N
10 - p \\“\..___

.___‘--.
— i
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135 165 195 225 255 285 M5 M5 IT5  d05
Selling price (S000)

CHART 2-5 Frequency Polyzon of the Selling Prices of 50 Vehicles at Whitner Autoplex




Cumulative Frequency Distribution

TABLE 2-9 Cumulative Frequency Distribution for Vehicle Selling Price

Selling Price
($ thousands)

15upto 18
18 up to 21
21 upto 24
24 up to 27
27 up to 30
30 up to 33
33 upto 36

Total

Frequency

8
23
17
18

8

4

2

80

Cumulative
Frequency Found by
8
31 --=—8+23
48 8+ 23+ 17
66 8+23+17 + 18
74 :
78
80



Cumulative Frequency Distribution

80 » 100
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—
15 18 21 24 27 30 HE 36
Selling Price ($000)

CHART 2-7 Cumulative Frequency Distribution for Vehicle Selling Price



End of Chapter 2



Describing Data:
Numerical Measures

Chapter 3




GOALS

 Calculate the arithmetic mean, weighted mean, median,
mode, and geometric mean.

* Explain the characteristics, uses, advantages, and
disadvantages of each measure of location.

* Identify the position of the mean, median, and mode for
both symmetric and skewed distributions.

« Compute and interpret the range, mean deviation,
variance, and standard deviation.

« Understand the characteristics, uses, advantages, and
disadvantages of each measure of dispersion.

« Understand Chebyshev’s theorem and the Empirical
Rule as they relate to a set of observations.



Characteristics of the Mean

The arithmetic mean 1s the most widely used
measure of location. It requires the interval
scale. Its major characteristics are:

* All values are used.
* |t Is unique.
* The sum of the deviations from the mean is 0.

* |t I1s calculated by summing the values and dividing
by the number of values.



Population Mean

For ungrouped data, the population mean Is the
sum of all the population values divided by the
total number of population values:

p
‘ POPULATION MEAN p = N [3-1]
AN

i represents the population mean. It is the Greek lowercase letter “mu.”
N is the number of values in the population.

X represents any particular value.

> is the Greek capital letter “sigma” and indicates the operation of adding.
2.X is the sum of the X values in the population.



EXAMPLE — Population Mean

There are 12 automobile manufacturing companies in the United States. Listed
below is the number of patents granted by the United States government to each
company in a recent year.

Number of Number of
Company Patents Granted Company Patents Granted
General Motors 511 Mazda 210
Nissan 385 Chrysler 97
DaimlerChrysler P Porsche 50
Toyota 257 Mitsubishi 36
Honda 249 Volvo 23
Ford 234 BMW 13

Is this information a sample or a population? What is the arithmetic mean number
of patents granted?

ZX _ J11+385+275+..+36+23+13 2340
N 12 12

= =195



Sample Mean

* For ungrouped data, the sample mean is the
sum of all the sample values divided by the
number of sample values:

y ~

| - EX 1
SAMPLE MEAN X === [3-2]

.

where:
X is the sample mean. It is read "X bar.”
n is the number of values in the sample.



EXAMPLE — Sample Mean

SunCom is studying the number of minutes used monthly by clients in a particular
cell phone rate plan. A random sample of 12 clients showed the following number
of minutes used last month.

90 7 94 89 119 112
91 110 92 100 113 83

What is the arithmetic mean number of minutes used?

X 99+77+94+..4+100+113+83 1170
n 12 12



Properties of the Arithmetic Mean

Every set of interval-level and ratio-level data has a mean.

All the values are included in computing the mean.

A set of data has a unique mean.

The mean Is affected by unusually large or small data values.

The arithmetic mean is the only measure of central tendency where
the sum of the deviations of each value from the mean is zero.
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Welghted Mean

* The weighted mean of a set of numbers X;,
X5, ..., X, with corresponding welights w;,
W,, ..., 1S computed from the following
formula:

= w. X, + w. X, + wXo +- - +wX
WEIGHTED MEAN X = 1 L 3/\3 n’\n
" w, + W, +wy+---+w,

N
[3—31J




EXAMPLE — Weighted Mean

The Carter Construction Company pays its hourly
employees $16.50, $19.00, or $25.00 per hour.
There are 26 hourly employees, 14 of which are paid
at the $16.50 rate, 10 at the $19.00 rate, and 2 at the
$25.00 rate. What is the mean hourly rate paid the
26 employees?

¥ - 14($16.50)+10($19.00) + 2($26.00)
14 +10 + 2

W

_ $471.00
26

=$18.1154




The Median

* The Median is the midpoint of the values
after they have been ordered from the

smallest to the largest.
* There are as many values above the median as below
It In the data array.

* For an even set of values, the median will be the
arithmetic average of the two middle numbers.



Properties of the Median

* There I1s a unigue median for each data set.

* |t IS not affected by extremely large or small
values and is therefore a valuable measure
of central tendency when such values occur.

* |t can be computed for ratio-level, interval-
level, and ordinal-level data.

* |t can be computed for an open-ended
frequency distribution If the median does
not lie In an open-ended class.



EXAMPLES - Median

The ages for a sample of

five college students are:

21, 25,19, 20, 22

Arranging the data in
ascending order gives:

19, 20, 21, 22, 25.

Thus the median is 21.

The heights of four
basketball players, In
Inches, are:

76, 73, 80, 75

Arranging the data in
ascending order gives:

73, 75, 76, 80.

Thus the median is 75.5



F+z10.4 EhERKEEREKRER (2013, REAKFESA)

& 15 [=hte) A s hEEASR fERASR hEEAR AR
TR (A 1000 200 200 200 200 200
FiagFeikmE (%) 55.2 476 49.0 53.8 59.7 67.1
FiyE—aillERIBAZ (AD 1.81 2.10 2.04 1.86 1.67 1.49
aIEEM A (T) 43 851 20766 30 221 36 989 48 141 87 676
T M 28518 12500 16 448 21127 30 659 62 797
ZEFWN 2317 914 1529 903 1823 7 637
WA= I A 788 141 259 524 1167 3020
SRR 12 228 7211 11 985 14 435 14 492 14 222
: REEVSERE 10 598 6 261 11 548 13 494 12 811 g 802
HEEL () 28 155 16 210 19263 24325 33183 50218
BE M 9823 7523 3513 9784 10 806 12 901
* & 2032 1266 1128 1531 2263 4155
B 2848 1448 1991 2672 3611 4779
FEEERAREES 1706 794 1123 1812 1921 3038
ZBANAE 4736 1646 2148 3257 6 477 10 817
TEIRTHRRRS 4122 2172 2135 2 965 4614 g 172
EITRE 1350 902 1283 1203 1590 1854
E i RInES 1538 459 942 1101 1901 3502
T HENG (%) 64.2 78.1 63.7 65.8 68.9 57.3

ERRERS (9 349 46.4 442 40.2 326 257




The Mode

* The mode Is the value of the observation that
appears most frequently.

400

G2
Q
o

200

e I

Amor  Lamoure Soothing Smell Nice Far Out

f

Mode Bath oil

Number of Responses

o

CHART 3-1 Number of Respondents Favoring Various Bath Oils



Example - Mode

The annual salaries of quality-control managers in selected states are shown below.
What is the modal annual salary?

State Salary State Salary State Salary
Arizona $35,000 lllinois $58,000 Ohio $50,000
California 49,100 Louisiana 60,000 Tennessee 60,000
Colorado 60,000 Maryland 60,000 Texas 71,400
Florida 60,000 Massachusetts 40,000 West Virginia 60,000
Idaho 40,000 New Jersey 65,000 Wyoming 55,000

A perusal of the salaries reveals that the annual salary of $60,000 appears more
often (six times) than any other salary. The mode is, therefore, $60,000.



Mean, Median, Mode Using Excel

Table 2—4 in Chapter 2 shows the prices of the 80 vehicles sold last month at Whitner Autoplex in
Raytown, Missouri. Determine the mean and the median selling price. The mean and the median

selling prices are reported in the following Excel output. There are 80 vehicles in the study. So the
calculations with a calculator would be tedious and prone to error.

TABLE 2-4 Prices of Vehicles Sold Last Month at Whitner Autoplex

Lowest
§23,197 823,372 520,454 $23,591 $26,651 827,453 $17,266
18,021 28,683 30,872 19,587 23,169 35,851 19,251
20,047 24,285 24,324 24,609 28,670 15,546 15,935
19,873 25,251 25,277 28,034 24,533 27,443 19,889
20,004 17,357 20,155 19,688 23,657 26,613 20,895
20,203 23,765 25,783 26,661 32,277 20,642 21,981
24,052 25,799 15,794 18,263 17,399 17,968
20,356 21,442 21,722 19,33 19,766 20,633
20,962 22,845 26,285 27,896 32,492 18,890
21,740 22,374 24,571 25,449 20,642 23,613
24,220 30,655 22 442 17,891 26,237 20,445
21,556 21,639 24,296

Highest



Mean, Median, Mode Using Excel
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The Relative Positions of the Mean, Median and
the Mode

Skewed 1o the right
{positively skewed)

Frequency

Skewed to

zero skewness
mode = median = mean

X

| ey

Mode Medlan Mean
$300 $500 $700

Frequency

X

" / | e
positive skewness Strength
Mean  Medan Mode

2,600 2,800 3,000

mode < median < mean
negative skewness
mode > median > mean



The Geometric Mean

* Useful In finding the average change of percentages, ratios, indexes, or
growth rates over time.

* It has a wide application in business and economics because we are
often interested in finding the percentage changes in sales, salaries, or
economic figures, such as the GDP, which compound or build on each
other.

* The geometric mean will always be less than or equal to the arithmetic
mean.

* The geometric mean of a set of 1 positive numbers is defined as the nth
root of the product of n values.

* The formula for the geometric mean is written:

M =00 - (X, 641



EXAMPLE — Geometric Mean

SUPPOSEe you recelve a 5 percent increase In salary
this year and a 15 percent increase next year.
The average annual percent increase is 9.880,
not 10.0. Why is this so? We begin by calculating
the geometric mean.

GM =./(105)(115) = 109886



EXAMPLE — Geometric Mean (2)

The return on investment earned by Atkins
construction Company for four successive years
was: 30 percent, 20 percent, -40 percent, and

200 percent. What Is the geometric mean rate of
return on investment?

GM =4/(13)(12)(06)(30) =4/2808 =1294



Dispersion

Why Study Dispersion?

* A measure of location, such as the mean or the median, only describes
the center of the data. It is valuable from that standpoint, but it does not
tell us anything about the spread of the data.

* For example, If your nature guide told you that the river ahead averaged
3 feet In depth, would you want to wade across on foot without
additional information? Probably not. You would want to know
something about the variation in the depth.

* A second reason for studying the dispersion in a set of data Is to
compare the spread in two or more distributions.



Samples of Dispersions
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CHART 3-5 Histogram of Years of Emplovment at Hammond Iron Works, Inc. CHART 3-6 Hourly Production of Computer Monitors at the Baton Rouge and Tucson Plants



Measures of Dispersion

[ J
Ra nge iHAMGE Range = Largest value — Smallest value [3-5])

* Mean Deviation

-

| MEAN DEVIATION D = X=X IS—?IJ
n
L

* Variance and Standard Deviation

.
(PDPULATIDH VARIANCE g2 = 2X ;; w? [3-8]
p

P

i — 2
POPULATION STANDARD DEVIATION o= \;' X N 2 [S—Q]J
hS




EXAMPLE — Range

The number of cappuccinos sold at the Starbucks location in the
Orange Country Airport between 4 and 7 p.m. for a sample of 5 days
last year were 20, 40, 50, 60, and 80. Determine the mean deviation
for the number of cappuccinos sold.

Range = Largest — Smallest value
=80-20=60



EXAMPLE — Mean Deviation

The number of cappuccinos sold at the Starbucks location in the
Orange Country Airport between 4 and 7 p.m. for a sample of 5 days
last year were 20, 40, 50, 60, and 80. Determine the mean deviation
for the number of cappuccinos sold.

Number of Gappuccinos Sold Daily (X-X) Absolute Deviation

20 (20 — 50) = —30 30
40 (40 — 50) = —10 10
a0 (50 — 50) = 0 0
G0 (60 — 50) = 10 10
a0 (80 — 50) = 30 @

Total 80

T|X -X| 80
MD = | | = = 16

n 5



EXAMPLE — Variance and Standard Deviation

The number of traffic citations issued during the last five months in
Beaufort County, South Carolina, 1s 38, 26, 13, 41, and 22. What is the
population variance?

Number
(X) X—p (X — p)?
38 +10 100
26 —2 4
SX 14
13 —-15 225 p=r= 50 — 28
41 +13 169
22 —6 36
i il — )2 4
140 0* 534 o2 = =& - W _ 52 = 106.8




EXAMPLE — Sample Variance

The hourly wages for a
sample of part-time -SQMPLE VARIANCE 32=M (3-10]
employees at Home | n—1
Depot are: $12, $20,

$16, $18, and $19.
. Hourly Wage
What Is the sample (X) X-X =02
variance? 312 5 25
20 3 9
16 -1 1
18 1 1
L _c 4
$85 0 40
2= =X = XP _ 40

n-1  5-1
= 10 in dollars squared



Chebyshev's Theorem

The arithmetic mean biweekly amount contributed by the Dupree
Paint employees to the company’s profit-sharing plan is $51.54,
and the standard deviation is $7.51. At least what percent of the
contributions lie within plus 3.5 standard deviations and minus 3.5
standard deviations of the mean?

CHEBYSHEV'S THEOREM For any set of observations (sample or population), the
proportion of the values that lie within k standard deviations of the mean is at
least 1 — 1/k?, where k is any constant greater than 1.




The Empirical Rule

rEMPIRIGAL RULE For a symmetrical, bell-shaped frequency distribution,
approximately 68 percent of the observations will lie within plus and minus
one standard deviation of the mean; about 95 percent of the observations will lie
within plus and minus two standard deviations of the mean; and practically all
k[E!*Ef.? percent) will lie within plus and minus three standard deviations of the mean. )

| |
! | | ] !
70 80 90 100 110 120 130
l~— 689%—*
fe———959%
99.7%

T

CHART 3-7 A Symmetrical, Bell-Shaped Curve Showing the Relationships between the
Standard Deviation and the Observations



The Arithmetic Mean of Grouped Data

[ARITHMETIC MEAN OF GROUPED DATA X=—

=T
n

[3-1 2]}

where:
X
M
f
M

is the designation for the sample mean.
is the midpoint of each class.
is the frequency in each class.

is the frequency in each class times the midpoint of the class.

2fM is the sum of these products.

n

is the total number of frequencies.



The Arithmetic Mean of Grouped Data - Example

Recall in Chapter 2, we
constructed a frequency
distribution for the vehicle
selling prices. The
Information Is repeated Selling Prices
below. Determine the |_(8 thousands) Froquency |

. . . 15 up to 18 8
arlthmetl_c mean vehicle 18 up to 21 23
selling price. 21 up to 24 17

24 up to 27 18
27 up to 30 8
30 up to 33 4
33 up to 36 2

Total 80




The Arithmetic Mean of Grouped Data - Example

Selling Price
($ thousands) Frequency (f) Midpoint (M) m
15upto 18 8 $16.5 $ 132.0
18 up to 21 23 19.5 448.5
21 up to 24 17 22.5 3825
24 up to 27 18 25.5 459.0
27 up to 30 8 28.5 228.0
30 up to 33 4 31.5 126.0
33 up to 36 2 34.5 69.0
Total 80 $1,845.0

Solving for the arithmetic mean using formula (3-12), we get:

S $1,845

?:
n 80

= $23.1 (thousands)



Standard Deviation of Grouped Data

— Y\
[STANDARD DEVIATION, GROUPED DATA s = \II/E{(:J_ 1X) [3-1 3]]

where:
s Is the symbol for the sample standard deviation.
M i1s the midpoint of the class.
f is the class frequency.
n is the number of observations in the sample.
X is the designation for the sample mean.



Standard Deviation of Grouped Data - Example

Refer to the frequency distribution for the Whitner Autoplex data
used earlier. Compute the standard deviation of the vehicle selling

prices
Selling Price B B B
($ thousands) Frequency (f) Midpoint (M) (M- X) (M- X)? (M- X)?
15upto18 8 16.5 —6.6 43.56 346.48
18 up to 21 23 19.5 -3.6 12.96 298.08
21 up to 24 17 22.5 -0.6 0.36 6.12
24 up to 27 18 25.5 2.4 5.76 103.68
27 up to 30 8 28.5 5.4 29.16 233.28
30 up to 33 4 31.5 8.4 70.56 282.24
33 up to 36 2 34.5 11.4 129.96 259.92
80 1,531.80

[SAM — X)? _ [1531.8

s=\T 7 =g =1 = 4408




End of Chapter 3



