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Objectives

¥ Calculate the mean median and made

Caiculate the moving average for @ dala sef

Calculate the wesghted mean

Oeling 8 measwre of cential lendancy

Demonsiraie undersianding of the concept of mean, median, and mode
Demonstrale understanding of the concept of sample means
Determéne the most appropnate measure of center

= . . sngs ol wit Boan e 2 i
Estimate the average of a frequency distribution

» » » % % » » #»

Find a data value using the mean
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Measures of Location

Frequency distributions, bar charts, pie charts, and histograms can be informative visual tools for examining the big picture when analyzing data. But
there is a lack of exactness in the language that we use to describe these graphs. Suppose we say that one data set is more compact than another. This
only leads to the question, How much more compact is 1t? Graphical analysis is ill-equipped to answer that question precisely.
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> Location: Where is the center of the data?

> Dispersion: Are the data widely scattered or tightly grouped around
the central value?

> Shape: Are the data spread symmetrically about the central value?
Are the data unbalanced or skewed (e.g., are the values much larger
than the mean, but not much smaller)?

> Are there outliers (values that are drastically different from the
mean) in the data?

> Do the data tend to cluster in several groups?
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Different types of measurements will be developed for each of the

attributes listed. For example, the mean (average) and the median measure

the location or central tendency of a data set. Both of these statistical
 measures are trying to tell us something about the location of the middle
of the data, but they use different ideas for defining that notion of middle.

From the morning paper to the evening news, general concepts are
translated into specific statistical measures. Some examples are listed
~ below.

> The proportion of United States residents earning below the poverty
level was 14.3% in 2009.

Source: U.S. Census Bureau
> The median price of new homes sold in 2009 was $216,700.
Source: U.S. Census Bureau

> The average hourly manufacturing wage in the U.S. in 2010 was
$18.90.

Source: U.S. Department of Labor
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Such measures are examples of numerical descriptive siatistics

Definition

Nupericnl descriptive statisties are pusnercal senunanes of dats

There 15 2 distinchion between measuaes that are applied 1o populations and mecasures that are applied 1o samples

Definitian

Measuyes the apply 1o population data sre called parameters

Defintion

Mfemsures thal spply to sample dats are called statistics

Sep 26-8:41 AM

I oot instances a dats avalvst wall ot know what e populstion parameters are. since the cost and'or fenstbehty o
ebtazung all the popuiation data s nswally profubatrve. Inferentind statishics wvolves making conchusions reparding

poprishion using data from @ snpic

Defindion

Inferential statisties is concerned with makimg conclusions abowr population parameters wsing sample
m‘ m‘ s_

There are many forunsdes m tus chopter that vou wall have to spend some tme exannomy to apprecuste. fn osl cases, the

congzpls wiich monane these formulas ae sple. Yet 1 these concepls are erthzr 1znored o {orzoften. statsngs becomes &

meanmgless msortitient of svmbols ustead of 2 wseful problem-soling and decraon-pakmg ton]
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Statistically speaking, the idea of location is similar to knowing the
whereabouts of a person. If we think of a data set as a group of data values
that cluster around some central value, then this central value provides a
focal point for the data set—a location of sorts. Unfortunately, the notion

. of central value is a vague concept, which is as much defined by the way it

 is measured as by the notion itself. There are several statistical measures

‘ that can be used to define the notion of center: the arithmetic mean,
weighted mean, trimmed mean, median, and mode.
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Arithmetic Mean

The arithmetic mean is one of the more commonly used statistical measures. It
appears every day in newspapers, business publications, and frequently in
conversation. For example, when your instructor returns an assessment, after
viewing your grade, one of the first questions asked is, What is the average? The
word average is often associated with the mean.

Formulg: Arithmetic Mean

Suppose there are 1 phseroaions m 4 (ats sel, constating of the observations &y, 2y, .. ., ta: Hees the

arithunetie mwean o Sefued b0 be
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|
§ 4 1 . soriad boe 579 the formiils can b erikifiad ¢
| I we e somie commes; mathernatical nolaton (summastion notalion. repessented 1y 370, the formula can b stimplibied to

L
7

3 q ¥ 1 Ane = > i . - )] ¥ 1 - % Y

where 7, & the 1 dats value in the daa setand % (promounced sigma) s 8 mathenancal notation for addeg vakues. There

are two syimbols st me essodiamed with the expression given abwie

1

fit .h_z: b rgde- 4y e populstion mess. o
H

I (Fy+ xzve-s £y e sample mean
n

Here N refers o the size of the populstion snd n refers 1o the size of the sample. (tberwane, the caleulations mre wade m
precisely the sune wav. The Greek letter ji, epresenting the populstion mean. » promowsced mw it the svmbel 2

1.:1.:‘»a.:w 19 Lan g the samnle mean 14 pri s
d i MR ALY BN I PrOnaRicy
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Population Samples

(Parameters) (Statistics)

i ‘ | .
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Here N refoss to the size of the PojUL won ad n refess to the suze of the TS (Othenwise, the cakoulations sre made w

peecssely the same way. The Greed: lettar . representing the population mean. s pronounced mw and the symbol 7

representing the sumple meay, 1< pronowced 2-ho
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Cakulate the sample mean of the following sample data values: 4, 10.7, 15
| Soiution

Note that z;=4. 29=10, 23=17, 7=15, and n=4,

% £-10- :*.- :-|:| Y
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ple mean 1 9, But why does addeng up a grotug of nuanbers and dividing by the number of observations meanye

centrsl fendencsT As unldeely as gt sorasda tee answer o pelated 1o balancig o seale

Definttion

Given sorie point 4 and o data poml . then £~ A sepresents how far z deviates from A Tlus difference
also called @ deviation
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Let's caloulste the deviations rogn the mean Jor the dats wn Exmnple 4.1 Examinng the deviations om the mean in 7l

2, we can see the deviations on the beft sade (—5 and —2) and nelit sde (1 and 63 are w balance In &t the miean 1

¥

conwdered e powl of centrality because the deviations froam the menn o the positive side and the nepative side are equal

(See Figwae 443 The sample mcan omi be mterpreted as & cetiter of graviny

Tabie 4.2 — Devialions, from the Mean

|
1
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Figure 4 &
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‘ The posittve deviatons (2 and 7

of a<entral

are not comnterbalinca:

d by the negatrve deviations (—4 and — 1), A desirable charactenste

value would bz to Lave the positnve and negative deviations equal 1o each other w absolige value

Table 4 3 - Deviations from Some Other Value

|
Data {x} |
{

Deviations from B (x, - 8}
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Cairs Yie

Although the anthmetic mean :

{hat the data vahues be added. ot should only be used for quentitatre data. Furthermore. 1f one of the data
| laree o small reltrve 10 others. s could be considered an outlier, An outher

on the value of the mean

' Defindion

3 11'\:';;;',‘}15.'- i

¢ { §
ed. there are tunes wien i shotld not be s..li},m_'- JUKE Wie mean rag U

alues s extremely

15 & data valve that can have & deaman

Statistical measwres which are not affected by outhers are saud to he resistant

The antletic pean o007 0 resistant measnre
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Weighted Mean

‘ The weighted mean is similar to the arithmetic mean except it allows you to give different
weights (or importance) to each data value. The weighted mean gives you the flexibility
to assign weights when you find it inappropriate to treat each observation the same. The
weights are usually positive numbers that sum to one, with the largest weight being

| applied to the observation with the greatest importance. The weights can be determined in

' a variety of ways, such as the number of employees, market value of a company, or some

i other objective or subjective method. There are occasions in which it is easier to assign
the weights without worrying that they will sum to one. If you are concerned about your
weights summing to one, you can make your weights sum to one by dividing each weight
by the sum of all the weights.

Formula: Weighted Mean

‘ The weighted menn of a data set with values x;, 23, Z3. ..., &4 15 given by
|

B T SRR LT SR R N Li‘tﬂ;&‘.j
=

-
Wyt We T - -9 Wy 2 w;

where w, 15 the waight of observation x;
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The felivwug table consists of the Noveniber 2010 wnenipioyient rates aad covabian laboy force sizes for the Mud-Atlnihic

Table 4 4 — Unemployment Rales

states

Sﬁaze i Sze of Cwiian Labor Force (Thousands) ;nem;-is’,mem Rate (%} |

F Delaware O g 4:34 BpCasss s £4 i ad |

Maryland p's! o 74 |

New Jersey ‘ SRR 9.2 |

} | Wew York WL Huuua L‘; I R R _: hate
|  Pevayvana | 00 w20 | e
| 2020 amr | es

i District of Cotumbia 3310 P A—“wi;aii”?i

: West Virginia T 4.1

LUsing the weighted mean. caiculate the average snemplovnent rate tor the Mid-Allatic stotes
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| Trmmed Mean

Suxe outhers cant have an eponsions effed! of

dinnasushed 1 the data comam outhens

Definition

2 the valise of the imeanr the 1mean's uselulness as a typwal ls2asure of data 1

The Irimnmed mean s a mwodification
and lowest data valoes i calculating B mean

Delbe Tie lowetd

of The atheustic menn which 1enoves an equal percentase of the lnghest

Finding the 10% Trimmed Mean

© Lalcuigte T AreteTEnc
e PHE OF [P PO
E0% ot e vauee.

Didets Bie aghest
0% of the vahes

Y% of b vaboes
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Caonsider the following data

15. 21. 25. 31. 35. 42. 48, 51. 54. 60

Fird the 10 % trimmed mean,
Solution

Sasce there are 10 observations. remoning the lughest 105 and the fowest 10% means removing only one ebservanon from

each end of the data.
That s,
10% ol 10~0.1-10~-1

e thar the date age 2leady sorted. 1t the mean 5 calowdated withowr micluding the valves of 10 and 60, the resvling

ineastre 15 called the 107 1rmmed mean

521,25 91,95 42.48.51.54. 60

2042 A 2RSS 307

S 38475
A & ia2

105 trinuned mean

1t thiere kad been 100 observations. the largest 105 and the smuatbest 1057 (1 total of 20 data valves » wonld Lune been

| rameved before the mean was caleulated
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Measuring Figure Skaling Performances
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1)

L Y0 M. = . - 3 g i o] the B o Reperrliipans us
Maye-Rewge Le bougne saud she was  pressured 10 10ie » Cortia wiy tehien shie scored the Rusaan couple, his Seeezluarya and
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Median

The median of a set of data provides another measure of center. It is a simple
idea. To find the median, place the data in ascending order and then find the

observation that has an equal number of data values on either side. That is, half of

the observations are less than the median and half of the observations are greater
than the median. The median is the middle value.

Definition

The ssedion ol 2 521 G slbaortatuome s tho dda veloe o e maddbe of a eaikived amw. Ther saive wtabes o

de of e nredizan velne

ddutn valnes 1 o wibie

Fangiing the hMedian

] B

‘ h\;;;; ] L L S o o B
s i | arcanms fr il ¢

‘ iy 3 —
e, ks @ i

| -t i - *2 T aadten i B

v PRDES Vi
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Example 4.4

Crves: the following eleven observations, fmd the median

2.4,0,3.0,1,8, 5,

1.5

Solution
Farst, the data st st be ordered
0.0.1.1,23.45.58.9

The munber of observations, 1 11

n+l 1141

Next, cafeulate the median Joecaton. Lim)

2 2

wluch s 4.

0011212 450089
—— e o

hdatavilies fidaty vabes

— o " % Therefore. the median is the 6" ordered observation,

0

-

Sep 26-8:54 AM
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Example 4.5

Consder e following tan fesi scores

65, 98, 76, 83, 94, 79, 88, 72. 90. 85

Find the median
Solution

The munber of observahons, n—10

141 11
The median location. Lim)= —— = —=04.5
2 2

1f there 15 @ cven number of observations, avernge the two center values m the ordered array. The mediom 1= the overnze of

10 . :
the — -5% and 6% ordered obsenanons. Thus. we find the medun as follows

L5 T2 679 sy, sn AR 90 04 98

4 dats values 4 3t valnes
B34+80

=84 {the medin)

Sep 26-8:55 AM

The median possesses a rather obvious notion of centrality, since it is
defined as the central value in an ordered list. It is not affected by
outliers and is thus a resistant measure. For example, if we replaced
98 with 200,000,000 in the data set from Example 4.5, the median
would not change at all. The median does possess one limitation: it
cannot be applied to nominal data. In order to calculate the median,
the data must be placed in order. To accomplish this task
meaningfully, the level of measurement must be at least ordinal.

Unless the data set is skewed or contains outliers, the median and the
mean usually have similar values.

Sep 26-8:56 AM
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| Mode

The mode is another measure of location. It is not used as frequently as the mean
or the median, and its relation to these values is not so predictable. The mode is
the only measure of location that can be used for nominal data. Of the three
measures of location, the mode is used the least due to the limited information it
provides. Sometimes sorting the data (in ascending or descending order) makes it
easier to find the mode.

Definition

T a Adate 3 i {raniientiv acsrmne valis
The mode of a data set 1s the most frequently occurmng value

Sep 26-8:57 AM
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Example 4.7

Fird the mode of the followang data set

0.1.4.3.9.8.10.0.1.3.0

Solution

Stiice the value of 0 oceurs move than any other value, 1 15 the mode. Tn s mstasice, as a measure of location, the niodal
value is not a panicularly appealing choice. However, the mode does possess ose very frvorable propertv—it 1s the only
measure of location that can be apphed to nomumnal data. Thus, for nommal measurements like color preferences, st wonld
be perfectly reasouable 1o diseuss the wodal color.

* Suppost we added on more value to the deta set an Example 4.7 £ this vabue wese a 1, then both 0 and | woul

Sep 26-8:58 AM

b repeated

M e e thene ol be o s, Whnsthis oceams, e s sand 10 be bimodal Any tue dta has maore tan

two miodes it s sad to be multimodal fall abservations tn  date setocour with the same frequency,then there 1 o mode

For tiat data 2t

0.1.4.3.9.8.10.0.1.3. 0

Sep 26-8:59 AM
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The Relationship between the Mean Median, and Mode

Ofteatmies, the sdiape of the datn devermunes how the meast median, and mods are related. Fo

mean. medsas, and mode e wdentical,

Beli-Shzped Distrioution

A
|

belleshaped dismbution. i

September 26, 2016
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{ the data are posiively skewed. the median will be smaller than the mean

Sep 26-9:00 AM
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Selecting a Measure of Location

The objective of using descriptive statistics is to provide measures
that convey useful summary information about the data. When
selecting a statistic to represent the central value of a data set, the
~first thing to consider is the type of data being analyzed.

Appiicable { evel of Measurement

oo e b s s a il i e e s

Not Sensitive L Very Sensitive
‘i Qualitative Quantitative | | Mean i \f
1N5mma‘# Ordinal | Interval Eﬁam M g ?ar’!_f.z‘:dr: T . \f i IFERE
Mean *} | \f \/ ‘ Morie \{ ,
| ' | = T -
Mechan ! J * \/ ! J ' Trimmed Mear \/ C
I

|
Mode | v | !\/
i oo KA

SRR S S, GRS TS WSS ESUSESIS RS-
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The median is also a good measure of central tendency. It is not sensitive
to outliers and can be applied to data gathered from all levels of
measurement except nominal.

If the level of measurement of the data is interval or ratio and there are no
outliers, the mean is a reasonable choice. If the data set appears to have
any unusual values, then the trimmed mean or the median would be more
appropriate.

If the data's level of measurement is nominal or ordinal (the data are
~qualitative), appropriate measures of center are limited. If the data are
- ordinal, then the median is the best choice. If the data are nominal, there is
only one choice, the mode. The mode is applicable to any level of data,
although it is usually not very useful for quantitative data.

Sep 26-9:04 AM
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Tune Senes Data and Measures of Location
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Table 4.7 - Average U 5. Gas Price 1981.
Dolars per Galon)

| vear | Average US G

25 Price 2-Petiod Moving Average

991 15 1,130 1.123

1006 | 1149 | 1144
e | Tamw | 1me
| 1998 106 1.145 ‘ 1173
i e 3,47 1115 1.138

; Defirition
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- s

| Average U.S. Gas Price with Moving Averages

35
1 30 - Average US. Gas Price
«#- 2-Period Moving Average
25 o 3-Periid Moving Average

10
SR

Soo M@@M@w

Figure 4 10
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0,099 13,09

Suﬁ 1 ﬁ”& ; »t‘i':a | i Medl) O e Qiven data

Sep 26-9:06 AM
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Step 2 of 3 : Determine the median of the given dala

September 26, 2016

13,09

Sep 26-9:06 AM

StenJof 3: Uelermine £ e dalh s&! & uamodal bemodal M

Sep 26-9:07 AM
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