Lecture 3
Luogllslas 3|
Descriptive Statistics

Section:2.3(P.653) Measures of Central Tendency

Mathematical Sciences Department



WHAT YOU SHOULD LEARN

» How to find the mean, median, and mode of a population and of a
sample.

» How to find a weighted mean of a data set and the mean ofa
frequency distribution.

» How to describe the shape of a distribution as symmetric,
uniform, or skewed and how to compare the mean and median for
each.



avn L @
@ 0 0 o o3k e 0 @
".

33 )}3**)}3 =
=3

Introduction to Descriptive Statistics

Descriptive statistics 1s a set of statistical methods used to
describe and summarize the characteristics of data. Descriptive
statistics help 1in understanding the data and i1dentifying trends
and patterns.
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Measuring Measures of Central Tendency

Measures of central tendency describe the center or average of the data
distribution. The key measures are:

*Mean éf,i/

‘Median 2cws

easuring Measures of Dispersion

Measures of dispersion describe the extent to which the data points are spread
out from the center. The key measures are:

*Variance ¢ L=

»Standard Deviation &/« <Ja 0|

*Range f /;L
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2.3 Measuring Measures of Central Tendency

Larson, R., Farber, B, page 65

A measure of central tendency 1s a value that represents a typical, or central, entry of a
data set. The three most commonly used measures of central tendency are the mean, the

median, and the mode.
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The mean of a data set 1s the sum of the data entries divided by the number
of entries. To find the mean of a data set, use one of the following formulas.

Definition (p. 63)

n

=1 X Y X
=1 "Vl — =
‘ ~ Sample mean X = ‘nl :

Population mean u =

Formula: Mean = (Sum of all data values) / (Number of data points)

Z)F.J'l / o))



» The lowercase Greek letter u (pronounced mu) represents the population
mean.

» X (read as “x bar”) represents the sample mean.

» Note that N represents the number of entries 1n a population and n
represents the number of entries in a sample.

» Recall that the uppercase Greek letter sigma () ) indicates a summation of
values.
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Finding a sample mean of tinite population: 2 B8 B

The prices (1n dollars) for a sample of round-trip flights from Chicago, Illinois
to Cancun, Mexico are listed. What 1s the mean price of the flights?

872 432 397 427 388 782 397

sl (g€l (o LLBlg LA N> (o dina) (139a)L) )lewl dogsléoin
271,7'_1 X; TOMHl o buwgino 98 bo .luwsSall S5 S

X = 397 782 388 427 397 432872
n
_ 872+432+397+427+388+782+397 3695
x ——————————————————————————————— ——
7 7
= 527.9

1393 527.90 JIg> 90 wdl>y)l youn  bawwgio (L6130
So, the mean price of the flights is about $527.90.
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Finding a sample mean of finite population:

Try 1t Yourself (1) (p.65) :
The heights (1n inches) of the players on the 2009-2010 Cleveland Cavaliers

basketball team are listed. What 1s the mean height
a. Find the sum of the data entries.

b. Divide the sum by the number of data entries.

c. Interpret the results 1n the context of the data.

74 | 78 | 81 | &7 | &1 | 80 | 77 | &0
85 | 78 | 80 | 83 | 75 | 81 | 73
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80 /77 80 81 &/ 81 /8 /4
/3 81 /5 83 380 /8 85
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The mean of grouped data (P.70 2 B 9

If data are presented 1n a frequency distribution, you can approximate )3

the mean as tollows.

The mean of a frequency distribution for a s/ample 1s approximated by
dawlgy Lo die) $53H DA 295 Juwgio L ydien
_ xlfl + x2f2+... +xnfn

X
f1+fo+...+f,
5 = i=1 Xif i 5 — i=1 Xifi
i1 fi n
i A

Where X1, X3,...,X, are the midpoints and fy, fo,..., f, are

the frequenmes of a class.

(/\/”f’ "6 55 o
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GUIDELINES(p.g. 70) M e 2
3
1) Find the midpoint of each class.
2) Find the sum of the products of the midpoints and the
frequencies.

3) Find the sum of the frequencies.
4) Find the mean of the frequency distribution.
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Example (2)

The Mean of a Frequency Distribution

Find the mean of student’s age of the given data

Class frequency True midpoints
intervals f classes X, Xifi
5-6 2 |4565| 55 11 2X55 | p oAby s 2l
7-8 5 6.5-8.5 7.5 37.5 | The mean of student’s age 1s :
9-10 8 8.5- 9.5 76.0
10.5 % = o1 Xif
n
11-12 4 10.5- 11.5 46.0
12.5 184
13-14 1 12.5- | 13.5 13.5 X=—5 =92
14.5
Total 20 184




When to Use the Mean =

The mean 1s commonly used when:

*The data set 1s relatively symmetrical.
There are no extreme outliers 1n the data.

*The goal 1s to represent the "typical” or "average" value in the data set
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Advantages of the Mean:

*Considers all data points 1n 1ts calculation.

*Provides a single representative value for the data set.

*Allows for mathematical operations (e.g., addition, subtraction, multiplication).
*Widely understood and commonly used measure of central tendency.

Disadvantages of the Mean:

* Sensitive to outliers, which can significantly affect the result.

* May not be representative of the data set 1t 1t 1s highly skewed or has extreme
values.

* Cannot be used with nominal (categorical) data.
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WEIGHTED MEAN AND =

MEAN OF GROUPED DATA

Sometimes data sets contain entries that have a
oreater effect on the mean than do other entries.

To find the mean of such a data set, you must
find
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The Weighted Mean(P.69) R o 2 3

4 ¢ Ixd

1s the mean of a data set x1.x2,....,x, whose entries have

varying weights wy,wa,...,w, @3l gomigill o Xaw An ol degone bugiogs
Wy, o W Helaioljgl

A weighted mean 1s given by: dawlg) gz pell agiall sliackosy

_ X1{W1 + XoWor+... TX,W,
X, = ——= =
v Wi+ wot...+w,

3 — Di=1 XiW;
v D=1 Wi
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Example (7)(p.69): 8 B =

=

You are taking a class in which your grade 1s determined from five sources: 50%

from your test mean, , 20% from your final exam, 10% from
your computer lab work, and . Your scores are 86 (test
mean), 32 (final exam), 98 (computer lab), and What

1S the weighted mean of your scores? If the minimum average for an A is 90,did you
get an A?

¥ = Q=1 XiW;

_ 86%x0.50+96x0.15+82x0.20 + 98 X 0.10 + 100 X 0.05 88.6

X = — 88.6
W 0.50+0.154+0.20+0.10 + 0.05 1

Your weighted mean for the course is 88.6. So, you did not get an A.
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Definition. P(66) e e
The median of a data set 1s the value that lies in the middle of the
data when the data set 1s ordered.

The median 1s the “”ﬂ"‘&’b ;‘c?

Middle data entry
Even The median is the mean =
number Of the two middle data entries N



to Use the Median =3

The median is commonly used when:

*The data set contains outliers or extreme values.
*The data set 1s skewed (not symmetrical).

*The goal 1s to represent the "middle" or "typical" value 1n the data set.
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Advantages of the Median: 3

* Less affected by outliers and extreme values compared to the mean.

* Provides a good representation of the "middle" or "typical" value 1n the data set.
* Can be used with ordinal (ranked) and interval/ratio data.

* Useftul for skewed or asymmetrical data distributions.

Disadvantages of the Median:
* Does not consider the actual values of the data points, only their relative positions.

* Cannot be used for mathematical operations (e.g., addition, subtraction, multiplication).
* May not be representative of the entire data set 1f the distribution 1s highly skewed.
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Example (2) (p.66) : <3
Find the median of the flight prices given in Example 1:

First order the data
388 397 397 427 432 782 872 The median 1s 427

Example (3) (p.66) :
In Example 2 (p.66), the flight priced at $432 is no longer available. What is
the median price of the remaining flights?

The remaining prices in order are 388,397 32, 872

Med = M — 412 The median 1s 412

2
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Definition P(67): -~

-
The mode of a data set 1s the data entry that occurs with the
greatest frequency.
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Set of data may have: DR Y s B =3
@ * more than one mode. :’U\f 0‘?/‘;’5 " - \,

Example:
In special case: If two entries occur with the same greatest frequency, each entry 1s a mode
and the data set 1s called (bimodal).

/\ \ 7\
\ / \

/ 1 | 4.

/ \
/ \
/ \
/ 1

@ * no mode AP?’Q,J)

If no entry 1s repeated, the data set has no mode.




When to Use the Mode U

The mode 1s commonly used when:

*Analyzing categorical or ordinal data.
*]dentifying the most common or popular value 1n a data set.

*Describing the characteristics of a frequency distribution.
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Advantages of the Mode: )3 3{( :‘: 2 ;:(2

*Easy to understand and interpret.

*Usetul for categorical and ordinal data.

*]dentifies the most frequently occurring value 1n a data set.

*Can be used for multimodal distributions (data sets with more than one mode).

Disadvantages of the Mode

*May not be representative of the entire data set, especially for skewed
distributions.

*Doesn't consider the magnitude or relative positions of the data points.
*There may be multiple modes or no mode at all in a data set.

*Not suitable for mathematical operations (e.g., addition, subtraction,
multiplication).
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ICRIIEXE (RPN
Finding the mode of a data set 8 88 B
&

Example (4) (p.67)

Find the mode of the tlight prices given in Example 1.

3883976970127 432 782872 Mod = 397

So, the mode of the flight prices is $397.
Example

Find the mode of the given data:

2(69.4(6)1 o) 4,7,4,7,8,9,7,4, 10

VMod = € Mod = 7,4
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Example &
Find the mode of the given data:
PV

4,9,8,12,11,7,15  There is no mode

Example

Find the mode of the given data:
4,4,5,5,6,6,7,7
).



Example (3) (p.67) : 2 e 8
Finding the Mode 2

At a political debate, a sample of audience members were asked to name the
political party to which they belonged. Their responses are shown 1n the
table.

Political partw Freguency.
I »emocrat 34
Republican 56
(Other 21
Iid mot respond <

What 1s the mode of the responses?
Explanation

The response occurring with the greatest frequency 1s Republican. So, the
mode 1s Republican.

Interpretation In this sample, there were more Republicans than people of
any other single affiliation.
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Definition (p.71)(THE SHAPES OF DISTRIBUTIONS)

35+
30
25 1
20 +
15+
10

A frequency distribution is symmetric when a vertical line can be drawn through the middle of a
graph of the distribution and the resulting halves are approximately mirror images.

A frequency distribution is uniform (or rectangular) when all entries, or classes, in the distribution
have equal or approximately equal frequencies.
A uniform distribution is also symmetric.

A frequency distribution is skewed if the “tail” of the graph elongates more to one side than to the
other.

A distribution is skewed left (hegatively skewed) if its tail extends to the left.
A distribution is skewed right (positively skewed) if its tail extends to the right.

A
>

.
40+ 40 —
1 40
35
35+
35+
30+ 30
25—+ i 30
o 25 1 25 -
20+ <
20 + 20—
15+
15+ 15—
10+
10 + 10 -
5+ 5|
TTTTTTTT Al T T T T T T S SN N S BN [ W S BN N R S R R R s._*_,_[— | [ ] e
I 3 5 7 19 11 13 15 | 3 5 7 19 11 13 15 L I R I SO B SO B A A S B S B S B I 3 S A M4 9 11 13 15
—Mc;ln — Mean I 3 S5 7 9 T\ 13 15 Al j P ) '
—Median —Median Mean Mode Mode l\:h‘*‘!‘
—Mode Median Median
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Definition (p.68): 2R >:<¢ >>:<

An outlier 1s a data entry that 1s far removed from the other entries 1n
the data set.

Remarks p 67-68:

1) The mode is the only measure of central tendency that can be used to
describe data at the nominal level of measurement.

2) The mode is rarely used when working with quantitative data.

3) The mean is a reliable measure because it takes into account every entry of a

data set.
4) The mean can be greatly affected when the data set contains outliers.

Lxample:

The mean of the datal,2,3,3,2,2,3,100 is 14.5 and the outliers i1s 100.
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Practical Application
By lxcel.




Example (6)(P.63)

Find the mean, the median, and the mode of the sample ages

of students 1n a class shown below.
Are

there any outhers? Use Excel

20 20 20 20

21 21 21 22

23 23 23 24
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21 20 20 20 20 20 20

23 22 22 22 21 21 21
65 24 24 23 23 23
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C9 v v fx 20 v
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8
9 20
10 20
11 20
12 20
13 20
14 20
15 21
16 21
17 21
18 21
19 22
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21 22
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23 23
24 23
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26 24
27 24
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< ) Sheetl -+ < G >
] - | +  100%

Ready 7,%’( Accessibility: Investigate
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8
9 20
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12 20 / =AVERAGE(C9:C28
13 20 the mean is 23.75
15 21 the median is 21.5 =MEDIAN(C9:C28) |
16 21
17 21 the mode is 20 \
18 21 =MODE(C9:C28)
19 22
20 22
21 22
22 23
23 23
24 23
25 | 23
26 24 v
< ) Sheet1 + : 4 G >

Ready ﬁ(Accessibility: Investigate E - — i + 100%




Frequency
S = N W A &

1 3 5 7 911131517 192

Mod = 20

Ages of Students in a Class

Gap

I—A—\
]

25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59| 61
Age

x=23.8

Med = 21.5

outlier




A
6
S
SQ:)
o 4
=-
O 3
= 2
1
20T_
ModeJ

Ages of Students 1n a Class

Gap
IHHIHIIHIHHHHHHHHHHHHHID—>
425 30 35 40 45 50 55 60 65
-Mean Aoce A
Median = Outlier

Interpretation The mean takes every entry into account but 1s influenced by the outhier of 65.
The median also takes every entry into account, and 1t 1s not affected by the outlier. In this case
the mode exists, but 1t doesn’t appear to represent a typical entry. Sometimes a graphical
comparison can help you decide which measure of central tendency best represents a data set.
The histogram shows the distribution of the data and the locations of the mean, the median, and
the mode. In this case, 1t appears that the median best describes the data set.
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Example

Find the mean, median, and mode of these data, if possible. If not explain why?
Determine which measure of central tendency is the best to represent the data

6,6,9,9,6,5,5,5,7,5,5,5,8

the mean is

the median is

the mode is

6.230769
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We note there 1s no
outliers in this data .
So ,1t appears that
the mean best
describes the data
Set.
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1. Find the mean, median, and mode of this data, if possible. If not explain
why?

2. Determine which measure of central tendency 1s the best to represent the
data

The responses by a sample of 1040 people who were asked if their next
vehicle purchase will be tforeign or domestic

Domestic : 346

foreign : 450
Don’t know : 244




o G o
Domestic : 346 tg Bl ¥
foreign : 450 &

Don’t know : 244

Mean [t can’t be find because the data are qualitative .

Viedian It can’t be find because the data are not ordered

| H\ _ri_f-i;i‘

The mode 1s the best measure in this case



Example (32)(p.74)

1. Find the mean, median, and mode of this data, 1f possible. If not
explain why?

2. Determine which measure of central tendency 1s the best to

represent the data

0| 8 Key: 08 = 0.8
L S0

2| 1345

3109

4100







Example (35)(p74):

The letters A,B, and C are marked on the horizontal
AXIS. nir ‘ 1t
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Mod = A 0

Because: 1t 1s the greatest frequency.

x=C

Because: there 1s an extreme value, or the graph 1s skewed-
right.

Med = B

Because: the median 1s between the mean and mode.







