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Chapter 2

Objectives:
After completing this chapter, you should be able to

m Organize data using a frequericy distribution.

m Represent data in frequengy distributions graphically, using
histograms, frequency pglygons, and ogives.

m Represent data using bar graphs, Pareto charts, time series
graphs, pie graphs, and dot plots.
m Draw and interpret a stem and leaf plot.
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Chapter 2

The purpose of this chapter

This chapter explains how to organize data by

m Convert raw data into a data array.

m Construct:

m Frequency distributions.
m A relative frequency distribytion.
m A cumulative (relative) frequency distribution.

m Present the data by consjructing charts and graphs. The
charts and graphs illustrated here are histograms,
frequency polygons, ogives, pie graphs, pareto charts,
and time series graphs.

m A graph that combines the characteristics of a frequency
distribution and a histogram, called a stem and leaf plot is
also explained - - -
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2-1 Organizing Data

Raw data is the data collected in original form. el -
T U Segm g St v A2 DL
Example: -

Suppose a researcher wished to do a study on the ages of the 50
wealthiest people in the world. The researcher first would have to

get the data on the ages of the people. They are called raw data

and are listed next.

o
45 4 64 5T 8 N>
2 51 71 54 48
27 66 76 5 69
54 44 54 75 4
64 6 78 61 83
88 45 80 67 56
89 58 55 62 38
5 5 64 81 38
9 6 91 56 68
% 47 8 T 82
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2-1 Organizing Data

2L e

VP

When the raw data are organized into a table, which is called

frequency distribution, the(frequency will be the number of values
in a specificclass bf the distribution.

Frequency distribution is the organization of raw data in a table

form, using classes and freguencies.
AR 300 @i U & w2

\5\09 :_J\,‘_(CIJ(/

For more information see page 42 -43 of Bluman’s Book
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2-1 Organizing Data

CINZTEERVOEANESA
Two type—;s} of frequency distributions that are most often used are
the gaf’é‘qorical frequency distribution and the grouped frequency

distribution. oSt

Categorical frequency distributions is constructed for
c5_s>qualitative data used for data that can be placed in specific
"~ categories, such as nominal or ordinal level data.
<t =

Group frequenchlslrl\'b&tlons Is ,nsttrg‘%j for ggantltatlve
data used when the Fange of values in a data set of valties in 2 data set is large
(continuous data). The data must be grouped into classes that
are more than one unit in width, e.g., 58-64.

Rt o F
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2-1 Categorical Frequency Distributions

Example 2-1 (Distribution of Blood Types) page 43
Twenty-five army inductees were given a blood test to determine their blood type.

The data set is s o) D2l ASp 25 Vo ueer SO
A B a8 AR 0
0 0 B AB B clusses [reqawy
L) 3 E 0 A 0 {

€o" o 0 0 0 AB A\ 5
40K AE: A 0 B A R | =
o q
Construct a categorical frequency distribution? A | v

The frequency distribution table has four columns:
1. the first column for Class, 2. the second column for Tallies, 3. the third
column for Frequency, and 4. the fourth column for Percent.

OAC P Ly

[

“%.»| Class | Tally Frequency | Percent/
A ¥ S 20
B % w + 28
O |aseynl 9 36
AB 1))y A 16
&, #\ e—| Total (25) 100%
: N
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2-1 Categorical Frequency Distributions

Example 2-1 (Distribution of Blood Types) page 43

Class | Tally | Frequency | Percent;
A Mt 5 20
B | {fl 7 28
Q [ Hril 9 36
AB i 4 16
Total 25 100%

%=®X100=i=.2x100:20
n 25 -—

For more information see page 43-44 of Bluman’s Book
/] = g =t Lad N f
TN = PR
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2-1 Categorical Frequency Distributions

Example 2.2

New restaurant wants to explore the impression of visitors about the customer
service. Sample g ( 20]visitors selected r randomly and their impression noted as
)

below of d‘,,\ (‘,_b\ 2.2 J P v 5\*’"\ Mfﬂa—ﬂ S 20
30/ 20 SPevde

—Geod  -Exceftentt = ~Excellent Excellent-  _Good
_Getd __Excellert-  —=Bad

;Z‘(;?' “Excallent _Excettent Good’ Goad
Bad” Good ellent Excellent Excelient

Construct a categorical frequency distribution?

Class Tally Frequency | Percent
Excellent m //// 4] 45 _:;b,noo =4S
Good st s// | & Yo | £ s =90
Bad |1y 3 15 |5 cies= 13
Total 20 100% | 2o
I’ v

/. :_ﬁfxloo
N
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2-1 Categorical Frequency Distributions

Solution:
Class Tally | Frequency | Percent
Excellent | 4|l 9 45 7
Good | Il 8 40
Bad M 3 15)
Total 20 100%
Hazar Khogeer Introduction to statistics



2-1 Categorical Frequency Distributions

Solution:

Class Tally | Frequency | Percent
Excellent | Hlll] 9 45
Good I 8 40
Bad Ill 3 15
Total 20 100%

Hazar Khogeer
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2-1 Grouped Frequency Distributions

e (HS57) % A S ot
&z
2- Group frequency distributions are constructed for quantitative
data. used when the range of values in a data set is large
(continuous data). The data must be grouped into classes that are
more than one unit in width, e.g., 58 64. ~p class
“oS)\

LR Sy A
m The lower class limif represents the smallest data value thatj
can be included in a class, e.g., 58 for the class limit 58-64. n

B2 i NS
m The upper class limif represents the largest value that can be
included in the class, e.g., 64 for the class limit 58-64.

Hazar Khogeer Introduction to statistics



2-1Grouped Frequency Distributions

u2# The class boundaries are used to separate the classes so that
.  there are o gaps in the frequency distribution and they can be
“ ™ found by the following steps:

1- make sure the number of decimal digits are equal in the lower

and upper limit if not add zero to the one that has less decimal

digit. (if exist) e.g., 58-64.3 —> 58.0-64.3 ~59:90— o328
57 ds 64.2¢

2- add zero after the last decimal digit in the lower and upper limit.

e.g., 58.0-64.3 = 58.00-64.30

3- subtracting 5 from the last digit in the lower class limit and
adding 5 to the last digit in the upper class limit.
e.g., 58.00-64.30— 57.95-64.35

For more information see page 44-45 of Bluman’s Book
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2-1 Grouped Frequency Distributions

Steps For Constructing a Grouped Frequency Distributions :’wl LS

Step 1: Determine the number of classes k.

) .
m Chose an appropriate number. Or  (5-/5) (ar OV,
m Round output of Sturge’s rule, K = 1 + 3.33 x log(n). Or

m Use the formula: n < 2.

Step 2: Determine the classes

S P
m Find the (Range) by: finding the difference betweemthesHighestvalue (M)
andslzowestwalte (L) in the data set.

AP R=max-min =H- L.
nu-ﬂ] (L2

f
m Determine the width of classes by: dividingsthesrange(R)=oventhesnumberofe
classes(K) and round up.
. range _ R
" number of classes = K’
xS S
—_

m Determine the starting point for the first class. (O
By select the smallest number in the data or a convenient
number that is smaller than the lowest data value.

Hazar Khogeer Introduction to statistics



2-1 Grouped Frequency Distributions

m Calculate the lower class limits. By repeatedly adding the
o class width to the prior class I|m|t.§3}m‘ VA Y
m Calculate the upper class limits. Subtract one unit from the
lower limit of the second class to get the upper limit of the first
class

Step 2: Find the tallies.

Step 3: Find the frequencies from the tallies or the percentages
(relative frequencies).

Hazar Khogeer Introduction to statistics



2-1 Grouped Frequency Distributions

. . . el a0
In constructing the class limit we must take into a count the

following: @
. 7 -\ C/".S-'
m The classes must be mutually exclusive. RS
wo)
=
age PN
10— 12 10-20
b
20-29 20-30 6‘,‘)’ )
26— 3(’ 30-40 (_
Yo —~ L9 40-50
m The class must be continuous. There should be no gaps in
the frequency distribution. LT e 4
age /)\/-L)(""y Y,
10-20 \,3 u?’
21-31 e
43-53

m The class must be exhaustive. There shqulci be ,e,nough)j:. €
o9 Z 't ALEO S
classes to accommodate all the data. = Ul i

m the class must be_equal in_width. \;9/;,'/ i 232 s (D
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2-1Grouped Frequency Distributions
o 7 & e SNV LD dsar Tyl
Example 2-2:Record High Temperatures (page 47)
The following data represent the record high temperatures for each of the 50
states.
112 100 127 120 134 118 105 110 109 112
110 118 117 116 118 122 114 114 105 109
107 112 114 115 118 117 118 122 106 110
116 108 110 121 113 120 119 111 104 111
120 113 120 117 105 110 118 112 114 114
Construct a grouped frequency distribution for the data using 7 classes?
The procedure for constructing a grouped frequency distribution for numerical

data follows. .- ) . ’
M u{"J) l"“ , \_?11 :,.JJ' ;f
Clos? :ol:::lam Pre(+md \ Class Med porme

Hazar Khogeer Introduction to statistics



2-1Grouped Frequency Distributions

Example 2-2:Record High Temperatures (page 47)

The following data represent the record high temperatures for each of the 50
states.

112 100 127 120 134 118 105 110 109 112

110 118 117 116 118 122 114 114 105 109

107 112 114 115 118 117 118 122 106 110

116 108 110 121 113 120 119 111 104 111

120 113 120 117 105 110 118 112 114 114
Construct a grouped frequency distribution for the data using 7 classes?
The procedure for constructing a grouped frequency distribution for numerical
data follows.

Sladl sM0 5> am® oo @ 2 D

CL;:’ é-;‘ o8 = s.S - Lange
Ran g€ = Hax = M
M= 100 May - 134

@anje = /13Y— (60 = 2Y
Numbev o £ classes (K) G\ sue sus (D
Mo Vv (a2 Sl "}QJgQ'QCJ )
(S -(o) TP e\ NP aS Lyt s
CIANEE NP S CARTANS P> VOB 4
K= I+ 3.33 ﬂajw)

dbw‘<;s;,\(§) jF

n<a”
50<2t
5oL 2" oL ]S
¢ 50K 1238
(lass widvl — W L\ Cof

W= s = R - 24 - Y9 = 5
sl K +
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112 100 127 120 134 118 105 110 109 112
110 118 117 116 118 122 114 114.2105 109
107 112 114 115 118 117 118 122 106 110
116 108 110 121 113 120 119 111 104 111
120 113 120 117 105 110 118 112 114 114

Temperature (Class limits) Tally # of states (Frequency)

100-104 Il 2

105-109 HI L

110-114 gl IS

115-119 N 13

120-124 H +

125-129 | [

130-134 | !

Total 50

( }LOJI\/ (,a.l.)‘“'0 O lo > rap) N)\&.s.\\ so.d1 als (®
Class bomndary

50 —
- J—J \—"‘\4
-0.5 +0.5

Hgs ~ Q.25



100 — (oU —\
[00-6.6 =99.§ lot +0. s =04
Temperature (Class limits) | Class Boundaries | # of states (Frequency)
100-104" 99.¢ — |O4.S 2
105-109 8
110-114 \ 18
115-119 . 13
120-124 . 7
125-129 1
130-134 1
Total 50
Temperature | Class Boundaries
100-104 99.5-104.5 02
105-109 104.5-109.5
110-114 109.5-114.5
115-119 114.5-119.5
120-124 119.5-124.5
125-129 124.5-129.5
130-134 129.5-134.5
Mcd Poivk NOLIEEICIN ED)
class Mid Poik = lower Limiv + uffev fimir
2
puny 100 + oy - [0 2
2
e
Temperature | Class Boundaries | Class Midpoints | (Frequency)
100-104 99.5-104.5 102 2
105-109 104.5-109.5 107 8
110-114 109.5-114.5 112 18
115-119 114.5-119.5 117 13
120-124 119.5-124.5 122 e
125-129 124.5-129.5 127 1
130-134 129.5-134.5 132 1
Total 50




2-1Grouped Frequency Distributions

Example 2-2:Record High Temperatures (page 47)

The following data represent the record high temperatures for each of the 50
states.

112 100 127 120 134 118 105 110 109 112

110 118 117 116 118 122 114 114 105 109

107 112 114 115 118 117 118 122 106 110

116 108 110 121 113 120 119 111 104 111

120 113 120 117 105 110 118 112 114 114
Construct a grouped frequency distribution for the data using 7 classes?
The procedure for constructing a grouped frequency distribution for numerical
data follows.

m Calculate the (Range):
('R Highest value (H)- Lowest value (L)=134-100=34.

m Given the number of classes, the class width:

. range(=R) 34 C: )
| Width — = — =4,
Class Widt number of classes(=k) 7 .

Hazar Khogeer Introduction to statistics



2-1Grouped Frequency Distributions

m Determine the class limits (boundaries); a Lower limit, which
is the smallest data value that can be included in the class,
and an upper limit, which represents the largest data value
that can be included in the class.

m Lower limits we can consider the lowest value to be the
starting point for the lowest class limits, i.e., use 100 as the
lower limit of the first class then repeatedly add the class
width to get the lower limit of the next six classes, i.e.,

105, 110,115,120, 125,130..

m Upper limits subtract one unit from the lower limits of the
second class until the seventh class to get the upper limit of
the first class until the sixth class. Finally, use the largest
value as the upper limit of the final class. T
i.e., 104,109, 114, 119, 124, 129.

Hazar Khogeer Introduction to statistics



2-1Grouped Frequency Distributions

m Step 1:The limits of the classes are:

L =100 — 104
105 — 109

Iz =110 — 114 = 1y
115 — 1129
120 — 124
125 — 129
130 — 134 = H

m Step 2: create a table with three columns, the first column is

for Temperature (classes), the second column for counting,
and the third column is for the number(#) of states
(frequencies).
Jreguetiele:

m Step 3: tally data then delete column 2.

Hazar Khogeer Introduction to statistics



2-1Grouped Frequency Distributions

112 100 127 120 134 118 105 110 109 112
110 118 117 116 118 122 114 114 105 109
107 112 114 115 118 117 118 122 106 110
116 108 110 121 113 120 119 111 104 111
120 113 120 117 105 110 118 112 114 114

Temperature (Class limits) Tally # of states (Frequency)
100-104 II
105-109 HE
110-114 A
115-119 M
120-124 HEl
125-129 |
130-134 |
Total 50

Hazar Khogeer Introduction to statistics



2-1Grouped Frequency Distributions

The class boundaries for the grouped frequency distribution. It is
used so that there are no gaps in the frequency distribution for our
example is given by

li—0.5,ui+0.5

Temperature (Class limits) | Class Boundaries | # of states
100-104 e
105-109
110-114
115-119
120-124
125-129
130-134
Total

—

Frequency)

[ecJ i \V]

Y Y
w| o

alal

(o)}
o
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The class width for a class in a frequency distribution is found
by one of the following:

m usually, grouped frequency distribution consist of equal class widths.

m Subtracting the lower (or upper) class limit of one class from the lower (or
upper) class limit of the next class.

m Subtracting the lower (or upper) class boundary of one class from the lower
(or upper) class boundary of the next class.

m Subtracting the lower class limit of one class from the upper class limit of
the same class then add 1 to the last digit.

m subtracting the lower class boundary of one class from the upper class
boundary of the same class.

Temperature | Class Boundaries
100-104 99.5-104.5
105-109 104.5-109.5
110-114 109.5-114.5
115-119 114.5-119.5
120-124 119.5-124.5
125-129 124.5-129.5
130-134 129.5-134.5

Hazar Khogeer Introduction to statistics



2-1 Grouped Frequency Distributions

s 'y S/
The class midpoint o)y 4
Sometime, we need to calculate the midpoints of each class.
The class midpoint is found by adding the lower and upper limits
then divide by 2 or adding the lower and upper boundaries then
divide by 2.

lower limit 4 upper limit
2
lower boundary + upper boundary
2

class midpoint=

or class midpoint=
For our example:

class #i midpoint —

Hazar Khogeer Introduction to statistics



2-1Grouped Frequency Distributions

Temperature | Class Boundaries | Class Midpoints | (Frequency)
100-104 99.5-104.5 102 2
105-109 104.5-109.5 107 8
110-114 109.5-114.5 112 18
115-119 114.5-119.5 117 13
120-124 119.5-124.5 122 7
125-129 124.5-129.5 127 1
130-134 129.5-134.5 132 1

Total 50

Hazar Khogeer
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2-1Cumulative frequency distribution

A cumulative frequency distribution: is a distributionsthat.shewssthe

number.of.data.values.less.than.or.equalkio.each.upper-boundary-
Wl A oty o @t @ s

The values are found by adding the frequencies of the classes

less than or equal to the upper class boundary of a specific class.

This gives ang@asééndifiyg cumulative frequency. The last
classes Gun-f
. [=) less than 6
cumulative frequency must be equalton. o-u |2 |2 Less +lany
- - - . 5-9q 3 5 less thaa g
nw o= (fé e )\‘ﬁ)‘d)ﬂoi/ e lo-|4 | & @ Less than 14
1
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2-1Grouped Frequency Distributions

Example 2-2 (page 49)

100 - 104
105-109
110-114
115-119
120-124
125-129
130-134

99.5 - 104,5
104.5 - 109.5

109.5 - 114.5
1145-119.5
119.5-124.5
1245-129.5
129.5-134.5

Hazar Khogeer

Less than 99.5 0
2 Less than 104.5 7).
8  Lessthan 1095 D
18 “lessthan 1145 og
13 lessthan 1195 g\
7/ lessthan1245 &
1 . Llessthan129.5 4 9

I Less than 134.5 @

Introduction to statistics



Example 2-2 (page 49)

100-104
105-109
110-114
115-119
120-124
125-129
130 -134

Keep Adding! Less than 99.5

99.5-104.5
104.5 -109.5
109.5-114.5
1145-119.5
119.5-124.5
124.5-129.5
129.5-134.5

2

Hazar Khogeer

2-1Grouped Frequency Distributions

Less than 114.5

Less than 119.5
Less than 124.5
Less than 129.5

49

C- le yiod
n

Z xioo= Y
5o

_—

Less than 134.5

Introduction to statistics




m If the sample size and the (cumulative) percentage of a
specific class are given, then the corresponding (cumulative)
frequency of this class can be calculated by ﬂe

( /\;J\ I o b P, P= £ xio07
anerd W(est ok fi = 100 X n

m If both the (cumulative) frequency and the (cumulative)
percentage of a specific class are given, then the sample size
can be calculated by

a . -
- 2)‘ )‘_/| )J}' uLﬁ N_’)[.G f,
7z n=—x100
n P;
N ""‘c‘j vg\f'f“"'u
. Temperature | Class Boundaries Cum. Freq. [ Percent |
sy Less than 99.5 0
P: 2 P_ y 100-104 99.5-104.5 Less than 104.5 2 4
- 105-109 104.5-109.5 Less than 109.5 10 20
110-114 109.5-114.5 Less than 114.5 28 56
n= 2: X\0o 115-119 114.5-119.5 Less than 119.5 41 82
120-124 119.56-124.5 Less than 124.5 48 96
125-129 124.5-129.5 Less than 129.5 49 98
- 50 130-134 129.5-134.5 Less than 134.5 50 100 |

(00 595 O wf Pr wrN SNFus af e o
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Relative Frequency Distribution

Relative Frequency Distribution

Used to compare datasets of different sizes.

1.Sum the total number of observations across all classes of the
frequency distribution. 25V« -, o F VY JAD L epsie

2.Divide the frequency for each class by the total number of Obéj ‘-”;f
Examples A bag of colored balls contains 25 balls wAE
Raw Data: ®o®o® ©0%o0® OO
X X X N X X N X
Statistical Table:. ® ®e
pe(“,h'ue Fyeyu(ﬂg Color Tally [ Cunm.f E)e'-' Jp/n
Red S 5 s S/25z ©2
R _ ][Z Blue PP 3 2 3/25 —ou2
- 2 Green “ X \b
) Orange [~ ~ ] 3 13
Brown L _ _ _ I 21
P = l_Q A |00 Y 25
M

Hazar Khogeer Introduction to statistics



Relative Frequency Distribution

Relative Frequency Distribution

Color Frequency | Relative Frequency
Red 5 5/25=.20 ’ 3-,{7
Blue 3 3/25=.12 )IﬁJu_')J\
Green 2 2/25=.08 g
Orange 3 325 - .12 IS/ e
Brown 8 8/25= .32

4 4/25 = .16
Sum 25 h }

N— %

Cumulative Frequency Distribution

Color Frequency | Cumulative Frequency
Red 5 5
Blue 3 §
Green 2 10
Orange 3 13
Brown 8§ 21
4 25

Hazar Khogeer

Introduction to s




2-1 Ungrouped frequency distributions

clas> S
" el 3 ved . ‘_“'!
()u.vo,,q) r:"_}"-,u,-:'/f blue ‘

Ungrouped frequency distributions - can be used for data that

can be enumerated and when the range of values in the data set is_
not large. f,s,} U1 Sap u})\; Lt an' o) od

Examples - number of miles your in have to travel from
home to campus, number of girls in a 4-child family etc.

Class | Frequency
5km 24
10 km 16
A5 km 10

Hazar Khogeer Introduction to statistics



Ungrouped frequency distributions

S
Example 2-3: Hours of Sleep (page 49) N
The data shown represent the number of hours@ coIIegei‘_;g ":j‘:g
students said they sleep per night. Construct and analyze a
frequency distribution.

\
. ?0'\> Clus® S— 3:::3“0
. 8 6 6 85 7 51 [asss
&My 7 87 6 6 7 6|% [55-6s
;'ﬂvﬂ? 9 7 7 6 8 10 2|1 |é5-79
/ 6 7 6 7 8 7 g|g |P7-%7
( 7 87 8 9 8 g a |#5-%F
Raﬂﬂe =10-5=5 lol | a.5-12%

Solution:

Step 1: the Range (R)= Highestvalue(H) — Lowestvalue(L)
Step 2: Tally the data.

Hazar Khogeer Introduction to statistics



Ungrouped frequency distributions

Example 2-3: Hours of Sleep (page 49)

Class limits | Tally | Frequency

5 | 1

6 Ml 7

7 M 11

8 A1 8

9 | 2

10 | 1

Step 3: From the class boundaries.
Class limits | Class boundaries | Frequency

> g — 5s 1
6 7
7 11
8 8
9 2
10 1

Hazar Khogeer
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Ungrouped frequency distributions

Example 2-3: Hours of Sleep (page 49)
Step 4: The cumulative frequencies are.

Class limits Class boundaries Frequency Cumulative frequency
Less than 4.5

5 4.5-5.5 1 Less than 5.5 1

T 5.5-6.5 7 Less than 6.5 s

7 6.5-7.5 11 Less than 7.5 I

8 7.5-8.5 8 Less than 8.5 91

9 8.5-9.5 2 Less than 9.5 29

10 9.5-10.5 1 Less than 10.5 "~ 30

Hazar Khogeer

Introduction to s




Ungrouped frequency distributions

Example 2-3: Hours of Sleep (page 49)

Class limits Class boundaries Frequency Cumulative frequency

Less than 4.5 0
5 4.5-5.5 1 Less than 5.5 1
6 5.5-6.5 7 Less than 6.5 8
7 6.5-7.5 11 Less than 7.5 19
8 7.5-8.5 8 Less than 8.5 27
9 8.5-9.5 2 Less than 9.5 29
10 9.5-10.5 1 Less than 10.5 30

see page 49-50 of Bluman’s Book

Hazar Khogeer
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frequency distributions

Cuiegoricul
frequency
distribution

Grouped
frequency
distribution

Ungrouped
frequency
distribution

-

clas}
red
v v blue
o\aS®
o-d
5-4 v
(large range)
£eS San
a5 -
/\
2 4 ( II'{ )
3 R small range
oo’ g2 SO
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22 Histograms

oW (7N u-f’g\'
One of the most Common Graphs in Research that summarize the
data
A
The histogram di i
- heights to represent the frequencies.

To construct a histogram, we need two columns from the frequency
distribution of the data, class boundaries (represent the x-axis) and
the frequency (represent y-axis). “ £

%ﬁidwﬁ 3e 3

us — 9.5 2 z

45 - \4US Y ' .

WUs — 199 3

—
4.5 a5 yus B9, 5,503
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22 Histograms

EXAMPLE 2-4 Record High Temperatures Page (57-58)

Class Boundaries Frequency
99.5-104.5 2
104.5-109.5 8
109.5-114.5 18
114.5-119.5 13
119.5-124.5 7
124.5-129.5 1
129.5-134.5 1

Record High Temperatures

BFzE3

frequency

24 l_
0 u t t t t l 4 2 ’CJ \\
94.5° 104.5° 109.5% 1145 119.5% 124.5° 129.5°7 134.5° Q.LQ-“-)
Temperature (°F)

statistics



22 Histograms

EXAMPLE 2-4 Record High Temperatures Page (57-58)

FIGURE 2-1 Histogram for Example 2-4
Record High Temperatures

|y

Frequency

995" 045 W05 n4.5 na.s" 1245 1295 134.5°
Temparatura (°F)
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2-2 The Frequency Polygon
el
1%

The frequency polygon: e G Jos

Is a graph that displays the data by using lines that connect paints
plotted for the frequencies at the midpoints of the classes. The
frequencies are represented by the heights of the points.

To construct a frequency polygon, we need to find a new column of
class midpoints and use it instead of the class boundaries in the
x-axis and the frequency in y- axis. rejuency

MidPecvd { ?07 /‘
3 -
: |3 ’ /\ ’

+ M,’d &lb‘l‘
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The Frequency Polygon
EXAMPLE 25 Record High Temp\e}ratures Page (58-59)

Temperature Class Midpoints (Frequency)
100-104 102 2 kst Midpowe
105-109 707 8
170-114 112 18 (oD+ QYU _ lo2
115-119 117 13 2 -
120-124 122 7
125-129 127 1
130-134 132 1
T Total 50

Record High Temperatures

18+ +

] _— A X
T T T T T T
102* 407 112 1470 422 {27=  {3@°
Tamperature (°F)
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The Frequency Polygon
EXAMPLE 25 Record High Temperatures Page (58-59)

FIGURE 2-2 ¥ Record High Tompsratures
Frequency Pobygon for sl .
Example 2-§
151
-
Ell“
i
¥
L ]
E+
34+
*
0 _—
oo oK omr o om I o e
Tamparature {'F)
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2-2 The Ogive
p— c\ass |jo | aCD‘Yl

¢ AassS I uo‘”‘d"
o less+han-oS

o 4 -0S 4.5 3 3 less duany.s
S5-q |4s-4s 2 S less +anqc
lo-14 as-\*S " & o les s +han Y.

Ogive: Serves as visual presentation of cumulative frequency.

Displays the continuous data that are organized in a grouped

frequency distribution.

How to construct a Ogive for the data:
To construct a Ogive, we need to use cumulative distribution for the

y-axis and the upper class boundary for the x- axis.

G

4
/ : /‘
1/ :‘,"’)"ﬁ‘

M L3 Al T
-0:5 ys as \94.§ .r"d
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Example 2-6:Record High Temperatures (page 59)

Construct an ogive for the frequency distribution described in Example 2-4.

Temperature Cum. Freg

Less than 99.5 0
100-104 Less than 104.5 2
105-109 Less than 109.5 10
110-114 Less than 1145 28
115-119 Less than 118.5 41
120-124 Less than 124.5 48
125-129 Less than 129.5 45
130-134 Less than 134.5 50

Record High Temperatures

0T

a0

an+
25T
0T
15T

frequency

A T T t t t t
99,5 104.5¢ 109.5° 114,57 11959 1245°  1295°  134.5°
Temperzture (°F)

statistics



FIGURE 2-3 ¥
ing the Cumulative . . -
.
3 .
2
w0+ .
51 . \
o ' } I I ) 4 } 4
99.5° 104 5° 1085 nas® ne.5" 1245° 1295 B45°
Tamparature (°F)
FIGURE 2-4 ¥ Record High Temperatures
Ogive for Exampie 2-6 . . . .
»
=
=
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B
o




2-2 The Ogive

The main purpose of using ogive

The ogive is mainly used to visually represent how many
cumulative frequency (percentage) are approximately below a
certain upper class boundary and vice versa.

Case1: Getting the cumulative frequency based on an upper class

boundary. .
WNC 2LV e &
i T2 y *
an uppet ¢class boundary. v g “” 0,02 o
y Record High Temperatures E\‘—u/ ye 9\?;\
504 cumulative frequency = 45 > - .
15 e k
ot o
; z BT
S5 3
EE 15 g
Tt
15 o
ol p Upper (limit) boundary
5 =122
- - X
0 t t t t t t t t
995" 10457 1095 11450 1195° 1245°  1295°  1345°

Terperature (°F)
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2-2 The Ogive

How many state reached high temperatures of 114.5° F and less?

an upper class houndary.

v Record High Temperatures

+ cumulative frequency = 45 . .

P
===
t

Cumulative
frequency
=
t

MR e e

=]
t

Upper (limit) boundary
=122

ad X
! L L
T

=

o
u

=

t + t t t
99.5° 104.5? 109.5¢ 145" 1195° 124.5° 129.5° 1345°
Temperature (°F)
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2-2 The Ogive

Case 2: Getting the upper class boundary based on a cumulative

frequency.
What is the maximum temperatures that at most 10 states reached
? ZWo ls o d s Cat— V7 a2/ st b
y Record High Temperatures
50 N d *
HT
@1  cumulative frequency = 35 ’
] »
S
EEyl ’
3
01
Bt
1 Upper (limit) boundary
51 +117.5
0 . N ¥ ‘ ‘ . ¢
9959 1045 1005 1145 1195 1245 1206 1348

Tempereture (°F)
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2-2 The Ogive

Case 3: Getting the cumulative frequencies based on two upper
class boundaries.
How many state reached a maximum temperatures between

‘ - -
117.5° F and 121.5° ? V2B s gD LV sl
- 2 5> W <
v Record High Temperatures
801 cumulative frequency » . ‘
4514
0t cumulativefrequency@ ] Y5-35=10
EEED y
504
23 '
SZut
as
01
1
04 g 15 2\-S
T ¥
0 ; . ‘ ‘ ‘ ; .

&

: T T T T T
95 1045 1085 14F 1195 145 1295 15
Temperature (°F)

Required cumulative frequency = 45 - 35 =10
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2-1 Grouped Frequency Distributions

Example( 1Q scores)
The following data set represents the IQ scores for 40 students
selected randomly from Umm Al-Qura university.

60 110 121 101 91 105 93
101 103 105 75 78 90 69
86 107 99 82 95 71 83
92 90 90 115 94 100 102
138 95 80 85 84 70 77
91 99 64 80 96

Construct a grouped frequency distribution using 8 classes?
Solution:

Step 1: the Range (R)= Highestvalue(H) — Lowestvalue(L)
R=138-60 =78

width=R/K, W =78/8 ~ 9.7 (round up) W =10.

Hazar Khogeer Introduction to statistics



2-1 Grouped Frequency Distributions

Example I1Q scores (continued)
Step 2: Find the tallies.

Step 3: Find the frequencies from the tallies.

Class limits Tally Frequency
60-69 Il 3
70-79 M 5
80-89 gl 7
90-99 el 13

100-109 HIN 8
110-119 I 2
120-129 | 1
130-139 | 1
Total 40

Hazar Khogeer

Introduction to statistics




2-1Constructing class boundaries from class limits

Class boundaries: are connected classes that established from the
disconnected class limits.

Use class limits in 1Q scores example to construct class
boundaries ?

Class limits | Class Boundaries | Frequency
60-69 3
70-79 5
80-89 7
90-99 13

100-109 8
110-119 2
120-129 1
130-139 1
Total 25

Hazar Khogeer Introduction to statistics



2-1Cumulative frequency distribution

Example 1Q scores (continued):

Find the cumulative frequency distribution of the data ?

A cumulative frequency distribution: can be stablished by finding
the sum of frequency for values less than each upper class

boundary.
Class limits | Class Boundaries | Frequency Less then Cumulative Frequencies

Less then 58.5

60-69 59.5-69.5 3 Less then 68.5
70-79 £9.5-79.5 5 Less then 79.5
80-89 79.5-80.5 7 Less then 88.5
an-a9 89.5-995 13 Less then 98.5
100-109 89.5-108.5 8 Less then 109.5
110-119 109.5-118.5 2 Less then 118.5
120-129 119.5-128.5 1 Less then 129.5
130-139 129.5-138.5 1 Less then 139.5

Hazar Khogeer Introduction to statistics



2-1Cumulative frequency distribution

Example 1Q scores (continued):

Solution:
Class limits | Class Boun. | Frequency Less then Cum. Freq.

Less then 59.5 0

60-69 59.5-69.5 3 Less then 69.5 3
70-79 69.5-79.5 5 Less then 79.5 8
80-89 79.5-89.5 7 Less then 89.5 15
90-99 89.5-99.5 13 Less then 99.5 28
100-109 99.5-109.5 8 Less then 109.5 36
110-119 109.5-119.5 2 Less then 119.5 38
120-129 119.5-129.5 1 Less then 129.5 39
130-139 129.5-139.5 1 Less then 139.5 40

Introduction to statistics

Hazar Khogeer



Example Construct a histogram to represent the data for the 1Q scores.

Class Boundaries | Frequency
59.5-69.5 3
69.5-79.5 5
79.5-89.5 7
89.5-99.5 13

99.5-109.5 8
109.5-119.5 2
119.5-129.5 1
129.5-139.5 1

Frequency

59.5 63.5 795 895 995 109.5 119.5 1295 1395
Class boundaries

Hazar Khogeer Introduction to statistics



Example Construct a frequency polygon, to represent the data for
the 1Q scores example.

Class Boundaries Midpoints Frequency
59.5-69.5 64.5 3
69.5-79.5 74.5 5
79.5-89.5 84.5 7
89.5-99.5 94.5 13
99.5-109.5 104.5 8
109.5-119.5 114.5 2

119.5-129.5 124.5 1
129.5-139.5 134.5 1

14

12

Frequency

645 745 845 945 1045 1145 1245 1345
Class midpoints.

Hazar Khogeer Introduction to statistics



Example 1Q scores (continued):

Construct a ogive, to represent the data for the 1Q scores .

1Q scors

tion to statistics

Less then Cumulative Frequencies
Less then 59.5 0
Less then 69.5 3
Less then 79.5 8
Less then 89.5 15
Less then 99.5 28
Less then 109.5 36
Less then 119.5 38
Less then 129.5 39
Less then 139.5 40
40 -
35
Z 30 4
c
@
225 |
g
&
o 20 4
2
®
S 15 4
£
3 10
5 4
0 &
59.5 69.5 79.5 89.5 99.5 109.5 119.5 129.5 139.5




2-3 Other Types of Graphs (page 74-75)

64.2'X]Jﬁ—\4—§ -

1-Bar Graph
The bar chart displays the data by using vertical bars of various heights to

represent the frequencies of @iSEIEIE orwategories| variables.
Example : Draw a bar graph to represent the impression of the visitors about the

new sandwich. R
) S
Class Frequency
Excellent 9 ﬂ a0
Good 8 $
Bad 3 ot b
Total 20

N

Excellent Good Bad

Hazar Khogeer Introduction to statistics



2-3 Other Types of Graphs (page 74-75)

1-Bar Graph

Example : Draw a bar graph to represent the impression of the
visitors about the new sandwich.

10 N le

a
£
g
-4
s 4

2 .

L]

Excellent Good Bad
Impression

Hazar Khogeer Introduction to statistics



Example 2-8 page 76 College Spending for First-Year Students
The table shows the average money spent by first-year college
students. Draw a horizontal and vertical bar graph for the data.

Hectronics §728
Dorm decor 344
Clothing 141
Shoes 72

Sowrca: The Netional Retail Federation.

FIGURE 2-9 Bar Graphs for Bxample 2—8

\ V; y  Fimi-Year College Student Spending . Awerage Ameunt Spent

300 |-
700
800
$500
£400 -
£300
£200
$100

Clothing

Shaoss

0

b + + + + + + + + S0 - .
S0 $100 $200 $300 $400 $500 SE00 $700 $800 Snoss  Clatning Dorm - Electmmnics

The graphs show that first-year college students spend the most on electronic equipment.
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Bar graphs

The bar graphs can also be used to compare data for two or more
groups. These types of bargraphs are called compound bar
graphs. Consider the following data for the number (in millions) of

never married adults in the United States. 1o Ya

Year Moes | Femaes | U<, DO S0, Ge
1980 163 123 ’ -
1080 237 202 M
2000 23 278
2010 02 M0

FIGURE 2-10 ¥ Mever Married Adults

BExample of a Compound

G .

Number {mlions)
N
8
t

&
t

30 +
20 1+ "
, )5 >, %
154 o
104+
N x
1960 1980 2000
Year
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2-3 Other Types of Graphs (page 74-75)

2-Pareto chart

A pareto chart is used to represent a frequency distribution for
.p) categorical variable. The frequencies are displayed by the heights
of vertical bars, which are arranged in order from highest to lowest.

Hazar Khogeer Introduction to statistics



2-Pareto chart

Example 2-9 page 77 Traffic Congestion 77 ¢ ols/f Guaias o? —utsed?
The data shown consist of the average number of hours that a commuter spends

in traffic congestion per year in each city. Draw and analyze a Pareto chart for the

data.
City Hours
Atlanta 52
Boston 64

Chicago

61
New York /Zﬁ/

Washington,D.C. | 782)
(o

g
FIGUWRE Z-—11 Parche Chart for Example -9
Trwffic Congeetian
¥

o
BB UEEBAEEE
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3-Time Series Graph (-~ 0= rea—»

A time series graph represents data that occur over a specific .
\period-of time.. i e e
Example 2-10 page 78 Price of an Advertisement for the Academy
Awards Show

The data show the average cost (in millions of dollars) of a
30-second television ad on the Academy Awards show. Draw and
analyze a time series graph for the data.

Year 000 | 2011 | 2012 | 2013 | 2014 | 2005
Cost 140 | 155 | 161 | 165 | 178 | 1%

Price for an Advertisement

N
=
|

1.8 +

Cost (in millions)
L

=
]
(I |

T T T T T
2010 20m 2012 2013 2014 2015
Year
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3-Time Series Graph
A time series graph represents data that occur over a specific

period of time.
Example 2-10 page 78 Price of an Advertisement for the Academy

Awards Show

The data show the average cost (in millions of dollars) of a
30-second television ad on the Academy Awards show. Draw and
analyze a time series graph for the data.

Year 2010 | 2011 | 2012 | 2013 | 2014 | 2015
Cost 140 | 155 | L6l | 165 | 178 | 1%

FIGURE 2—-12 Figure for Example 210
Price for an Advertisement

w

5 2.0

E 18

=

z 16

o

914 X
1 L L L 1 L 1 L L 1 L 1
T T T T T T T T T T T T
2010 20m 2012 2013 2014 2015

Year

Hazar Khogeer Introduction to statistics



4-Pie Graph »#\A gl =2

Pie Graph is a circle that is divided into sections according to the
percentage of frequencies in each category of the distribution.
The degree of a class in a pie chart is defined as

b '/ pe
- X360 ENERRCY
w e

Example 2-11 page 80 Super Bowl Snack Foods

Potato chips 1

123600 = 1347 | S0 Pounds (irequency
Tortilla chips %-31':0“- 98 Pataio chips _11.7 million ';_'oi-v:‘c
Tortilla chi §.2 million
etz oo sy | N
D Pretaels 4.3 million
Popcomn | e -
“ﬁ'-?""n = 46 Papcom 3.5 million
Saack wls 23_05 360°= 30° | Snack muts 2.5 million
Total Total n= 301 million

Hazar Khogeer Introduction to statistics



4-Pie Graph

Example 2-11 page 80 Super Bowl Snack Foods
This frequency distribution shows the number of pounds of each
snack food eaten during the Super Bowl. Construct a pie graph for

the data.

Snack Pounds (fraquency)
Potato chips 11.2 million
Tontilla chips 8.2 million
Prels 4.3 million
Popcom 3.8 million
Snack nats 2.5 million

Total n= ﬁ mallion

Sowvoe: USA TODAY Weakand

See page 80-81

Hazar Khogeer

FIGURE 2-14 Pe Graph for Example 2-1
Supor Bowl Snacks

Introduction to statistics



- Pie Graph

C\&%"? ﬁ(eolueﬂéff ﬂﬂﬁle P= #/n yi0o
Watermelons 5| 2x30=3¢| 107
Pears 20| 22360="1 | 707
Apples 15[ur3¢0=108 | 307
Oranges 10| Lxsto =*2| 207

N= 5p 36
ST A SV x360 angle. = n£ 2386
91\4'\:)'-5;'}

T C

» Watermelons = Pears

@qs

= Apples = Oranges




2-3 Stem-and-Leaf Plot

5-Stem-and-Leaf Plot ==

Stem and Leaf plot: is a data plot that uses papzt(f? a data value as
- %tem the most significant digit (i.e. the tens), and the other

part of the data value as the leaf, the less significant digits (the
o0 units), to form groups or classes.\:\;,/,\ \ Eﬂﬂ
It has the advantage over grouped frequency distribution of
retaining the actual data while showing them in a graphic form.

19 18 n 25 26

Stem-and-Leaf Plot: how to construct the plot:

m Spilt each observation into two parts consisting of a stem and
leaf.
m The number of leaves recorded opposite each stem is

summarized under the frequency column . S

als ¢

Hazar Khogeer Introduction to statistics



2-3 Stem-and-Leaf Plot

Example 2-14 page 84 Out Patient Cardiograms
At an outpatient testing center, the number of cardiograms
performed each day for 20 days is shown. Construct a stem and

leaf plot for the data? Syem  lead
c 2
26 31 20 32 13 4 34
14 43 02 57 A
3% 32 33 30 4 L [03°5
32 52 44 51 45 3 N2
Yy 3
Stem Leaf -"__
O |2
1 3 4
2|0 3 5
3|1 2 2 2 2 3 6
4|3 4aa s
5|1 2 7
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2-3 Stem-and-Leaf Plot

mn O2

’(/‘}p;’ S'e'g = Leat manr SZ
}) \&yﬁ 1z Rangé - 57- 2 =55
. UJJ, Zu&:v‘( 31222236
/ O s327°

AN T

The stem and leaf plot is similar to a horizontally flipped histogram.
By joining the stem and leaves, we notice that the Minimum is 02,
while the Maximum is 57. uos
Consider the following numbers 1403 and 102. ./ - leaf
m The stem of 1403 is 140 and the leafis 3,
m The stem of 102 is 10 and the leaf is 2. a/LO %—L_‘ )
Advantage of Stem-and-Leaf Diagrams ~ $*¢""
Once a frequency distribution or histogram of continuous
data is created, the raw data is_lost (unless reported with the
frequency distribution), however, the raw data can be
retrieved from the stem-and-leaf plot.
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Bar Chart v v 4

Independent veriable: <~

fime L

Time Series o Avme
Dependent variable:

discrete or continuous

Pie Chart 4 4

Stem-and-
leaf plot
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Home work

Exercises 2-1: page 51-52 (from 5-12, 14,16,17).
Exercises 2-2: page 67 (11)

Exercises 2-3: page 91 (11)

Chapter Quiz: page 105-106 (from 8-11, from 12-17)

Hazar Khogeer Introduction to statistics
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Example 1Q scores (continued)
Step 2: Find the tallies.

Step 3: Find the frequencies from the tallies.

Class limits | Tally | Fréquency
60-69 n |/ 3
70-79 M f 5
80-89 il / 7
90-99 | il 13

100-109 | Ml 8
110-119 ﬁl 2
120-129 [/ | 1
130-139 | | 1
Total 40

Class boundaries: are connected classes that established from the

disconnected class limits.

Use class limits in 1Q scores exampl

boundaries ?

E /m construct class

Class limits | Class Bouyfdaries | Frequency
60-69 b 3
70-79 / 5
80-89 7 7
9099 | / 13

100-109 8
110-119 2
120-129 1
130-139 1
Total 25

(%3 CamScanner
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Example IQ scores (continued):
Find the cumulative frequency distribution of the data ?

A cumulative frequency distribution: can be stablished by finding
the sum of frequency for values less than each upper class

boundary.
Class limits | Ciass Boundaries | Fraquency | / Less then Cumuiative Frequendles

A Less then 59.5

60-89 89.5469.5 3 Less then 69.5
70-79 69.579.5 5/ | Lessthan79.5
80-89 795895 7 Less than 89.5
90-99 89.599.5 ANa Less then 99.5
100-109 99,5085 8 Less then 109.5
110-118 109.5-119.5 2 Less then 119.5
120-129 11951295 1 Less then 123.5
130-13¢ 12951395 1 Lass then 139.5

Example 1Q scores (continued):

Solution:
7
Class limits | Class Boun. | Frequency, Less then Cum. Freq.

/ | Lessthen59.5 0

60-69 59.5-69.5 3/ Less then 69.5 3
70-79 69.5-79.5 J Less then 79.5 8
80-89 79.5-89.5 /7 Less then 89.5 15
90-99 89.5-99.5 | / 13 Less then 99.5 28
100-109 99.5-109.5 |/ 8 Less then 109.5 36
110-119 109.5-119.5 2 Less then 119.5 38
120-129 119.5-129.5 1 Less then 129.5 39
130-139 129.5-139.5 1 Less then 139.5 40
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Example Construct a histogram to represent the data for the IQ scores.

Class Boundaries | Frequency
59.5-69.5 3
69.5-79.5 5
79.5-89.5 7
89.5-99.5 13

99.5-109.5 8
109.5-119.5 2
119.5-129.5 1/
129.5-139.5 A

Frequency

14 -
12 -
10

1 Jrass peis I

o N & O @
L 1

635 795 895

995

109.5 1195

Class boundaries

1295

1395

Example Construct a frequency polygon, to represent the data for
the 1Q scores example.

14
12
10

Class Boundaries Midpoints Frequency
59.5-69.5 64.5 3
69.5-79.5 74.5 5
79.5-89.5 84.5 7
89.5-99.5 94.5 /13

99.5-109.5 104.5 _L 8
109.5-119.5 1145 A
119.5-129.5 1245 Y 1
129.5-139.5 1345 1

o N & o =

4.5 745 BAS 94.5

1045 1145 1245 1345
Class midpoints
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1-Bar Graph

Example : Draw a bar graph to represent the impression of the
visitors about the new sandwich.

10

. L —

6 i
" |

g o i

i e
g ‘

o —

FI LY Excellent Good Bad .
»ev 1 dql;-' imprassion ,Lf-"\

e Hazar Khogeer .ntroduction 1o statistics

Example 2-8 page 76 College Spending for First-Year Students
The table shows the average money spent by first-year college
students. Draw a horizontal and vertical bar graph for the data.
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FIGURE 2-9 Bar Gaphs for Gaengple 2-8
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Tha gaphxs show that ficst-year collego students spend the most on electronic equipmant.
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