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Chapter Five: Frequency Distributions

When you completed this chapter, you will be able to:

organise and present the collected datain the most effectively way;

construct a Frequency Distribution;

distinguish histogram from bar chart;

recognise the uses of Ogive; and

identify the difference and similarity of Histogram and Stem-and-L eaf Display.

AN N NN

Reference(s): Mason Chapter 2, Berenson Chapter 3
Exercise(s): Seminars 7 and 8, Mason Chapter2 Exercises 5, 7, 11, 17 and 22

In recent years, the collection of statistica data has grown a such arate that it would be
impossible to manage unless thisinformation is arranged in summarised form. Thewhole
matter of putting large masses of data into a usable form is becoming easer, because of

the development of eectronic computer, which made it possible to accomplish in minutes
while it would have taken months or yearsin previous.

Using Ordered Data Array
It arranges valuesin ascending or descending order to give amore meaningful pettern.
eg.l Giventhedataaray asfollows

Chlorine levelsin ppm (parts per million) of 30 gallons of treated water

16.2 158 158 158 16.3 15.6
157 16.0 162 161 16.8 16.0
164 156 159 159 159 16.8
154 152 159 16.0 163 16.0
164 16.6 156 156 169 16.3

Re-arrange vauesin ascending order :
Chlorinelevelsin ppm of 30 gdlons of treated water

152 156 159 16.0 16.2 164
154 157 159 160 163 16.6
156 158 159 160 163 16.8
156 158 159 161 16.3 16.8
156 158 16.0 162 164 16.9
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Frequency Distributions

We may compress the raw data by using frequency distribution, relative frequency
distribution, cumulative frequency distribution, or cumulative relative frequency
distribution.

Frequency Distribution:

A frequency digtribution is atabular summary of aset of datathat showsthe frequency or
number of dataitemsthat fal in each of savera distinct classes. A frequency distribution

is aso known as frequency table.

Frequency Didribution Table

Chlorine levels samples of treated water with 0.3 ppm class interval.

Classin ppm Frequency
15.2-154 2
15.5-15.7 5
15.8-16.0 11
16.1-16.3 6
16.4-16.6 3
16.7-16.9 3

30

Relative Frequency Distribution:

The frequency of each value is expressed as afraction or a percentage of the tota number
of observations. The sum of dl the relative frequencies equalsto 1.00 or 100%.

Relative Frequency Didribution Table

Chlorine levels samples of trested water with 0.3 ppm classinterval.

Classin ppm Frequency Relative Frequency
15.2-15.4 2 0.06 (0.666666...)
15.5-15.7 5 0.17 (0.166666...)
15.8-16.0 11 0.37 (0.366666...)
16.1-16.3 6 0.20
16.4-16.6 3 0.10
16.7-16.9 3 0.10

30 1.00
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Cumulative Frequency Distribution:

It enables us to see how many observations lie bel ow or above certain vaues, rather than
merdy recording the number of itemswithin intervas.

“Less Than” Cumulative Frequency Didribution

Classin ppm Frequency

15.2-154 2
15.5-15.7 5
15.8-16.0 11
16.1-16.3 6
16.4-16.6 3
16.7-16.9 3

30

Classin ppm

lessthan 15.2
lessthan 15.5
lessthan 15.8
lessthan 16.1
lessthan 16.4
lessthan 16.7
lessthan 17.0

OR, “More Than” Cumulétive Frequency Didtribution

Classin ppm Frequency

15.2-154 2
15.5-15.7 5
15.8-16.0 11
16.1-16.3 6
16.4-16.6 3
16.7-16.9 3

30

Classin ppm

over 15.1
over 154
over 15.7
over 16.0
over 16.3
over 16.6
over 16.9

Cumulative Frequency

0
2
7
18
24
27
30

Cumulative Frequency

30
28
23
12
6
3
0

(Class boundaries are used for the less or more than cumulative frequency distribution)

Cumulative Relative Frequency Distribution:

It enables usto see what isthe cumulative fractions or percentages of obsarvationslie

bel ow or above certain vaues, rather than recording the percentages of items within

intervas

“Less Than” Cumulative Relative Frequency Didribution

Classinppm  Rdative Frequency

15.2-154 0.06
15.5-15.7 0.17
15.8-16.0 0.37
16.1-16.3 0.20
16.4-16.6 0.10
16.7-16.9 0.10

1.00

lessthan 15.2
lessthan 15.5
lessthan 15.8
lessthan 16.1
lessthan 16.4
lessthan 16.7
lessthan 17.0

0.00
0.06
0.23
0.60
0.80
0.90
1.00

Classin ppm Cumulative Relative Frequency
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Classification of Class
1. Quantitative Class

Quantitative classes are class that can be measured on anumerical scale

e.g.2 theabovechlorinelevelsin ppm of 30 gdlons of treated water are quantitative
class.

2. Qualitative class

Qualitetive classes are class that classfies information according to qualitative
characteristics.

eg.3 X, race and religion do not fal naturdly into numerica categories.

3. Open-ended Class
It congsts of either the upper or the lower end of a quantitative classfication
scheme, and it islimitless. This class normaly attempts to cover al other
possibilities not covered in other classes.

eg4 classesfor agedidribution:
under 20, 20 to under 30, 30 to under 40, 40 to under 50, 50 and over

4. Discrete Class

Discrete Classes are separate entities that progress from one class to the next with a
break.

e.g.5 no. of children per family (dasses:0-1, 2-3, 4-5, .. ), wewouldn’ t have 1.2
children.
5. Continuous Class

Continuous Classes progress from one class to the next without break. They
involved numerical measurement such as weight, height, and volume.

Continuous data can be expressed in ether fractions or whole numbers.

eg.6 classesfor agedidribution:
under 20, 20 to under 30, 30 to under 40, 40 to under 50, 50 and over
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Stem-and-L eaf Display

A stemrand-leaf display separates data entitiesinto “leading digits’ and “trailing digits’.

e.g.7 Daily expense of 37 HKTC students

35
42
54
54
51
52
59
58
68
65

65
68
67
60
69
69
71
72
76
71

79 119
78 120
80 125
89 136
89 135
88 149
90 160
94

104

109

snce the daily expense for the sudents are dl two- or three- digit numbers, elther the tens
column or the hundreds column would be the leading digit and the remaining column
would be the trailing digit.

i.e. 68 hasaleading digit of 6 and atrailing digit of 8
136 has aleading digit of 13 and atrailing digit of 6

Stem-and-leaf display of daily expense:

O©o~NOO OTh~hW

10

13
14
15
16

5

2

441298
85587099
126198
0998

04

49

o

N=37

Sem : column of numbersto the left of the verticd line (leeding digits)

Leaves: right Sde of the verticd line (tralling digits)
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Advantages of stem-and-leaf display
1. summarising important features of a data set
2. actual datavaluesare presented

3. present databoth in tabular and chart form

To assg usin further examining the data, we may wish to rearrange the leaves within
each of the stems by placing the digitsin ascending order, row-by-row.

Revised stem-and-leaf display of the 37 daily expense:

5

2

124489
05578899
112689
0899

©Co~NO UL~ WwW

10| 49

13156
1419

15
1610 N=37

Class Exercise 1:
Present the following 50 data in Revised Stem-and-leaf display:

23 7 96 66 89 43 9 15 89 53
45 27 77 44 47 67 50 55 83 100
18 32 70 62 57 78 50 39 34 72
41 39 50 41 45 59 68 68 91 61
30 48 59 45 57 62 27 104 89 66

Read Mason p.33 for the
Minitab output of stem-and-

leaf display
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Terminology associated with frequency distribution:
Class Limits: lower and upper vaues of the classes

eg.8i class10- 19 where 10 isthelower classlimit of the class
and 19 is the upper classlimit of the class

Class Boundaries: lower and upper vaues of a classthat mark common points between

classes.
eg.8ii class10- 19 Class boundaries 9.5-195
class20- 29 Class boundaries 19.5- 295

Note : sometimes class limits and boundaries will coincide, asin the structure : “ 30 and
up to 40", “40 and up to 50", and etc.
The“30", “40" and “50” are both the class limits and class boundaries.
Class Width/Interval : Upper class boundaries - Lower class boundaries
eg8ii  Class Class boundaries Classintervd
10to 19 95t0195 195-95=10

Class Mid-points: midway between upper and lower class boundaries.

eg8iv  Class Class boundaries Class Mid-point
10to 19 9.5t019.5 (9.5+19.5)/2=145
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Constructing a Frequency Distribution

To condruct afrequency distribution, we must determine the followings:

PONPE

the number of classes,

the dassintervd or width of the class,

the class boundaries or the values that form the interva for each one of the class,
the frequency for each class.

1. Determinethe number of classes

e.g.9i

The number of classes depends on the number of data points and the range of the
data collected.

However, it is often better to use arule for seecting the number of classesthat is
designed to summarise the data effectively asfollows:

Approximate number of classes= 1 + 3.322 log(humber of data)
Suppose we have 105 data in the data set,
the number of classes=1 + 3.322 log(105) = 7.7144 @8

Asarule, statisticians rarely use fewer than five or more than twenty classes.

2. Determinetheclassinterval

eg.9i

Largest data vaue - Smdlest datavaue
Number of classes

Approximate classwidth/interval =

suppose the largest and the smdlest value of the 105 data are 19 and 4, then
. _ 19- 4
the approximate class width/interval = 5 = 1875

Touseacdlassinterva of 1.875 isvery inconvenient, we restrict the classinterva
to one decimd place, i.e.,, we will use aninterval of 1.9, or redtrict the class
intervd to aninteger, i.e, use an interva of 2.

Y ou can only round up the gpproximeate classinterva.
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3. Determinetheclasslimits for each class

eg. iii

4. Determinethe frequency for each class

Class limits are sdected s0 that the classes cover all the data values and so that
each vauefallsin adistinct class.

Make sure that the first class covers the smallest data value, and the last class

covers the largest data value.

The lower boundary of thefirg classisarbitrary, but convenient vaue below the
lowest vdue. It is suggested, but not necessary, that the lower limit of the first
class should be an even multiple of the dlassintervd.

suppose that the classinterva of 2 is used, then the lower limit of the first class
would be (2x2=) 4, (2x4=)8, or (2x6=)12, etc. The 4, 8, and 12 are the even
multiple of the classintervd “2".

For example, if 4 isused asthe lower limit of the firgt class, then the classlimits

are:
4-5 6-7 8-9 10- 11
12- 13 14 - 15 16 - 17 18- 19
And the respective class boundaries are:
35-55 55-75 75-95 95-115
11.5- 135 13.5- 155 155- 175 17.5- 195

Every data point fitsinto one and only one classintervd. After dl data are fitted
into the class, the frequency of each classis counted.

Remark: When raw data are grouped into classes, a certain amount of information is lost,

since no digtinction is made between observations faling in the same class.

Thelarger the classinterva is, the greater is the amount of information lost.

The smdler the dassintervd is, thelittle is the amount of information logt, but
the presentation of information is somewhat mideading because the smal
irregularitiesin the histogram merely reflect the accidents of sampling.
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ClassInterval = 2 ClassInterval = 7 Class Interval = 15
No. of No. of No. of No. of No. of No. of
Absences Observations Absences Observations Absences Observations
120-121 1 119-125 4 117-131 9
122-123 2 126-132 6 132-146 o]
124-125 1 133-139 34 147-161 17
126-127 0 140-146 59
128-129 0 147-153 15
130-131 5 154-160 2
132-133 1
134-135 15
136-137 17
138-139 32
140-141 19
142-143 8
144-145 2
146-147 0
148-149 7
150-151 2
152-153 6
154-155 0
156-157 0
158-159 2
Total 120 Tota 120 Total 120
(8) dases=3, dassinterva =15, toofew dases (b) dases=20, dassinterval = 2, too many dases
100 £2 —
0 D1
s 55
g a0 1 g 01
8 o g5
L 2. L 101
0 T T 2 :_!_!_i T 1 LI T T T T LI LI T !_!
No. of absenoss No. of absenoss
(c) classes=6, classinterval =7
70
60 -
& 50 A
§ 40
g @
L 20
10 1
0 —— —
No. of absences
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Presentation of the frequency ditribution can be in tabular form, or in graphical form that

is caled Histogram.

Histogram

A graphic presentation of afrequency distribution and is constructed by erecting barson

the classintervas.

If we have equd classintervas, we erect over each class arectangle whose height is
proportiond to the frequency of that class.

eg.ll

No. of No. of No. of No. of
Absences Observations Absences Observations

119-125 4 119-125 4
126-132 6 126-132 6
133-139 4 133-139 A
140-146 59 140-160 76
147-153 15
154-160 2

Total 120 Totd 120

(a) Histogram with equal classinterval

Frequency
N B D
o o o

——

I

o

1185

1255 1325 1395

Number of absences

1465 1535 160.5

If we have unequd dassintervd, the area of the bar over aclassinterval must be
proportiond to the frequency of the class.

(b) Incorrect drawn for distribution with
unequal classinterval

80 —
3 60 -
E o
o)
I 201
0 —
1185 1255 1325 1395 160.5

Number of absences

Page 11 of 17



- * i
- 5 . . .
L/ ' VE Tutor’ sversion Business | nformation Analysis
Business Administration Discipline Chapter 5

(c) Correct drawn for distribution with unequal
classinterval
80
& 60 1
I 20 -
0
1185 1255 1325 1395 160.5
Number of absences

Class Exercise 2:

Present the data set, in Class Exercise 1, in Histogram with equal class interval

Frequency Polygon

It is congtructed by plotting the class frequencies versus the class mid-pointsand then
connecting the points with sraight lines.

The polygon should touch the horizontal axis at both ends of the distribution by adding a
class (with zero frequency) to each end and induding their mid- pointsin the point
connection process.

eg.12

Frequency Polygon for the number of absences

~
o

Frequency

P N W b OO O
o O O O O o o
! ! ! ! ! !
T

115 122 129 136 143 150 157 164
No. of absences

Frequency polygon dlows comparing directly two or more frequency distributions.
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Sometimes, we require information on the number of observations whose numerical value
isless than a given value, thisinformation is contained in the cumulative frequency
digtribution, and a cumulative frequency distribution is represented graphicdly by Ogives.

1. A “LessThan” Ogive

We can use atable recording the cumulative “ less than” frequencies for the above

example (eg.11).
No. of Absences No. of Observations
lessthan 118.5 0
lessthan 125.5 4
lessthan 132.5 10
less than 139.5 44
less than 146.5 103
less than 153.5 118
less than 160.5 120

The accumulative frequencies are plotted against Lower class boundaries.

"LessThan" Ogivefor thedistribution of the number of
absences

=
N
o

120 1
100 1

Cumulative Frequency

oB88838

110 120 130 140 150 160 170
Number of absences
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2. A “MoreThan” Ogive

We can use atable recording the cumulative “ more than” frequencies for the above

example (e.g.11).
No. of Absences No. of Observations
more than 118.5 120
more than 125.5 116
more than 132.5 110
more than 139.5 76
more than 146.5 17
more than 153.5 2
more than 160.5 0
"MoreThan" Ogivefor thedistribution of the number of
absences
2 140
T 1201
% 100 1
L 80
2 e0-
T
E 20 -
3 o . . . . .
110 120 130 140 150 160 170
Number of absences

Class Exercise 3:

Congruct a“Less Than” Ogive for the data set in Class Exercise 1. Hence, find the
number of data that are greater than 50.
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Class:

Name:

Class Exercise 1 (Solution):

Stem-and-leaf display of the 50 data:

© 00 N o o~ W N PP O

=
o

79

85

377

02994
518415753
097790053
62728816
7082

9939

61

40 N =50

Revised Stem-and-leaf display of the 50 data:

© 00 N O O b~ W N P+ O

=Y
o

79

58

377

02499
113455578
000357799
12266788
0278

3999

16

04 N =50

No.:
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Class: Name:

Class Exercise 2 (solution):

Step 1 : Determine the number of class

Approximate number of class

Step 2: Determine the classinterval
Approximate classinterval

Step 3: Determine the class boundaries
Since the firgt class must cover the smdlest deta, 7, the arbitrary and convenient
vaue, 6.5, is chosen as the lower boundary of the first class.

90 the boundaries of the classesare:
6.510 20.5, 20.5t0 34.5, 34.5t0 48.5, 48.5t0 62.5, 62.5t0 76.5, 76.5 t0 90.5, and

90.5t0104.5

Step 4 : Determine the frequency for each class

(104-7) /7 = 13.86 @14

Class Frequency
6.5t0 20.5 4
20.5t0 34.5 6
34.5t048.5 11
48.51t062.5 12
62.5t0 76.5 7
76.5t090.5 6
90.5t0 104.5 4
Total 50

No.:

1+332210g(50) = 6.643978 @7

Histogram for classexercise 1

L
N b~
1

=
o
I

Frequency

O N b O ©
T R N

65 205 345

485 625

765 905 1045
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Class: Name: No.:

Class Exercise 3 (Solution):

Class Frequency
lessthan 6.5 0
lessthan 20.5 4
lessthan 34.5 10
lessthan 48.5 21
lessthan 62.5 33
lessthan 76.5 40
lessthan 90.5 46
lessthan 104.5 50

"Lessthan" Ogivefor thedata set in classex.1

60

o .
s © —
e "

10 /

0 = T T T T

0 10 20 30 40 50 60 70 8 90 100 110

About 22 data are smaller than 50, so about (50 - 22=) 28 data are greater than 50.
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