UNIT 5 :

Statistics and Graph Work

Statistics

18.1| INTRODUCTION

The word Statistics came into existence towards the middle of the eighteenth century. It
seems to have been derived from the Latin word ‘Status’ or the Italian word ‘Statista’ or the
German word ‘Statistik’; each of which means a ‘Political State’.

Formerly, the study of statistics was confined only to the collection of data used for the
government purposes; but nowadays, its scope is much wider.

Statistics is used in two different senses — singular and plural. When used as singular, it
refers to the whole subject as a branch of knowledge which deals with statistical principles and
methods used in collecting, analysing and interpreting data.

When used as plural, it refers to the numerical data, collected in a systematic manner, with
some definite object in view, in any field of enquiry.

For example, Statistics of :
(i) marks of students in the ICSE examination.
(ii) number of unemployed persons in different states of India, etc.

In mathematical statistics, first of all the numerical facts are collected with some definite
object in view and then these facts are organised and analysed to throw light on any sphere of

enquiry.
A set of collected numerical facts is called a set of data.
For example :
Consider the marks obtained (out of 10) in a class test by 6 students of class X.
Ashok 2 Meeta T Beena 8
Hemant 6 Shivani 9
Here, the set of marks; 2, 8, 9, 7, 6 and 5 is called a set of data.

18.2| VARIABLE

A quantity which can vary from one individual to another is called a variable.

e.g. height, weight, age, etc.

1. Continuous Variable :
A variable which can take any numerical value within a certain range is called a continuous
variable, e.g.

(i) wages of persons, (ii) heights of children,
(ii1) rainfall records of different cities on different days, etc.

2. Discrete (or, discontinuous) Variable :

A variable which is incapable of taking all possible numerical values is called a discrete
variable.




e.g. number of children in a family; (the number cannot take any value between 1 and 2, 2
and 3, 3 and 4, etc.).

3. Raw and Arrayed Data

Consider the marks obtained by 20 students in a test of 50 marks as given below :
08, 15, 23, 16, 46, 32, 42, 37, 28, 19, 45, 33, 22, 11, 20, 40, 50, 39, 34 and 49.

The data in the form, as given above, is called raw or ungrouped data.

If the above data is arranged in ascending or descending order, it is called an arrayed
data. '

*. Arrayed data in ascending order is :
08, 11, 15, 16, 19, 20, 22, 23, 28, 32, 33, 34, 37, 39, 40, 42, 45, 46, 49 and 50.
And, arrayed data in descending order is :
50, 49, 46, 45, 42, 40, 39, 37, 34, 33, 32, 28, 23, 22, 20, 19, 16, 15, 11 and 08.
18.3| TABULATION OF DATA

Consider fifteen children from three families A, B and C. The family A has five children out
of which three are boys and two are girls; the family B has four children out of which one is
a boy and three are girls; while family C has six children out of which four are boys and two
are girls.

These facts can be reprcsented by a table as shown below :

Girls Total
2 5
3 4
2 6
7 15

Such a representation of data in the form of a table is called tabulation.
184 FREQUENCY

It is a number, which tells, how many times does a particular data appear in a given set
of data. '

e.g. consider the following set of data :
1.2, 0.3, 2. 5L9 43,2512

In the given set of data, 1 appears 3 times; ... frequency of 1 is 3.
Similarly, 2 appears 4 times; therefore, frequency of 2 is 4 and so on.

18.5| FREQUENCY DISTRIBUTION

A tabular arrangement of data showing their corresponding frequencies is called a frequency
distribution.

The table showing data with their corresponding frequencies is called a frequency
distribution table.

223



1. Ungrouped Frequency Distribution :

Consider the following data which gives shoe-sizes of 19 pupils :
4 3 5 6 5 6 5
6 3 6 3 3 6 4
6 6 6 4 5

In order to construct a frequency table, make a table as shown below :

In the first column, write the shoe-sizes in ascending (or, descending) order.

The shoe-sizes of different pupils are recorded in the second column (headed with Tally
Marks) by marking a short vertical line called a stroke.

The marking of strokes is done as follows :

(i) The first shoe-size in the given data is 4, so make a stroke in the Tally Marks Column
opposite to size 4.

(ii) The next shoe-size is 3, so make a stroke opposite to size 3  and so on.

(iii) When four strokes are made opposite to any particular shoe-size, don’t make the fifth
stroke in the same way but make a stroke across the first four. This gives a bundle of five
strokes. The next stroke starts a new bundle.

(iv) When marking of the strokes is complete, count the strokes against each size and write in
the column headed as : Frequency.

The table obtained above shows ungrouped frequency distribution.

2. Grouped Frequency Distribution :
Following are the examples of grouped frequency distributions :




Solution :
The frequency table for the given distribution is :

Marks ' Tally Marks Frequency
i Here,
1-10 M 6 i ifxel-10
o 10
-0 b i i 8 Gl
4 e (i) ifxe 11 -20
21-30 TR M 1 = 1<z 20
e e and so on
31-40 [ n N F
Total 32
@  Given below are the marks obtained by 24 students in an examination :
I e ot 25 0 197 4l 02D
32 .43l 31 43 006 2% 4
29°  d0ae Sl 49 21, 34 3]
~ Taking class intervals 10 — 20, 20 — 30, ........c......, 50 — 60, make a frequency
~table for the above distribution. i
Solution :
The frequency table for the given distribution is :
Marks | Tally Marks Frequency
: : i - Here,
10-20 L 4 : (@) if xe 10 - 20
R e _ = 10< x<20
20-30 ; ML : 9 e
: : e ' (i) ifxe 20 - 30
30 — 40 i _ M 5 = 20< x<30
o 3 e and so on
40-50 M 6
Total 24

In this frequency distribution, the marks 40 are included in the class interval 40 - ¢
and not in 30 — 40. Similarly, marks 30 are included in the class interval 30 — 40 and not in.
20 - 30.

18.6| TYPES OF FREQUENCY DISTRIBUTIONS

In general, there are two types of frequency distributions :
(1) Inclusive (ii) Exclusive.

In an inclusive distribution, the upper limit of one class does not coincide with the lower
limit of the next class. (refer to solution of example 1). In example 1, let a mark ‘x’ belong to
the class interval 1 — 10; then it means that 1< x < 10.
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In an exclusive distribution, the upper limit of one class coincides with the lower limit
of the next class (refer to solution of example 2). Let a mark ‘x’ belongs to the class interval
10 — 20; then it means 10 < x < 20.

18.7| CLASS INTERVALS AND CLASS LIMITS

In case of an exclusive frequency distribution (refer to frequency table of example 2),
10 — 20 is called class interval which is bounded by two numbers 10 and 20. These numbers
are called class-limits; the smaller number 10 is called the lower class limit and the larger
number 20 is called the upper class limit.

Similarly, 20 — 30 is a class interval whose lower class limit is 20 and upper class limit is 30.

In case of an inclusive frequency distribution (refer to frequency table of example 1),
1 — 10 is a class-interval whose lower limit is 1 and upper limit is 10.

To ensure continuity and to geteorrectclasshnnts exclusive distribution should be adopted.
To convert inclusive class intervals into exclusive, the following adjustment should be made.

1. Adjustment :

Find the difference between the upper limit of one class and the lower limit of the next
class. Divide this difference by 2. The value so obtained is called the adjustment factor.

Subtract the adjustment factor from all the lower limits and add it to all the upper limits.
11-10 _ o5

In example 1, the adjustment factor is

The adjusted class would then be as follows :

Marks before adjustment Marks after adjustment Frequency
1-10 0-5-10-5 6
11-20 10:5-205 8
21-30 20-5-30-5 11
31-40 30-5-40-5 7

The class-limits obtained after adjustment are called the actual (or true) class-limits.
The actual (or true) class limits are also called class-boundaries.

2. Class-Size : The difference between the actual lower limit and actual upper limit of a class
interval is called its class-size.

In example 1, the class-size = 10-5 - 0-5 = 10
In example 2, the class-size = 20 — 10 = 10 and so on.

3. Class-Mark : The class-mark of the class interval is the value midway between its actual
lower limit and actual upper limit.

Thus, class-mark of 0-5 - 105 = ﬂzis— = 55
Class-mark of 10-20 = m."i'_zg =15 and so on.




TABLE

18.8 | CUMULATIVE FREQUENCY AND CUMULATIVE FREQUENCY

The cumulative frequency of a class interval is the sum of frequencies of all classes up to
that class (including the frequency of that particular class).
Thus cumulative frequcncy table for example 2 is as follows :

‘Marks Cumulative quuemy '
10-20 4 4
20-30 9 44+9=13
30-40 5 4+9+5=18
40-50 6 4+9+5+6=24
This table can also be written in the form of ‘less than’ cumulative frequency table as :
Marks ~ Cumulative Frequency
: - (i.e. No. of students)
less than 10 0
less than 20 +
less than 30 13
less than 40 18
less than 50 24
EXERCISE 18(A)

1. State, which of the following variables are
continuous and which are discrete :

(a) number of children in your class.
(b) distance travelled by a car.
(c) sizes of shoes. (d) time.
(e) number of patients in a hospital.

2. Given below are the marks obtained by 30
students in an examination :
08 17 33 41 47 23 20 34
09 18 42 14 30 19 29 11
36 48 40 24 22 02 16 21
15 32 47 44 33 01
Taking class intervals 1- 10, 11 — 20, ...........

41 - 50; make a frequency table for the above
distribution.

3. The marks of 24 candidates in the subject
mathematics are given below :
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45 48 15 23 30 35 40 11
29 0 3 12 48 50 18 30
15 30 11 42 23 2 3 44
The maximum marks are 50. Make a

frequency distribution taking class intervals
0-10, 10 - 20, .ccvvvvnerne N

. Fill in the blanks :

(a) A quantity which can vary from one
individual to another is called a .............

(b) Sizes of shoes are ............... variables.
(c) Daily temperature is ............... variable.

(d) The range of the data 7, 13, 6, 25, 18,
20, 16 1S ..corrreennne.

Range of the data is the difference
between the highest and the lowest
values.




(e) In the class interval 35 — 46; the lower
limit is ......cc.... and upper limit is ..........

(f) The class mark of class interval 22 — 29
18 sz

5. Find the actual lower class limits, upper class
limits and the mid-values of the classes :
10 - 19, 20 — 29, 30 — 39 and 40 — 49.

. Find the actual lower and upper class limits
and also the class marks of the classes :

1-1 = 2.0, 2-1 — 3-0 and 3-1 — 4-0.

. Use the table given below to find :

(a) The actual class limits of the fourth class.
(b) The class boundaries of the sixth class.
(c) The class mark of the third class.

(d) The upper and lower limits of the fifth class.
(e) The size of the third class.

Class Interval Frequency
30 - 34 7
35 -39 10
40 — 4 12
45 - 49 13
50 - 54 8
55 -59 4

. Construct a cumulative frequency distribution
table from the frequency table given below :

() Class Interval Frequency
0-8 9
8-16 13
16 -24 12
24 - 32 7
32-40 15
(ii) Class Interval Frequency
1-10 12
11-20 18
21-30 23
31-40 15
41-50 10

. Construct a frequency distribution table from -

the following cumulative frequency
distribution:
") Class Cumulative
Interval Frequency
10-19 8
20-29 19
30-39 23

40-49 - 30

(ii) C.L C.F.
5-10 18
10-15 30
15-20 46
20-25 73
25-30 90

10. Construct a frequency table from the following
data :

Marks No. of students
less than 10 6
less than 20 15
less than 30 30
less than 40 39
less than 50 53
less than 60 70

11. Construct the frequency distribution table from
the following cumulative frequency table:

Ages No. of students

Below 4 0

Below 7 85
Below 10 140
Below 13 243
Below 16 300

(i) State the number of students in the age
group 10 — 13.

(ii) State the age-group which has the least
number of students.

12. Fill in the blanks in the following table:

Class Interval Frequency Cumulative

Frequency
25 - 34 15
35 -44 28
45 - 54 A . e
55 - 64 16
65 — 74 73
75 - 84 12

13. The value of ® upto 50 decimal places is :
3-1415926535897932384626433832795
0288419716939937510
(i) Make a frequency distribution table of
the digits from O to 9 after the decimal
place.

(ii) Which are the most and the least occuring
digits ?




18.9| GRAPHICAL REPRESENTATION OF DATA

While reading a daily newspaper or a scientific article, most people either skip over the
column of figures or at the most get only a feeble idea about them. But when these figures are
graphically (pictorially) represented, it becomes more noticeable and eye-catching, leaving a
more lasting effect on the mind of the reader. Of course, a graphical representation should be
properly titled and labelled so as to convey to the reader, what it is about.

There are various methods of representing the numerical data graphically. Some of these are
given below :

18.10| GRAPHICAL REPRESENTATION OF CONTINUOUS FREQUENCY
DISTRIBUTION

1. Histogram :

In this case, the rectangles are drawn with class-intervals as bases and their heights are
proportional to the frequencies of respective classes.

Steps :
1. Convert the data into the exclusive form, if it is in the inclusive form.
2. Taking suitable scales, mark the class-intervals on x-axis and frequencies on y-axis.
[ The scales chosen for both the axes need not be the same. J

3. Construct rectangles with class-intervals as bases and the corresponding frequencies as
heights.

e Draw a histogram to rcpmsent.thc following :
Class-interval 0-10 10-20 20-30 30-40 40-50
Frequency 7. 12 15 10 6
Solution : | Ay
In a bar chart, the height of each bar matters %7
and not its width. Whereas, in histogram, the 14 1 F_
height as well as width of each rectangle T o
matter. ' -
510
Z
Z 54 |
o [ i
rc B ERERI
t EEE R
4 111
o E B B
a9 E ‘
0 40 20 30 40 50 2
CLASS-INTERVAL—>
o Draw a histogram to represent the following :
Class-interval | 40-48 | 48-56 | 56-64 | 64-72 | 72-80
Frequency IS 2s 35 30 10
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Solution :

itself.

Since the scale on x-axis starts at 40; a kink
(break) or a zig-zag curve is shown near the

origin to indicate that the graph is drawn to T
scale beginning at 40 and not at the origin

>
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40 48 56 64 72 80

e Draw a histogram for the following data :

CLASS-INTERVAL ——»

Class-interval

1-10

11-20

21-30 | 31-40

Frequency

7

12

15 13

Solution :

>

In this example, the class-intervals are inclusive. So, first convert the classes into the

exclusive form.

On making the classes exclusive (i.e. continuous), we get actual class-limits as :
0-5 - 105, 10-5 - 20-5, 20-5 - 30-5, 30-5 — 40-5.
Class-Interval
0-5-105
10-5-20-5
20:5 -30-5
30-5-405

2. Frequency Polygon :
When the mid-points of the adjacent class-intervals,

of the given frequency distribution, joined by straight
line segments, the figure so obtained is called a

frequency polygon.

y
Frequency A
14 S
12 T 12 =5 E
i
15 10 — a3
13 58— E B B
Z .
. E b b
L i E-‘ 3
L 4 } g F
i ) I i
2 — .: 1
0 05 105 205305 405

To complete the polygon, the mid-points at
each end are joined to the immediately lower or higher
mid-point at zero frequency, i.e. on the x-axis.

A frequency polygon can be drawn : (i) using histogram (ii) without using histogram.

Type 1 : Using histogram
Step :

CLASS-INTERVALS ——»

1. Using the given frequency distribution, draw a histogram.

2. Mark the mid-point of upper horizontal line of each rectangle.




3. Mark the mid-point of the class-interval, adjacent to first class-interval, at zero
frequency and also mark the mid-point of the class-interval, adjacent to last class-
interval, at zero frequency.

4. Join all the mid-points marked to get the required frequency polygon.

Draw a frequency polygon from the following data, giving the age of doctors
working in C.GH.S. in a city.

Age(inyears) | 25-30 | 30-35 | 35-40 | 40-45 | 45-50
No. of doctors 400 60 50 35 20
Solution :

The required frequency polygon is shown in the following figure.

Steps : AY

1. Draw a histogram for the given data. 60 — N

2. Mark the mid-point at the top of each Tso— *
rectangle of the histogram drawn. D 40—

3. Also, mark the mid-point of the Q30
immediately lower class-interval (in the §2o—
given example, the immediately lower 5.
class-interval is 20-25) and mid-point of o
the immediately higher class-interval (in = O T X

-l
20 25 30 35 40 45 50 55

the given example the i iate upper
given example the immediate upp AGE (IN YEARS)

class-interval is 50-55).
4. Join the consecutive mid-points marked by straight lines to obtain the required frequency
polygon.

Type 2 : Without using histogram

Step :
1. Find the class-mark (mid-value) of each given class-interval.
1 Upper limit + Lower limit
Class-mark = mid-value = > :

2. On a graph paper, mark class-marks along x-axis and frequencies along y-axis.

3. On this graph paper, mark points taking values of class-marks along x-axis and
the values of their corresponding frequencies along y-axis.

4. Draw line segments joining the consecutive points marked in step (3) above.

Do not forget to join the mid-value of the class-interval just before the first class and the
mid-value of the class-interval just after the last class. This completes the required frequency
polygon.

o Draw a frequency polyg“oﬁ from the following frequency distribtuion :

cL

10-20

20-30

30-40

40-50

50 - 60

60 - 70

f

E

8

12

10

7

4




Solution :

o1 Class-mark 7
.%(10 +20) = 15 4

T

30— 35 12
5 | 10
50- 55 7
60— 65 4
75 0

". The required frequency polygon will

ClL -

‘lﬂ
60
70
__"-70 80
be :
Using histogram | Without using histogram
: |
141 |
12 + 7( l
10 * |
1 8: |
4 -
] |
0 I L} ] ) > X |
10 20 30 40 50 60 70 80 I 10 20 30 40 50 60 70 80
Cl— ClL—
Make the follomng frequency polygons clear :
il hs s 10 | 15-20 | 20-25 | 25-30 | 30-35 | 3540
s 8 25 15 g 48
Using histogram | Without using histogram
s |
25 — 7§ | 25
> s i >
= | 15
15—
&, o
10 3 | 10
4 | 5
S |
T It 1 1 1 T 2 — | | B | i T 1 L) ] Ll ] : By’ | >
-5 0 5 10 15 20 25 30 35 40 45 | | R NS 0 B
l -




| EXERCISE 18(B)

. Construct a frequency polygon for the following distribution :

Class—mtervals A 0~4 a8 | 8-z | 1216 | 16-20 |20-24
Prequeney = by 4 O L 0 | s 117 0
! Construct a combined hlstogmm and frequency polygon for the following frequency dlstnbutlon
Class-mterva]s |10- 20 @_ 30 |30-40 | 40-50 |50-60
Frequency '.; 3 s e 4 2
. Construct a frequency polygon for the foliovnng data :

Class-intervals m 14 =i 9 . 20 24 | 25-29 | 30-34
Froqency | 5 | 8 | 12 | 9 | 4
. The daily wages in a factory are dlstl'lbutﬂd as follows :
Dmly wages (mi') ] 225 275 | 215-325 | 325-375
Numbm'nfworhers o 7B S TR T

Draw a frequency polygon for th15 dlstnbutxon

. Draw frequency polygons for each of the following frequency distribution :
(a) using histogram (b) without using histogram.

@

90-110| 110-130| 130150

A 5 e

R '. 35-45 | 45-55| 55-65
SR
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