il STATISTICS

14.1 Infroduction

In Class IX, you have studied the classification of given data into ungrouped as well as
grouped frequency distributions, You have also learnt to represent the data pictorially
in the Torm ol various graphs such as bar graphs, histograms (including those of varying
widths) and frequency polygons. In fact, you wenr a step further by swudying certain
numerical representatives of the tmgrouped data, also called measures of central
tendency, namely, mean, median and moede. Tn this chapter, we shall extend the study
of these three measures, i.e., mean, median and mode from ungrouped data to that of
grouped data. We shall also discuss the concept of comulative frequency, the
cumulative frequency disoribution and how to draw cumulative frequency curves, called
ogives,

14.2 Mean of Grouped Data

The mean (or average ) of observations, as we Imow, is the sum of the values of all the
observations divided by the total number of obscrvations. From Clags IX, recall thatif
X, Xye + o K are observations with respective frequencies f, f, . . ., [, then this
means observation x, occurs f, times, X, ocours f, times, and so on.

Now, the sum of the values of all the observations =fx, + fx,+ ...+ fx, and
the number of observations =f +f,+... +f.

So, the mean X of the data is given by
L T
L+ i+t

Recall that we can write this in short form by using the Greek lerter X (capiral
sigma) which means summation. That is,
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Zfx

.lil

X1

Let us apply this formula to find the mean in the [ollowing exarple,

which, more briefly, is written as ¥ = , if it is understood thai { varies from

1 twon.

Example 1 : The marks obtained by 30 students of Class X of a certain school in a

Mathematics paper consisting of 100 marks are presented in table below. Find the
mean of the marks obtained by the smdents,

Marks obtained | 10 | 20 | 36 |40 |50 | 56 |60 | 70 | 72 | 80 | BB | 92 | 95
(x,)

Number of L1 314|324 |94 13213112313
student (f)

Solution: Recall that to find the mean marks, we require the product of each x, with
the corresponding frequency f. So, let us put them in 4 column as shown in Table 14, 1.

Iahle 14.1

Marks obtained (x) Number of students (f)) Ix
10 1 10
20 1 20
36 3 108
40 4 160
50 3 150
56 2 112
o0 4 240
70 4 280
72 1 72
20 1 80
a8 2 176
g2 3 276
93 1 Q5

Total If =30 Xfx, = 1779
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Now, ¥=2t o —— 503

Therefore, the mean marks obtained is 59.3.

In most of our real life silwations, data is usually so large that to make a meaninglul
study it needs to be condensed as grouped data. So, we need to convert given ungrouped
data into grouped data and devise some method to find its mean,

Let us convert the ungrouped data of Example | into grouped data by forming
class-intervals of width, say 15. Eemember that, while allocating frequencies to each
class-interval, students falling in any upper class-limit would be considered in the next
class, e.g., 4 students who have obtained 40 marks would be considered in the class-
interval 40-55 and not in 25-40, With this convention in our mind, let us form a grouped
freguency distribution table (zee Table 14.2).

Table 14.2

Class interval 10-25 | 25-40 | 40-55 | 55-70 | 70-85 | 85-100

b
e
=4
n
o
an

Number of sindents

Now, for each class-interval. we require a point which would serve as the
representative of the whole class. Ir is assumed that the frequency of each class-
interval is centred around ity mid-paint. So the mid-point (or class mark) of each
class can be chosen to represent the observations falling in the class. Recall that we
find the mid-point of a class (or its class mark) by finding the average of its upper and
lower limits. Thatis,

Upper class limit + Lower class limit
2

Class mark =

10+25
With reference to Table 14.2, for the class 10-25, the class mark is —2—“ ST

17.5. Similarly, we can find the class marks of the remaining class intervals. We pat
them in Table 14.3. These class marks serve as our & 's. Now, in general, for the ith
class interval, we have the frequency f, corresponding (o the class mark x. We can
now proceed (o compute the mean in the same manner as in Example 1.
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Table 14.3

Class interval | Number of students (£) | Class mark ()|  fax,
10-25 2 175 350
25 - 40 3 125 975
40-55 7 475 3325
55-70 6 625 3750
7085 : 775 465.0
85- 100 5 925 555.0
Total 3f =30 $fx,= 18600

The sum of the values in the last column gives us £ f x. S0, the- raean x of the
oiven data is given by

c_ M 18600 _
- Ef 10 B

This new method of finding the mean 1s known as the Direct Method,

We ohserve that Tables 14.1 and 14.3 are using the same data and employing the
same formula for the calculaton of the mean but the results obtained are different.
Can vou think why this 13 s0. and which one 15 more accurate? The difference in the
two values 15 because of the mid-point assumption in Table 14,3, 59.3 being the exact
mean, while 62 an approximate mean.

Semetimes when the numerical values of x, and £, are large, finding the product
of x, and f becomes tedious and time consuming. So, [or such situations. let us think of
a method of reducing these calculations.

We can do nothing with the s, but we can change each x, o a smaller nuraber
so that our calculations become easy. How do we do this? What about subtracting a
fixed number from each of these x 's” Let us try this method.

The first step is to choose one among the x5 as the assumed mean, and denote
it by ‘a’. Also, 0 further reduce our calculation work, we may take “a” to be that x|
which lies in the centre of 1, 2 X, 50, we can choose a=47.5 ora = 62.5. Let
ug choose @ =47.5.

The next step is to find the difference 4, between a and each of the x;'s, that is.
the deviation ol ‘a2’ [rom each of the « s

e

L, d., =x-a=x- 47.5
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The third step is to find the product of d, with the corresponding f, and take the sum
of all the f d.’s. The caleulations are shown in Table 14.4.

Table 14.4
Class interval Number of Class mark d=x-475 fd.
students (f) (x )
In-25 2 17.5 =30 —60
25 -40 3 2235 —15 —45
40 - 55 7 475 0 n
55-70 (i1 G615 15 a0
T0 -85 6 775 30 10
85 - 100 6 92.5 45 270
Total If,= 30 Ifd = 435
; L= 4
So, from Table 14.4, the mean of the deviations, d = F

Now, ler us find the relation berween d and ¥.
Since in oblaining d,, we subtracted ‘a’ [rom each x, 50, in order (o gel the mean

%, weneed to add ‘a’ 1o d . This can be explained mathematically as:
Ifd,
I,
Sﬂ, E - Ef;‘{‘j‘: _d}
,
o 5 Ehe
o 5

1l

Mean of deviations, i

Il
=
|
=
i
i

1}
1
|
Lt

So, X=a+d

ie., r=4a
b3 8
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Substituting the values of a, Zfd, and Zf. from Table 14.4, we get

Therefore, the mean of the marks obtained by the students is 62.
The method discussed above 15 called the Assumed Mean Method.

Activity 1 : Froro the Table 14.3 find the mean by taking each of x (i.e;, 17.5, 32.5.
and so on) ag ‘a’, What do you observe? You will find that the mean determined in
earch case is the same, 1.e., 62. (Why 7

So. we can say that the value of the mean obtained does not depend on the
chodce of 'a’.

Observe that in Table 14.4, the values in Column 4 are all multiples of 15. So, if
we divide the values in the entire Column 4 by 15, we would get smaller numbers to
multiply with f. (Here, 15 is the class size ol each class interval.)

- 'tl - - .
So, letu = ———, where a is the assumed mean and h is the class size.

h

Now, we calculate w, in this way and continue as before (i.e., find f u and
then Lfu). Taking i = 15, let us form Table 14.5.

Table 14.5
: &y —~a
Class interval| f, X, d=x-a == In,
10 - 25 2 17.5 -30 -2 —+
25-40 3 325 —-15 -1 -3
40 - 35 7 475 0 0 0
55-70 6 62.5 15 1 (3
T0 -85 f 715 30 2 12
85 - 100 6 925 45 3 18
Total Ef =30 Efu =29
- Ejr:-i'-l!;
Let ¥ =
f;

Here, again let us find the relation between & and x.
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We hs _ A5 =8
& have, = P
. (X —a)
Ef}_ k- o B
Therefore, i = =, S 1 %E—ﬁ
Ir h Ef
_MEn ¥
~ h| Ef &
..
T h
SD, hit = x—a
Le, I=a+ hu
= Efu
So. T=a+h =L

Now, substituting the values of @, h, Efu and Zf from Table 14.5, we ge

¥ =475+ IS}-:(Z—E_}J
30

=475+ 145=6A2
So, the mean marks obtained by a student is 62,
The method discussed above is called the Step-deviation method.
We note that :

e the step-deviation method will be convenient to apply if all the s have a
common factor.

e The mean obtained by all the three methods is the same.

e The assumed mean method and step-deviation method are just simplified
forms of the direct method,

s Theformula X =a+ hit sill holds if & and k are not as given above. but are
L —a

I
Let us apply these methods im another example,

any non-zero numbers such that u, =
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Example 2 : The table below pives the percentage distribution of female teachers in
the primary schools of rural areas of various states and union lerritories (U T.) of
India. Find the mean percentage of female teachers by all the three methods discussed

in this section.

Percentage of
female teachers

15-25

25-35

35-45| 45-55| 55-65

65-75

73-85

Number of
Siates/U.T.

11

Source : Seventh All India School Education Survey conducted by NCERT

Solution : Let us find the class marks, x, of each class, and put them in a colurin

(see Table 14.63:

Table 14.6
Percentage ol female Number of x,
teachers States /U.T. (f)
15-25 ] 20
25-35 I 30
35-45 7 40
45 - 55 4 50
55-65 4 60
65-75 2 70
T5-85 1 20
Here we take a = 50, & = 10, then d = x — 50 and u, =" I'D?’-(-’

We now find d, and u, and put thera in Table 14.7.
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Table 14.7
Percentage of | Numberof | x | d=x-50| , =530 | rx | fd. | fu,
female states/U.T. R |
teachers (f)
15-25 6 20 =30 =3 120 | —180 | =18
25-35 1 30 [ -20 -2 330 [ =220 | -22
35-45 T 40 —L0 -1 B0 70| =7
45-55 4 50 0 0 00 of o
55-65 4 60 10 1 240 40| 4
65-75 2 0 20 2 140 40| 4
75 - 85 I 8D 30 3 80 30 3
Total 35 1390 |-360 |-36

From the table above, we obtain If = 35, Zfx = 1390,
Ej;dj == 360, I,ﬁul = =36,

Uging the direct method, x = Hi% = B =307
S
Using the assumed mean method,
") |
F = a2 3‘_5‘:” =39.71
Zf 35

Using the step-deviation method,

T g —36
Fog+]| =L wh=50+— |%¥10=739.71
» [ 5 ] [35 ]

Therefore, the mean percentage of fernale teachers in the primary schools of
rural areas is 39.71.

Remark : The result obtained by all the three methods 15 the same. So the choice of
method to be uged depends on the numerical values of x and f. If x, and [, are
sufficiently small, then the direct method is an appropriate choice. If & and f. are
nuwmnerically larze numbers, then we can go for the assumed mean method or
step-deviation method. If the class sizes are unequal, and x are large numerically, we
can still apply the step-deviation raethod by taking h to be a suitable divisor of all the d 5.
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Example 3 : The distribution below shows the number of wickets taken by bowlers in
one-day cricket matches, Find the mean number of wickets by choosing a suitable
method. What does the mean signify?

Number of 20-60 | a0-100 | 100- 150 150-250] 250-350 | 350 - 450
wlckets

Number of 7 5 16 12 2 3
howlers
Solution : Here, the class size varies, and the x5 are large. Let us stll apply the step-
deviation method with a= 200 and h = 20. Then, we obtain the data asin Table 14.§,
Table 14.8
d,
Number of | Number of x d =x~-200 %= uf,
wickets howlers
taken (f)
20 - 60 7 40 -160 -8 —56
6l - 100 S 20 =120 -6 =30
10D - 150 [+] 125 =75 =3.75 =60
150 - 250 12 200 0 1] 0
250-350 2 300 100 5 10
350 - 430 3 A0 200 10 30
Total 45 —106

= -106
S0, u =%- Therefore, ¥ =200+ Eﬂ[ﬁj =200 -47.11 = 152.89,

This tells us that, on an average, the number of wickets taken by these 45 bowlers
in one-day cricket is 152.89.

Now. let us see how well you can apply the concepts discussed in this section!
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Activity 2 ;
Divide the students of your class into three groups and ask each group (o do one of the
following activities.

I. Collect the marks obtained by all the students of your class in Mathematics in the

latest examimation conducted by your school. Form a grouped frequency distribution
of the data obtained.

2. Collect the daily maximurm temperatures recorded for a period of 30 days in your
city. Present this data as a grouped frequency table.

3. Measuore the heights of all the students of your class (in cm) and form a grouped
frequency distribution table of this data.

After all the groups have collected the data and formed grouped frequency
distribution tables, the groops should find the miean in each case by the method which
they find appropriate.

EXERCISE 14.1

1. A survey was conducted by a group of students as a part of their environiment awareness
programime, in which they collected the following data regarding the nzmber of plants in
20 houses in a locality. Find the mean namber of plants per honse.

Nomberofplants | 0-2 | 2-4 (4.6 | G-§ | 8-10 | 10-12 | 12-14
Nuomber of houses I 2 1 2 6 2 3

Which method did you oze for finding the mean. and why?
2. Consider the following disiribution of daily wages of 30 workers of a factory,

Draily wages {in¥) 100- 120 | 120-140 | 140-160 | 160- 180 | 180-200
Number of workers 12 14 g ] i

Find the mean daily wages of the workers of the factory by using an appropriate method.

3. The following distribution shows the daily pocket allowange of children of a locality,
The mean pocket allowancs isRs 18, Find the missing frequency £

Daily pocket 11-=13 [ 1315 | 1507 | 17<19 | 19=21 |:21-23 | 23=25
allowance (in¥)

Number of children 7 f 9 13 i 3 4
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4. Thirty women were examined in a hospital by a doctor and the number of heart beats per
minute were recorded and sumamarised as follows, Find the mean heart beats per minute

for these wormoen, choosing a suitable method.

Number n!hﬂr[heaul 65-63
per minuie

6s8-71 | 71-74

4-77

77-80 | 80-83

83-80

Nurnber of women 2 4 3

4 2

5. In a reiail market, froit vendors were selling mangoes Kept in packing boxes, These
boxes contwined varying number of mangoes, The following was the distribotion of

mangoes according 1o the number of boxes,

Number of mangoes | 50 -52 | 53-355

36 - 58

59 -8l

62 - 64

Number of boxes 15 0

135 115

2

Find the mean number of mangoees kept i a packing box. Which method of finding

the mean did you chooge?

6. The table below shows the daily expenditure on food of 23 households in a locality,

Daily expenditore | 100-150 | 150-200 | 200-250 | 250-300 [ 300-350
(inT)

Number of 4 5 i2 = 2
hounseholds

Find the mean daily ezpenditure on food by a suitable method.

7. To find out the concentration of SO, in the air (in parts per million, i.e., ppr), the daia

was collected for 30 localities in a certain city and 15 presented below:

Concentration of SO, (in ppm)

Freguency

0,00 - 0.04
0.04 - 0.08
0.08 - 0.12
0.12 - 016
0.16 - 0.20
0.20-0.24

B B R WD W B

Find the mean concentzation of S(}l in the air.
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8. A class teacher has the following absentee record of 40 students of a class for the whole
term. Find the mean number of days a student was absent,

MNomberof | 0-6 | 6- 10) 10- 14|14 - 20] 20 -28 ] 28 - 38|38 - 40

Mumber of 1 11} 7 4 4 3 |
students

9. The [ollowing table gives the literacy rate (in percentage) of 35 cities. Find the mean
literacy rate.

Literacyrate(in %) | 45-35 | 55-65 | 65-75|75-85 | 85 - 95

Number of cities 3 10 11 3 3

14.3 Mode of Grouped Dala

Recall from Class X, a mode is that value among the observations which occurs most
often, that is, the value of the observation having the maximum frequency. Further, we
discussed finding the mode of ungrouped data. Here, we shall discuss ways of obtaining
a mode of grouped data. Tt is possible that more than one value may have the same
maximum frequency. Tn such situations, the data is zaid to be multimodal. Though
grouped data can also be multimodal, we shall restrict ourselves o problerns having a
single mode only.

Let us first recall how we found the mode for ungrouped data through the following
example.
Example 4 : The wickets taken by a bowler in 10 cricket matches are as follows:
2 6 4 5 0 2 1 3 2 3
Find the mode of the data,
Solution : Let us form the frequency distribution table of the given data as Tollows:

Number of ] 1 2 3 (il 5 6
wickets
Number of 1 1 3 2 1 1 1

matches
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Clearly, 2 iz the number of wickets taken by the bowler in the maximum number
{i.e., 3) of matches. So, the mode of this dara i= 2.

In a grouped frequency distribution, it is not possible to determine the mode by
looking ‘at the frequencies. Here, we can only locate a class with the maximum
frequency, called the meodal class. The mode is a value inside the modal class, and is
given by the formula:

Mode = [ + Lf“ % h
2fi=fo— 1
where [ = lower limit of the modal ¢lazs,
h = gize of the class interval (assuming all class sizes to be equal),
S, = frequency of the modal class,
[, = frequency of the class preceding the modal class,
f, = frequency of the class succeeding the modal class.
Let us consider the following examples to illustrate the use of this formula.
Example 5 : A survey conducted on 20 households in a locality by a group of students

resulted in the following frequency fable for the number of family members in a
household:

Family size 1-3 3-5 5-7 7-9 9-11

Number of 1 8 2 2 1
families

Find the mode of this data.

Solution ; Here the maximum class frequency is 8, and the class corresponding to this
frequency is 3 - 5. So. the modal class is 3 - 5.

Now
modal clags =3 - 5, lover limit (/) of modal class = 3, class size (h) =2
[requency ( £, ) of the modal class = 8,
frequency ( f,) of class preceding the modal class =7,
frequency ( f,) of class succeeding the modal class = 2,

MNow, let us substtute these values in the formula ;
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Mode = I+[ﬁ * h
2h=-fh- 1

a4 —3=7  la-342-3286
28 -7-2 T

Therefore, the mode of the data above 15 3,286,

Example 6 : The marks distmbution of 30 siudents 1n a mathematics examination are
given in Table 14.3 of Example 1. Find the mode of this data. Also compare and
interpret the mode and the mean,

Solution : Refer to Table 14.3 of Example 1. Since the maximum number of students
(i.e.. 7) have got marks in the interval 40 - 55, the modal class is 40 - 55. Therefore,

Lthe lower limit { f ) of the modal class = 40,

the class size (h) = 15,

the frequency { f;) of modal class =7,

the frequency (/) of the class preceding the modal class = 3,

the frequency ( f,) of the class succeeding the modal class = 6.
Now, using the formula:

Mode= [+ | —=—— Ixh,
’ +[-2ﬁ—f¢—f;]”

7—3
= 40+ ——— [x15 =52
we agl Mode []4_5_3] 5
So, the mode marks 1z 52,
Now, from Example |, you know that the mean marks is 62,

So, the maximum number of students obtained 52 marks. while on an average a
student obtained 62 marks.

Remarks :
|, In Example 6, the mode is less than the mean. But for some other problems it may
be equal or mare than the mean also.

2. It depends upon the demand of the situation whether we are interested in finding the
average marks obtained by the students or the average of the marks obtained by most
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of the students. In the first situation, the mean is required and in the second situation,
the mode 15 required.

Activity 3 : Continuing with the same groups as formed in Activity 2 and the situations
assigned to the groups. Ask each group to find the mode of the data. They should also
compare this with the mean, and interpret the meaning of both.

Remark : The mode can also be calculated for grouped data with unequal class sizes.
However, we shall not be discussing it.

EXERCISE 14.2
1. The following table shows the ages of the padens admitied in a hospial during a vear:

Age (in years) a-15 | 15-35 | 25-35 | 35-45 | 45-55 | 35-65

Number of patients fi 1 21 23 14 5

Find the mode and the mean of the data given above. Compare and interpret the two
measures of gentral tendemcy.

2. The following data gives the information on the observed Tifetimes (in hours) of 223
electrical components |

Lifetimes (inhours) | 0-20 | 20-40 | 40-60 | 60-80 | 80- 100| 100-120
Frequency 10 35 1 Gl 38 p..]

Determing the modal liferimes of the components,

3. The following data gives the distribution of total monthly household expendire of 200
families of a village. Find the modal monthly expenditure of the families, Also, find the
mizan monthly expendinire ;

Expenditure (in¥) Number of families

1000 = 1500
15000 - 2000
2000 - 2500
2500 - 3000
3000 - 3500
3500 ~ 4000
A - 4500
AS(K)- 5000

«aRBRERESER
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4. The [ollowing distribution gives the stale-wize teacher-student rabio in higher
secondary schools of India. Find the mods and mean of this data: Interpret the two

measures.

Numnber of students per teacher

Number of states /UT.

15-20
20-125
23-30
30-35
35-40)
401 -45
45-30
a0=-33

oo W

{5 B e TEE o O %

5. The given distibution shows the number of runs scored by some top batsmen of the
waorld in one-day international cricket majches.

Runs scored

Number of hatsmen

30004000
A00G - 3000
5000 - G000
6000 - 7000
T000 = 8000
H000 - 9000
000 - 10000
10000 - 11000

4
18

(S e T & R+ TR R ™+ ]

Find the mode of the da,

6. A student noted the nomber of cars passing through a spot on a road for 100
periods each of 3 mioures and summarised it in the table given below. Find the mode

of the daga
Nomberofcars | 0-10 | [0-20 20-30 | 30-40| 40-350 | 30- 60| 60-70] 70-80
Frequency 7 I+ 13 2 2 1 I5 )
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14.4 Median of Grouped Data

As you have studied in Class 1X, the median is a measure of central tendency which
gives the value of the middle-most observation in the data. Recall that for finding the
median of ungrouped data, we first arrange the data values of the observations in

H+1]

ascending order. Then. if n i= odd, the median is the { 3 )Ih observation. And, it n

is even. then the median will be the average of the gth and the ( ; + ]]th observations.

Suppose, we have to find the median of the following data, which gives the
marks, out of 530, obtuined by 100 students in a test :

Marks obtained 20 |29 | 28 (33 |42 | 38 | 43 | 25

Number of students | 6 28 24 15 2 4 1 20

First, we arrange the marks in ascending order and prepare a frequency table as
lollows :

Table 14.9
Marks obtained Number of students
(Frequency)
20 6
25 il
28 24
29 28
33 15
38 +
42 2
43 1
Total 100
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Here no= 100, which is even. The median will be the average of the % th and the

™
[% i+ lth observations, 1.e., the 50th and 518t observations, To find these

observations, we proceed as follows:

Table 14.10
Marks obtained Number of students
20 f
upto 25 6+20=26
upto 28 26424 =350
upto 29 50+28=T78
upto 33 T84+ 15=93
upto 38 03 +4=97
upto 42 97 +2=99
upto 43 99+ 1 =100

Now we add another column depieting this information (o the frequency table
above and name il a5 cumulapive frequency Collmi,

Tahle 14.11
Marks obtained Number of students Cumulative frequency
20 6 o
25 20 26
28 24 50
29 28 78
33 15 o3
38 4 97
42 b "
43 1 100
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From the table abhove, we see that:
50th ohservaton is 28 (Why?}
51st observation is 29

28 +29

S0, Median= =2R.5

Remark : The part of Table 14.1] congisting Column | and Column 3 is known as
Cumulative Frequency Table. The median marks 28.5 conveys the information that
about 50% students obtained marks less than 28.5 and another 509% students obtained
marks more than 28.5,

Now, let us see how to obtain the median of grouped data, through the following
situation.

Comsider a grouped frequency distribution of marks obtained, out of 100, by 53
students, in a3 certain examination, as follows:

Table 14.12

Marks Number of students

0-10
10-20
20- 30
30-40
40- 50
50 - 60
60- 70
70- 80
80 -90
90 - 100

a5 <3 W =3 A W G s bt e

From the table above, try to answer the following questions:

How many studentz have scored marks less than 107 The answer is clearly 3.
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How many students have scored less than 20 marks? Observe that the number
of students who have scored less than 20 inclode the number of students who have
seored marks from (0 - 10 as well as the number of students who have scored marks
from 10 - 20. So. the total number of students with marks less than 20i2 54 3, i.e., 8
We say that the cumulative frequency of the class 10-2( 15 8,

Similarly, we can compute the cumulative frequencies of the other classes, 1.e.,
the number of students with marks less than 30, less than 40, . . ., less than 100. We
give them in Table 14.13 given below:

Table 14.13

Marks obtained Number of students
{(Cumulative frequency)

Less than 10 5

Less than 20 5+43=8

Less than 30 84+4=12

Less than 40 1243=15
Less than 50 154+3=18
Less than 60 18+4=22
Less than 70 2247=29

Less than 80 294+ 9=38
Less than 90 I8+ 7=45
Less than 100 45+ 8=53

The distribution given above is called the cumulative frequency distribution of
the less than type. Here 10, 20, 30, . ., 100, are the upper limits of the respective
class infervals.

We can similarly make the table for the number of students with scores, more
than or equal to 0, more than or equal to 10, more than or equal to 2{}, and so on. From
Table 14.12. we observe that all 53 students have scored marks more than or equal to
0. Since there are 5 stadents scoring marks in the interval 0 - 10, this means that there
are 33 — 5 = 48 students getting more than or equal to 10 marks, Continuing in the
game manner, we get the number of students scoring 20 or above as 45 =3 =43, 30 or
above as 45 — 4 =41, and 50 on, a8 shown in Table 14,14,
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Table 14.14
Marks obtained Number of students
(Cumulative frequency)

Maore than or equal to 0 53

More than or equal to [0 53-5=48
More than or equal 10 20 48 —-3=45
More than or equal to 30 45 -4=41
More than or equal to 44) 41 —3=338
More than or equal to 50 38-3=35
More than or equal to 60 35-4=131
More than or equal to 70 31-7=24
More than or equal to 80 24-9=15
More than or equal o 90 15-7T=8

The table above 1= called a cumularive frequency distribution of the more
than type. Here 0, 10, 20, . _ ., 90 give the lower himits of the respective class intervals.

Now, to find the median of grouped data, we can make use of any of these
cumulative frequency distributions,

Let us combine Tables 14.12 and 14.13 to get Table 14,15 given below:

Table 14.15

Marks Number of students (f) Cumulative frequency (cf)

0-10 5 5
10 - 20 3 B
20-30 + 12
30-40 3 15
40 - 50 3 18
50 -6 -+ 22
60 - 70 7 29
T0 - 80 9 38
80 - 90 7 45
90 - 100 8 53

Now in a grouped data, we may not be able to find the middle observation by
looking at the cunmlative frequencies as the middle observation will be some value in
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a class interval. Tt is, therefore, necessary to find the value inside a class that divides
the whele distribution into two halves. But which clazs should this be?

n
To find this class, we find the cumulative frequencies of all the classes and g

We now locate the class whose cumulative frequency is greater than (and nearest (o)
i n
5 Thigis called the median ¢lass. In the distribution above, .= 53. S0, = 26.5.

L E -

Now 60 — 70 is the class whose cumulative frequency 29 is greater than (and nearest
n +
Lo ? e, 265,

Therelore, 60 — 70 i the median class.

After finding the median class, we use the following formula for caleulating the
median.

n
—=of
Median= | + | 2 xh,
f
where ! = lower limit of median class,

n = number of observations,
cf = cumulative frequency of class preceding the median class,
f= frequency of median class,

h = class size (assuming class size to be equal).

" .
Substituting the values priE= 265, 1=60,cf=22,f=T7.h=10

in the formula above, we get

B |
Median= 60 + (M]x 10

45
=ﬁ{i+ 7

= 6b.4

So, about half the students have scored marks less than 66,4, and the other half have
scored marks more than 66.4,
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Example 7 : A survey regarding the heighis (in cm) of 51 girls of Class X of a school
was conducied and the following data was obtained:

Height (in cm) Number of girls
Less than 140 +

Less than 145 11

Less than 150 29

Less than 155 40

Less than 160 46

Less than 165 51

Find the median height.

Sulution : To calculate the median height, we need to find the class intervals and their
corresponding frequencies,

The given distribution being of the less than type, 140, 145, 150, .. ., 165 give the
upper limits of the corresponding class intervals. So, the classes should be below 140,
140 - 145, 145- 150, .. ., 160 - 165. Observe that from the given distribution. we find
that there are 4 girls with height less than 140, i.e., the frequency of class interval
below 140 is 4. Now, there are 11 girls with heights less than 145 and 4 girls with
height less than 140. Therefore, the number of girls with height in the interval
140 - 145 iz 11 — 4 = 7. Similarly, the frequency of 145 - 15035 29 - 11 = 18, for
150 - 155, itis 40— 29 = |1, and s0 on. So, our frequency distribution table wiih the
given cumulative frequencies becomes:

Table 14.16
Class intervals Frequency Cumulative [requency
Below 140 ) 4
140 - 145 7 1
145- 150 18 s
150-155 11 40
155- 160 6 46
160- 165 3 3l
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n_ 3l
Now n=>51.80, 5 = 5 =25.5 . This observation lies in the class 145 - 150. Then,
{ (the lowerlimit) = 145,
cf (the cumulative frequency of the class preceding 1453 - 150) =11,
[ (ihe frequency of the median class 145 - 150} = 18,

h (the class size) = 3.

E—cf

Using the formula, Median = / + ;’T X h | we have

Median = 145 +[25'5 -1 Jxﬁ

T3
= 145+ 18 =149.03.

So, the median height of the girls is 149.03 cm.

This means that the height of about 50% of the girls is less than this height, and
50% are taller than this height.

Example 8 : The median of the following data iz 525. Find the values of x and y, if the
total frequency is 100,

Class interval Frequency

0-100 2
100 - 200 5
200 - 300 -5
300 - 400 12
400 - 300 17
500 - 600 20
600 - 00 ¥
700 - 800 9
800 - 900 7
SO0 - 1000 4
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Solution :
Class intervals Frequency Cumulative frequency

0-100 2 2

100 - 200 5 7

200 - 300 x T+x

300 - 400 12 194+x

404 - 500 17 36 +x

500 - 600 20 56+x

600 - 700 ¥ S6+x+y

700 - 300 9 65+x+y

800 - 900 7 T2+x+y

900 - 1000 4 T6+x+¥

It is given that n = 100

So. T6+x+y=100, ie, x+y=24 (1}
The madian is 525. which lies in the class 500 — 600

So, I=500, f=20, cf=36+x h=100

i
e i

Using the formula : Median= 1 +| 2 F h, we get

525 = 500+ [»’:-@_ﬁffjx 100
20

iLe. 525-500= (14-x) x5
L., 25=70-5x

ie, Sx=T0-25=43
Sa, x=9

Therelore, [rom (1), we gel 9+y= 24
e y= 15



286 Mamimaaaics

Now, that vou have studied about all the three measures of central tendency, let
us discuzs which measure would he best swited for a particular reguirement.

The mean is the most frequently used measure of central tendency because it
takes into account all the observations, and lies between the extremes, i.e., the largest
and the sroallest observations of the eatire data. Tt also enables us to compare two or
more disibutions. For example, by comparing the average (mean) results of students
of different schools of a particular examination, we can conclude which school has a
better performance.

However., extreme values in the data affect the mean. For example, the mean of
classes having frequencies more or less the sanie is a good representative of the data.
But, if one clasz has frequency, say 2. and the five others have frequency 20, 23. 20,
21, 18, then the mean will certainly not reflect the way the data behaves. So, in such
cases, the mean ig nol a good representative of the data.

Inproblems where individual observations are not imporiant, and we wish to find
out a ‘typical” observation, the median is more appropriate, e.g., finding the typical
productivity rate of workers, average wage in a country, etc. These are sitnations
where extreme values may be there. So, rather than the mean, we take the median as
a better measure of central tendency.

In simuations which require establishing the most frequent value or most popular
item, the mode is the best choice, e.g., to find the most popular T.V. programme being
watched, the consumer item in greatest demand, the colour of the vehicle used by
most of the people, etg.

Remarks :

I. There is a empirical relationship between the three measures of central tendency :
3 Median = Mode + 2 Mean

2. The raedian of grouped data with unequal class sizes can also be calculated. However,
we shall not discoss it here.
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EXERCISE 14.3

1. The following frequency distribution gives the monthly consumption of eleciricity of
68 consumers of a locality. Find the median, mean and mode of the data and compare

them.
Monthly consumpiion (in units) Number of consumers

65-85 4

85-105 5
105-125 13
125-145 20
145- 165 14

165- 185 3
185-205 4

2. 1 the median of the digiribution given below ig 28.5. find the values of x and y.

Class interval Frequency
n-10 5
10- 20 x
20- 30 20
30- 40 15
40-50 ¥
50- 60 5
Total &

3. Alife insurance agent found the following data far distribution of ages of 100 policy
holders. Caleulate the median age, if policies are given only w perzons having age |28
years onwards but less than 8() year,
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Age (in years) Number of policy holders
Below 20 2
Below 25 B
Below 30 A
Below 35 45
Below 40 T8
Below45 29
Below 30 o2
Below 55 o8
Below 60 100

4. The lenpgths of 40 leaves of 4 plant are measured correct (o the nearest millimelre, and
the data obtained is represented in the following table ;

Length (in mm) Number of leaves
118- 126 3
127-135 5
136- 144 9
145-153 12
154-162 5
163~ 171 4
172- 180 2

Find the median length of the leaves.

(Hint : The data needs 1o be converted to continuous classes for finding the median,
singe the formula assumes ¢ontinuous classes. The ¢lasses then change Lo
[17.5-126.5,126.5- 1355, .., I71.5 - 180.5.)
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5. The following table gives the distribution of the life time of 400 neon lamps ;

Life time (in hours) Number of lamps

1 306k = 2000
2000 - 2500
2500 - 3000
3000 - 3500
3500 -4000
4000 -4300
4500 - 5000

2B EBERBEARE

Find the median life time of a lamp,

6. 100 surnames were randomly picked up from a local telephone divectory and the
frequeney distribution of the number of letteis in the Englizh alphabets in the surnames
wag obrained as follows:

Number of letters 1-4 4-7 7-10 | 10-13 | 13-16 | 16-19

MNumber of surnames & o 40 16 4 4

Dietermine the median nomber of letters in the sumames. Find the mean number of
latters in the simames? Also, find the modal size of the surnames.

7. The distribution below gives the weights of 30 sudents of a class. Find the median
weight of the smdents,

Weight (inkg) 40-45 | -45-50 | 50-55 | 55-60 | 60-6% | 65-70| TO-"T5

Number of studenis 2 3 g ) 6 3 2

14.5 Graphical Representation of Comulative I'requency Distribution

As we all know, pictures speak befter than words. A graphical representation helps us
in understanding given data at a glance. In Class TX, we have represented the data
through bar graphs, histograms and frequency polygons, Let us now represent a
cumulative frequency distribution graphically,

For example, let us consider the cumulative frequency distribution given in

Table 14.13.
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Recall that the values 10, 20, 30, T
.« . 100 are the upper limits of the
respective class intervals. To represent %‘ 60
the-datain the table graphically, we mark 2 50
the upper limits of the classintervalson  E “Less than” ogive —_
the horizontal axis (s-axis) and their 2 b
comesponding cumulative frequencies g 30
on the vertical axis (v-axis), choosinga E 20
convenient scale. The scale maynotbe 5 10
the same on both the axis. Let us now 01120 30 4p 50 €0 70 80 90 100
plot the points corresponding to the Upper limits—s>
ordered pairs given by (upper limit,
corresponding cumulative frequency). Fip. 14.1

ie, (10, 53, (20, 8), (30, 12), (40, 15),

(50, 18), (60, 22), (70, 29), (80, 38), (90, 45), (100, 53) on a graph paper and join them
by a free hand smooth curve. The curve we get is called a camulative frequency
curve, or an ogive (of the less than type). (See Fig. 14.1)

The term “ogive’ is pronounced as “ojeev” and is derived from the word ogee.
An ogee is a shape consisting of a concave arc flowing into a convex arc, so
forming an S-shaped carve with vertical ends. In architecture, the ogee shape
is one of the characterisfics of the 14th and 15th century Gothic styles.

Mext, again we consider the cumulative frequency distribution given in
Table 14.14 and draw its ogive (of the more than type).

Recall that, here 0, 10,20,.. .90 T
are the lower limits of the respective class E 6i)-
intervals 0 - 10, 10-20,....90-100. To &

“Maore than' ogive

=
represent “the more than type’ graphically, E - |
we plot the lower limits on the x-axis and @ 40

= 3“ il

the corresponding curulative frequencies 8
on the y-axis. Then we plot the points E 201
{lower limit, corresponding cumulative = 107
frecuency), i.e., (0, 53), (10, 48), (20, 45), Um
(30, 41), (40, 38), (50, 35), (60, 31), et 3

{70, 24), (B0, 15), (90, 8}, on a graph paper, Fig. 14.2

and join thern by a free hand smooth curve. N

The curve we get is a curmelative frequency curve, or an ogive (of the maore than

type). (See Fig. 14.2)
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Remark : Note that both the ogives (in Fig. 14.1 and Fig. 14.2) correspond to the
same data, which is given in Table 14.12.

Mow, are the ogives related (o the median in any way? Is it possible 10 obtain the
median from these two curmulative frequency curves corresponding to the data in
Table 14,127 Let us see.

t
One obvious way is to locate & gp
=
[F —
0
n_33 26.5 on the y-axis (sse Fig. E‘ >
2 2 & 40
14.3}. From this point, draw a line parallel .E LLL S
to the x-axis cutting the curve at a point. £ 20 :
From this point, draw a perpendicularto £ 10 :-!\rledi,an 4
the x-axis: The point of intersection of <

: : : ; O 10 20 30 40 50 60 70 80 90 100
this perpendicular with the x-axis Upper limits —
determnines the median of the data (see

Fig. 14.3). Fig. 14.3

Another way ol obtaining the
median is the following :

Draw both ogives (i.e., of the less
than type and of the more than type) on
the same axis. The two ogives will
intersect each other at a point. From this
point, if we draw a perpendicular on the i IR JUR -~ i
x-axis, the point at which it cuts the 10 20 30 40 50 607080 90 100
x-axis gives us the median (see Fig. 14.4), Median (66.4)

Fig. 14.4
Example ¥ : The annual profits earmed by 30 shops of a shopping complex in a
locality give rise (o the following distribution :

Cumulative frequency —»

Profit (in lakhs 7) Number of shops (frequency)
More than or equal to 3 30
More than or equal to 10 28
More than or equal lo 15 16
More than or equal to 20 14
More than or equal to 25 10
More than or equal to 30 7
More than or equal to 35 3
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Draw both ogives for the data above.
Hence obtain the median profit,

Solution : We Tirst draw the coordinate
axes, with lower himits of the profit along
the horizonial axis, and the cumulative
frequency along the vertical axes. Then,
we plot the points (5, 30), (10, 28), (15. 16),
(20, 14), (25, 10), (30, 7) and (35, 3). We
join these points with a smooth curve o
get the “more than” ogive, as shown in
Fig. 14.5.

Now, let us obtain the classes, their
frequencies and the cumulative frequency
from the table above.

Cumulative frequency —

Table 14.17

= k2 L L LN
= — I — I — I —
———+—

L
-

L
-

=]

10 20 30 40 50
Lower limits of profit —
(in lakhs Rs)

Fig. 14.5

Classes 5-101] 10-15

15-20

20-25

25-30] 30-35|35-40

No. of shops 12 2

4

Cumulative 14 ]

frequency

20

23

Using these values, we plot the points
£10,2), (15, 14), (20. 163, (25, 20), (30, 23},
(35, 27), (40, 30} on the same axes as in
Fig. 14.5 to ger the ‘less than™ ogive, as
shown in Fig. 14.6.

The abcissa of their point of intersection is
nearly 17.5. which is the median. This can
also be verified by using the formula.
Hence, the median profit {in lakhs) is

Rs 17.5.

Remark : In the above examples, it may
be noted that the class intervals were
continuous. For drawing ogives, it should
be ensured that the class intervals are
continuous. (Also see construgtons of
histogramis in Class IX)

Commlative frequency ——

L

: 2

‘Muore than’ ogive

|

Lss than

L1

ogive

LY
-

10 T?'.l] . 40 50
Median {17.5)
Profit (in lakhs Rs) ——>

Fig. 14.6
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EXERCISE 144
1. The following distribution gives the daily income of 50 workers of a factory.

Dadly income (in¥)

100 - 120

120 - 14()

140 - 160

160 - 180

1800 - 204)

MNumber of workers

12

4

8

]

10

Conwvert the distribution above o a leas than type cumulative frequency distribution,

and draw its ogive,

2. During the medical checlc-up of 33 smudents of a class. their weights were recorded as

lollaws:

Weight (in kg)

Number of students

Legs than 48
Less than 40
Less than 42
Legs than 44
Less than 46
Less than 48
Lezs than 50
Less than 52

HHEHEE wwae

Draw a less than type ogive for the given data. Hence obtaim the median weight from

thz graph and verify the result by using the formula.

3. The following table gives production yield per hectare of wheat of 100 farmg of o village,

Production yield 50-55 | 55-60 | 6D-65 | 65-T0 | 70-75 | 75-80
{in kg/ha)
Number of farms 2 8 12 o 3R Ia

Change the digtribution to @ maore than type distribution, and draw its ogive.

14.6 Summary
In this chapter, you have studied the following points!

1. The mean for grouped data can be found by ;

(i) the direct method : ¥ =

7
X,
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(i} the assumed mean methed : ¥ =a + ;ﬁﬁ

5f

p
(ti} the step deviation method: ¥ =0 +[%}xh ;

with the assumption that the frequency of a class is centred at its mid-point, called its
class mark,

The mode for grouped data can be found by using the formuia;

Mode= 14| == e
\eh—fo- 12
where symbaols have their usual meanings.
The cumulative frequency of a class is the frequency obtamed by adding the frequencies
of all the classes preceding the given class.

The median for grouped data is formed by using the formula:

where symbals have their usual meanings.
Representing a curmulanve frequency distribution graphically as a comuolaiive fraquency
curve, or an ogive of the lege than type and of the more than type.

The median of grouped data can be obtained graphically as the r-coordinate of the point
of intersection of the two ogives for this data.

A NoTE 10 THE READER

For calculating mode and median for grouped data, it should be
ensured that the class intervals are continuous before applying the
formulae. Same condition also apply for construction of an ogive.
Further, in case of ogives. the scale may not be the same on both the axes.




