CHAPTER 14

STATISTICS
I

14.1 Introduction

Everyday we come across alot of information in the form of facts, numerical figures,
tables, graphs, etc. These are provided by newspapers, televisions, magazines and
other means of communi cation. These may relateto cricket batting or bowling averages,
profits of a company, temperatures of cities, expenditures in various sectors of afive
year plan, polling results, and so on. These facts or figures, which are numerical or
otherwise, collected with adefinite purpose are called data. Dataisthe plural form of
the Latin word datum. Of course, the word ‘data’ is not new for you. You have
studied about data and data handling in earlier classes.

Our world is becoming more and more information oriented. Every part of our
lives utilisesdatain one form or the other. So, it becomes essential for usto know how
to extract meaningful information from such data. This extraction of meaningful
information is studied in a branch of mathematics called Statistics.

The word ‘statistics' appears to have been derived from the Latin word * status
meaning ‘a(political) state'. Initsorigin, statisticswas simply the collection of dataon
different aspects of the life of people, useful to the State. Over the period of time,
however, its scope broadened and statistics began to concern itself not only with the
collection and presentation of data but also with the interpretation and drawing of
inferences from the data. Statistics deals with collection, organisation, analysis and
interpretation of data. Theword ‘ statistics' has different meaningsin different contexts.
Let us observe the following sentences:

1. May | have the latest copy of ‘ Educational Statistics of India’.
2.1 liketo study ‘ Statistics' becauseit isused in day-to-day life.

Inthefirst sentence, statisticsisused in aplural sense, meaning numerical data. These
may include a number of educational institutions of India, literacy rates of various
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states, etc. In the second sentence, the word ‘statistics' is used as a singular noun,
meaning the subject which deals with the collection, presentation, analysis of data as
well asdrawing of meaningful conclusions from the data.

In this chapter, we shall briefly discuss all these aspects regarding data.

14.2 Collection of Data

L et us begin with an exercise on gathering data by performing the following activity.

Activity 1 : Divide the students of your class into four groups. Allot each group the
work of collecting one of the following kinds of data:

() Heights of 20 students of your class.

(i) Number of absenteesin each day in your class for a month.

(iif) Number of membersin the families of your classmates.

(iv) Heights of 15 plantsin or around your school.

L et us moveto the results students have gathered. How did they collect their data
in each group?

(i) Didthey collect theinformation from each and every student, house or person

concerned for obtaining theinformation?
(i) Did they get theinformation from some source like avail able school records?

Inthefirst case, when the information was collected by theinvestigator herself or
himself with adefinite objectivein her or hismind, the data obtained is called primary
data.

In the second case, when the information was gathered from a source which
already had theinformation stored, the data obtained is called secondary data. Such
data, which has been collected by someone else in another context, needs to be used
with great care ensuring that the source is reliable.

By now, you must have understood how to collect data and distinguish between
primary and secondary data.

EXERCISE14.1

1. Givefiveexamplesof datathat you can collect from your day-to-day life.
2. Classify thedatain Q.1 above as primary or secondary data.
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14.3 Presentation of Data

Assoon asthework related to collection of dataisover, theinvestigator hasto find out
ways to present them in aform which is meaningful, easily understood and givesits
main features at a glance. Let us now recall the various ways of presenting the data
through some examples.

Example 1 : Consider the marks obtained by 10 students in a mathematics test as
given below:
55 36 95 73 60 42 25 78 75 62

The datain thisform is called raw data.
By looking at it in thisform, can you find the highest and the lowest marks?

Did it take you sometimeto search for the maximum and minimum scores? Wouldn't
it be less time consuming if these scores were arranged in ascending or descending
order? So let us arrange the marks in ascending order as

25 36 42 55 60 62 73 75 78 95
Now, we can clearly see that the lowest marks are 25 and the highest marks are 95.

The difference of the highest and the lowest values in the datais called the range of the
data. So, the range in this case is 95 — 25 = 70.

Presentation of datain ascending or descending order can be quite time consuming,
particularly when the number of observationsin an experiment islarge, asin the case
of the next example.

Example 2 : Consider the marks obtained (out of 100 marks) by 30 students of Class
IX of aschool:

10 20 36 92 9 40 50 56 60 70

92 8 8 70 72 70 36 40 36 40

92 40 50 50 56 60 70 60 60 88

Recall that the number of students who have obtained a certain number of marksis
called the frequency of those marks. For instance, 4 students got 70 marks. So the
frequency of 70 marksis4. To make the datamore easily understandable, we write it
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inatable, asgiven below:

Table 14.1

Marks

Number of students
(i.e., the frequency)

10
20
36
40
50
56
60
70
72
80
88
92
95

1
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Total
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o

Table 14.1 is called an ungrouped frequency distribution table, or simply afrequency
distribution table. Note that you can use also tally marks in preparing these tables,
asin the next example.

Example 3 : 100 plants each were planted in 100 schools during Van Mahotsava.
After one month, the number of plants that survived were recorded as :

95
76
75
89
93
86
87
69
92
53

67
42
83
65
68
90
56
83
75
69

28
32
76
73
52
44
58
86
89
90

32
38
83
81
79
62
23
43
66
55

65
42
85
49
81
31
35
45
91
66

65 69 33
40 40 69
62 37 65
52 64 76
83 59 82
36 38 42
76 83 85
39 83 75
27 88 89
49 52 83
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To present such a large amount of data so that a reader can make sense of it easily,
we condense it into groups like 20-29, 30-39, . . ., 90-99 (since our data is from
23 t0 98). These groupings are called ‘classes' or ‘class-intervals, and their sizeis
called the class-size or class width, which is 10 in this case. In each of these classes,
the least number is called the lower class limit and the greatest number is called the
upper classlimit, e.g., in 20-29, 20 isthe ‘lower classlimit’ and 29 isthe ‘upper class
limit’.

Also, recall that using tally marks, the data above can be condensed in tabular
formasfollows:

Table 14.2
Number of plants | Tally Marks |Number of schools

survived (frequency)
20- 29 1] 3
30- 39 (T 14

40 - 49 MM 12

50- 59 'l 8
60- 69 WM 18
70-79 MM 10
80-89 OOV 23
90-99 MM 12

Total 100

Presenting datain thisform simplifies and condenses dataand enables usto observe
certain important features at aglance. Thisiscalled a grouped frequency distribution
table. Here we can easily observe that 50% or more plants survived in 8 + 18 + 10 +
23+ 12 =71 schoals.

We observe that the classes in the table above are non-overlapping. Note that we
could have made more classes of shorter size, or fewer classes of larger size also. For
instance, the intervals could have been 22-26, 27-31, and so on. So, thereis no hard
and fast rule about this except that the classes should not overlap.

Example 4 : Let us now consider the following frequency distribution table which
gives the weights of 38 students of aclass:
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Table 14.3
Weights (in kg) Number of students
31-35 9
36-40 5
41 - 45 14
46 - 50 3
51-55 1
56 - 60 2
61- 65 2
66 - 70 1
71-75 1
Total 38

Now, if two new students of weights 35.5 kg and 40.5 kg are admitted in this class,
then in which interval will we include them? We cannot add them in the ones ending
with 35 or 40, nor to the following ones. Thisisbecause there are gapsin between the
upper and lower limits of two consecutive classes. So, we need to divide theintervals
so that the upper and lower limits of consecutive intervals are the same. For this, we
find the difference between the upper limit of aclassand thelower limit of itssucceeding
class. We then add half of this difference to each of the upper limits and subtract the
same from each of the lower limits.

For example, consider the classes 31 - 35 and 36 - 40.
Thelower limit of 36 - 40 = 36
The upper limit of 31-35=35
The difference=36-35=1

1
So, half the difference = E =05

So the new classinterval formed from 31 - 35is(31-0.5) - (35+0.5),i.e,,30.5- 35.5.

Similarly, the new class formed from the class 36 - 40 is (36 — 0.5) - (40 + 0.5), i.e.,
35.5-40.5.

Continuing in the same manner, the continuous classes formed are:

30.5-35.5, 35.5-40.5, 40.5-45.5, 45.5-50.5, 50.5-55.5, 55.5-60.5,
60.5 - 65.5, 65.5-70.5, 70.5- 75.5.
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Now it is possible for usto include the weights of the new students in these classes.
But, another problem crops up because 35.5 appears in both the classes 30.5 - 35.5
and 35.5 - 40.5. In which class do you think this weight should be considered?

If it isconsidered in both classes, it will be counted twice.

By convention, we consider 35.5 in the class 35.5 - 40.5 and not in 30.5 - 35.5.
Similarly, 40.5isconsidered in 40.5 - 45.5 and not in 35.5 - 40.5.

So, the new weights 35.5 kg and 40.5 kg would be included in 35.5 - 40.5 and
40.5 - 45.5, respectively. Now, with these assumptions, the new frequency distribution
table will be as shown below:

Table 14.4
Weights (in kg) Number of students

30.5-35.5 9
35.5-40.5 6
40.5-45.5 15
45.5-50.5 3
50.5-55.5 1
55.5-60.5 2
60.5-65.5 2
65.5-70.5 1
70.5-75.5 1

Total 40

Now, let us move to the data collected by you in Activity 1. Thistime we ask you to
present these as frequency distribution tables.

Activity 2 : Continuing with the same four groups, change your data to frequency
distribution tables.Choose convenient classeswith suitable class-sizes, keeping in mind
the range of the data and the type of data.
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EXERCISE 14.2

1. Theblood groups of 30 students of Class V11l are recorded asfollows:
A,B,0,0,AB,0,A,0,B,A,0,B,A, 0,0,
A,AB,O,A,A,0,0,AB,B,A,O,B,A,B,O.

Represent this data in the form of a frequency distribution table. Which is the most
common, and which is the rarest, blood group among these students?

2. Thedistance (in km) of 40 engineersfrom their residenceto their place of work were
found asfollows:

5 3 10 20 5 1 13 7 12 3
9 10 12 17 B 1 2 17 16 2
7 9 7 8 3 5 2 15 18 3
2 14 2 9 6 15 15 7 6 12

Construct a grouped frequency distribution table with class size 5 for the datagiven
above taking the first interval as 0-5 (5 not included). What main features do you
observe from this tabular representation?

3. Therelative humidity (in %) of acertain city for amonth of 30 dayswasasfollows:
981 986 992 903 865 B3 R9 963 A2 HB1
802 923 971 9B5 R7 B1 972 93B3 B2 973
%2 9921 849 902 9B7 9W\W3 973 HB1 R1 &
(i) Construct agrouped frequency distribution tablewith classes84 - 86, 86 - 88, etc.
(i) Which month or season do you think this data is about?
(ili) What is the range of this data?

4. The heights of 50 students, measured to the nearest centimetres, have been found to
be asfollows:

61 150 14 165 168 161 154 162 150 151
162 164 171 165 158 14 156 172 160 170
153 159 161 170 162 165 166 168 165 164
4 152 153 156 158 162 160 161 173 166
161 159 162 167/ 168 159 158 153 154 159

() Represent thedatagiven above by agrouped frequency distribution table, taking
theclassintervalsas 160 - 165, 165 - 170, etc.

(i) What can you conclude about their heights from the table?
5. A study was conducted to find out the concentration of sulphur dioxideintheair in
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parts per million (ppm) of acertain city. The data obtained for 30 daysisasfollows:

003 008 008 0.09 004 017
0.16 005 002 0.06 018 020
011 0.08 012 013 022 0.07
0.08 001 010 0.06 0.09 018
011 007 005 007 001 004

() Makeagrouped frequency distribution tablefor thisdatawith classintervalsas
0.00- 0.04, 0.04 - 0.08, and so on.

(i) For how many days, was the concentration of sulphur dioxide more than 0.11
parts per million?
Three coins were tossed 30 times simultaneously. Each time the number of heads
occurring was noted down as follows:
0 1 2 2 1 2 3 1 3 0
1 3 1 1 2 2 0 1 2 1
3 0 0 1 1 2 3 2 2 0
Prepare a frequency distribution table for the data given above.
The value of T upto 50 decimal placesis given below:
3.14159265358979323846264338327950283419716939937510
() Makeafrequency distribution of the digitsfrom O to 9 after the decimal point.
(i) What are the most and the least frequently occurring digits?
Thirty children were asked about the number of hoursthey watched TV programmes
in the previous week. The results were found as follows:
1 6 2 3 5 12 5 8 4 8
10 3 4 12 2 8 15 1 17 6
3 2 8 5 9 6 8 7 14 12

() Makeagrouped frequency distribution table for this data, taking class width 5
and one of the classintervalsas5 - 10.

(i) How many children watched television for 15 or more hours aweek?

A company manufactures car batteries of aparticular type. Thelives(in years) of 40
such batteries were recorded as follows:

26 30 37 32 22 41 35 45

35 23 32 34 38 32 46 37

25 44 34 33 29 30 43 28

35 32 39 32 32 31 37 34

46 38 32 26 35 42 29 36

Construct a grouped frequency distribution table for this data, using class intervals
of size 0.5 starting fromtheinterval 2 - 2.5.
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14.4 Graphical Representation of Data

The representation of data by tables has already been discussed. Now let usturn our
attention to another representation of data, i.e., the graphical representation. It iswell
said that one pictureis better than athousand words. Usually comparisons among the
individual items are best shown by means of graphs. The representation then becomes
easier to understand than the actual data. We shall study the following graphical
representationsin this section.

(A) Bar graphs

(B) Histogramsof uniform width, and of varying widths

(C) Frequency polygons
(A) Bar Graphs

In earlier classes, you have already studied and constructed bar graphs. Here we
shall discuss them through a more formal approach. Recall that a bar graph is a
pictorial representation of datain which usually bars of uniform width are drawn with
equal spacing between them on one axis (say, the x-axis), depicting the variable. The
values of the variable are shown on the other axis (say, they-axis) and the heights of
the bars depend on the values of the variable.

Example 5 : In a particular section of Class IX, 40 students were asked about the
months of their birth and the following graph was prepared for the data so obtained:

S

Number of Students —>
—_— N W kA~ N

©)

5 E % g 2 & g
S <5 22 2 &
Months of Birth ——>

Fig. 14.1

Oct
Nov.
Dec

g §
=

Observe the bar graph given above and answer the following questions:
(i) How many students were born in the month of November?
(i) Inwhich month were the maximum number of students born?
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Solution : Note that the variable here is the ‘month of birth’, and the value of the
variable isthe ‘ Number of students born’.

(i) 4 students were born in the month of November.
(if) The Maximum number of students were born in the month of August.
Let usnow recall how abar graphis constructed by considering thefollowing example.

Example6: A family with amonthly income of Rs 20,000 had planned the following
expenditures per month under various heads:

Table 14.5
Heads Expenditure
(in thousand rupees)
Grocery 4
Rent 5
Education of children 5
Medicine 2
Fuel 2
Entertainment 1
Miscellaneous 1

Draw a bar graph for the data above.

Solution : We draw the bar graph of thisdatain the following steps. Note that the unit
in the second column is thousand rupees. So, ‘4’ against ‘ grocery’ means Rs 4000.

1. We represent the Heads (variable) on the horizontal axis choosing any scale,
since the width of the bar is not important. But for clarity, we take equal widths
for all bars and maintain equal gapsin between. Let one Head be represented by
oneunit.

2. We represent the expenditure (value) on the vertical axis. Since the maximum
expenditure is Rs 5000, we can choose the scale as 1 unit = Rs 1000.

3. Torepresent our first Head, i.e., grocery, we draw a rectangular bar with width
1 unit and height 4 units.

4. Similarly, other Heads are represented leaving a gap of 1 unit in between two
consecutive bars.

The bar graphisdrawn in Fig. 14.2.
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Expenditure (in thousand rupees)
— N W A N

suitable bar graphs.

Let us now see how a frequency distribution table for continuous class intervals

can be represented graphically.

(B) Histogram

Thisisaform of representation like the bar graph, but it is used for continuous class
intervals. For instance, consider the frequency distribution Table 14.6, representing

the weights of 36 students of a class:

Fig. 14.2

Here, you can easily visualise the relative characteristics of the data at a glance, e.g.,
the expenditure on education ismore than doubl e that of medical expenses. Therefore,
in some ways it serves as a better representation of data than the tabular form.

Activity 3: Continuing with the samefour groups of Activity 1, represent the data by

Table 14.6
Weights (in kg) Number of students

30.5-355 9
35.5-40.5 6
40.5-45.5 15
45.5-50.5 8
50.5-55.5 1
55.5-60.5 2

Total 36
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Let us represent the data given above graphically as follows:

() Werepresent the weights on the horizontal axison asuitable scale. We can choose
the scaleas 1 cm = 5 kg. Also, since thefirst classinterval is starting from 30.5
and not zero, we show it on the graph by marking a kink or a break on the axis.

(i) Werepresent the number of students (frequency) on thevertical axison asuitable
scale. Since the maximum frequency is 15, we need to choose the scale to
accomodate this maximum frequency.

(i) We now draw rectangles (or rectangular bars) of width equal to the class-size
and lengths according to the frequencies of the corresponding classintervals. For
example, therectanglefor the classinterval 30.5 - 35.5 will be of width 1 cm and
length 4.5 cm.

(iv) Inthisway, we obtain the graph as shownin Fig. 14.3:

S

161
141
121
101

Number of Students

30.5 355 405 455 505 555 605 655

Weights (in kg) ——
Fig. 14.3

Observe that since there are no gapsin between consecutive rectangles, the resultant
graph appears like a solid figure. This is called a histogram, which is a graphical
representation of agrouped frequency distribution with continuous classes. Also, unlike
abar graph, the width of the bar plays a significant rolein its construction.

Here, infact, areas of the rectangles erected are proportional to the corresponding
frequencies. However, since the widths of the rectangles are all equal, the lengths of
the rectangles are proportional to the frequencies. That is why, we draw the lengths
accordingto (iii) above.
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Now, consider a situation different from the one above.

Example 7 : Ateacher wanted to analyse the performance of two sections of students
in a mathematics test of 100 marks. Looking at their performances, she found that a
few students got under 20 marks and afew got 70 marks or above. So she decided to
group them into intervals of varying sizes as follows: 0 - 20, 20 - 30, . . ., 60 - 70,
70 - 100. Then she formed the following table:

Table 14.7
Marks Number of students
0-20 7
20-30 10
30-40 10
40-50 20
50 - 60 20
60- 70 15
70 - above 8
Total 90

A histogram for thistable was prepared by a student as shown in Fig. 14.4.

22
20
18
16
14
12
1

Number of Students

N A N 00 O

o

10 20 30 40 50 60 70 80 90 100
Marks

Fig. 14.4
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Carefully examinethisgraphical representation. Do you think that it correctly represents
the data? No, the graph is giving us a misleading picture. As we have mentioned
earlier, the areas of the rectangles are proportional to the frequencies in a histogram.
Earlier thisproblem did not arise, because the widths of all the rectangles were equal.
But here, since the widths of the rectangles are varying, the histogram above does not
give a correct picture. For example, it shows a greater frequency in the interval
70 - 100, than in 60 - 70, which is not the case.

So, we heed to make certain modificationsin the lengths of the rectangles so that
the areas are again proportional to the frequencies.

The steps to be followed are as given below:

1. Selectaclassinterval with the minimum classsize. In the example above, the
minimum class-sizeis 10.

2. The lengths of the rectangles are then modified to be proportionate to the
class-size 10.

For instance, when the class-size is 20, the length of the rectangle is 7. So when

.
the class-sizeis 10, the length of the rectangle will be > x10=3.5.

Similarly, proceeding in thismanner, we get the following table:

Table 14.8
Marks Frequency | Width of Length of the rectangle
the class
0-20 7 20 L x10=35
m - .
10
20- 30 10 10 — x10=10
10
30-40 10 10 0 10=10
= — X =
10
40-50 20 10 2 10=20
- — X =
10
50- 60 20 10 2 10=20
- — X =
10
60- 70 15 10 = 10=15
- —_ X =
10
8
70- 100 8 30 — x 10=267
30

File Name : C:\Computer Station\Maths-1X\Chapter\Chap-14\Chap-14 (02-01-2006).PM65



SrATISTICS 253

Since we have calculated these lengths for an interval of 10 marksin each case,
we may call these lengths as “proportion of students per 10 marksinterval”.

So, the correct histogram with varying width isgivenin Fig. 14.5.
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Fig. 14.5

(C) Frequency Polygon

There isyet another visual way of representing quantitative data and its frequencies.
This is a polygon. To see what we mean, consider the histogram represented by
Fig. 14.3. Let usjoin the mid-points of the upper sides of the adjacent rectangles of
this histogram by means of line segments. Let us call these mid-pointsB, C, D, E, F
and G. When joined by line segments, we obtain the figure BCDEFG (see Fig. 14.6).
To complete the polygon, we assume that thereisaclassinterval with frequency zero
before 30.5 - 35.5, and one after 55.5 - 60.5, and their mid-points are A and H,
respectively. ABCDEFGH isthe frequency polygon corresponding to the data shown
in Fig. 14.3. We have shown thisin Fig. 14.6.
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Although, there exists no class preceding the lowest class and no class succeeding
the highest class, addition of the two classintervalswith zero frequency enables usto
make the area of the frequency polygon the same as the area of the histogram. Why
isthis so? (Hint : Use the properties of congruent triangles.)

Now, the question arises: how do we compl ete the polygon when thereisno class
preceding the first class? Let us consider such a situation.

Example 8 : Consider the marks, out of 100, obtained by 51 students of aclassin a
test, givenin Table 14.9.
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Table 14.9

Marks Number of students

0-10 5
10- 20
20- 30
30-40
40-50
50 - 60
60- 70
70-80
80-90
90- 100

Total

[EEN
o

© W NDDNWNO D

Ul
=

Draw afrequency polygon corresponding to thisfrequency distribution table.

Solution : Let usfirst draw a histogram for this data and mark the mid-points of the
topsof therectanglesasB, C, D, E, F, G, H, I, J, K, respectively. Here, thefirst classis
0-10. So, to find the class preceeding 0-10, we extend the horizontal axis in the negative
direction and find the mid-point of theimaginary class-interva (—10) - 0. Thefirst end
point, i.e., B isjoined to thismid-point with zero frequency on the negative direction of
the horizontal axis. The point wherethisline segment meetsthe vertical axisis marked
as A. Let L be the mid-point of the class succeeding the last class of the given data.
Then OABCDEFGHIJKL isthe frequency polygon, whichisshownin Fig. 14.7.
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Fig. 14.7
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Frequency polygons can also be drawn independently without drawing
histograms. For this, we require the mid-points of the class-intervals used in the data.
These mid-points of the class-intervals are called class-marks.

To find the class-mark of aclassinterval, we find the sum of the upper limit and
lower limit of aclassand divideit by 2. Thus,
Uppe limit + Lower limit
2

Class-mark =

Let us consider an example.

Example 9 : In acity, the weekly observations made in a study on the cost of living
index aregiveninthefollowing table:

Table 14.10
Cost of living index Number of weeks

140- 150 5
150- 160 10
160- 170 20
170-180 9
180- 190 6
190 - 200 2

Total 52

Draw afrequency polygon for the data above (without constructing a histogram).

Solution : Sincewewant to draw afrequency polygon without ahistogram, let usfind
the class-marks of the classes given above, that is of 140 - 150, 150 - 160,....

For 140 - 150, the upper limit = 150, and the lower limit = 140

150+140 _ 290
2 2

Continuing in the same manner, we find the class-marks of the other classes aswell.

So, the class-mark = = 145.
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So, the new table obtained is as shown in the following table:

Table 14.11

Classes Class-marks Frequency
140- 150 145 5
150- 160 155 10
160- 170 165 20
170- 180 175 9
180- 190 185
190 - 200 195

Total 52

We can now draw afrequency polygon by plotting the class-marks along the horizontal
axis, the frequencies along the vertical-axis, and then plotting and joining the points
B(145, 5), C(155, 10), D(165, 20), E(175, 9), F(185, 6) and G(195, 2) by line segments.
We should not forget to plot the point corresponding to the class-mark of the class
130 - 140 (just before the lowest class 140 - 150) with zero frequency, that is,
A(135, 0), and the point H (205, 0) occursimmediately after G(195, 2). So, the resultant
frequency polygon will be ABCDEFGH (see Fig. 14.8).

—>
—_ = N
AN o0 O

Number of Weeks

[N e e o)

@) 135 145 155 165 175 185 195 205 215
Cost of Living Index ———>

Fig. 14.8

File Name : C:\Computer Station\Maths-1X\Chapter\Chap-14\Chap-14 (02-01-2006).PM 65



258

M ATHEMATICS

Freguency polygons are used when the data is continuous and very large. It is
very useful for comparing two different sets of data of the same nature, for example,
comparing the performance of two different sections of the same class.

EXERCISE 14.3

1. A survey conducted by an organisation for the cause of illness and death among
the women between the ages 15 - 44 (in years) worldwide, found the following

figures (in %):

S.No. Causes

Femalefatality rate (%)

Reproductive health conditions
Neuropsychiatric conditions
Injuries

Cardiovascular conditions

Respiratory conditions

© g A~ W DN P

Other causes

318
254
124
43
41
220

() Represent the information given above graphically.

(i) Which condition isthe major cause of women'’sill health and death worldwide?

(iliy Try tofind out, with the help of your teacher, any two factorswhich play amajor
roleinthe causein (ii) above being the major cause.

2. Thefollowing data on the number of girls (to the nearest ten) per thousand boys in
different sections of Indian society is given below.

Section Number of girlsper thousand boys
Scheduled Caste (SC) A0
Scheduled Tribe (ST) 970
Non SC/ST 920
Backward districts 950
Non-backward districts 920
Rura 930
Urban 910
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(i) Represent the information above by a bar graph.

(i) Inthe classroom discuss what conclusions can be arrived at from the graph.

3. Givenbelow arethe seatswon by different political partiesin the polling outcome of
a state assembly elections:

Palitical Party A B ( D E F

Seats Won I b 37 2 10 37

(i) Draw abar graph to represent the polling results.
(i) Which political party won the maximum number of seats?

4. The length of 40 leaves of a plant are measured correct to one millimetre, and the
obtained datais represented in the following table;

Length (in mm) Number of leaves

118-126
127-135
136-144
145-153
154-162
163-171
172-180

N AR © 0w

(i) Draw ahistogram to represent the given data. [Hint: First makethe classintervals
continuous]

(i) Isthere any other suitable graphical representation for the same data?

(iii) Isit correct to conclude that the maximum number of leaves are 153 mm long?
Why?

5. Thefollowingtablegivesthelifetimes of 400 neon lamps:

Lifetime(in hours) Number of lamps
300-400 14
400-500 5%

500- 600 60
600- 700 86
700- 800 T4
800- 900 62
900- 1000 48
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() Represent the given information with the help of a histogram.

(i) How many lamps have alifetime of morethan 700 hours?

The following table gives the distribution of students of two sections according to

the marks obtained by them:
Section A Section B

Marks Frequency Marks Frequency
0-10 3 0-10 5
10-20 9 10-20 19
20-30 17 20-30 15
30-40 12 30-40 10
40-50 9 40-50 1

Represent the marks of the students of both the sections on the same graph by two
frequency polygons. From the two polygons compare the performance of the two

sections.
7. Therunsscored by two teamsA and B on thefirst 60 ballsin acricket match are given
below:
Number of balls Team A Team B
1-6 2 5
7-12 1 6
13-18 8 2
19-24 9 10
25-30 4 5
31-36 5 6
37-42 6 3
43-48 10 4
49-54 6 8
55-60 2 10

Represent the data of both the teams on the same graph by frequency polygons.
[Hint : First makethe classintervals continuous.]
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8. A random survey of the number of children of various age groups playing in a park
was found asfollows:

Age(inyears) Number of children
1-2 5
2-3 3
3-5 6
5-7 12
7-10 9
10-15 10
15-17 4

Draw a histogram to represent the data above.

9. 100surnameswererandomly picked up fromalocal telephonedirectory and afrequency
distribution of the number of |ettersin the English a phabet in the surnameswas found

asfollows:

Number of letters

Number of surnames

1- 4

w o M
oo

12 -20

~ER80

() Draw ahistogram to depict the given information.

(if) Writetheclassinterval inwhich the maximum number of surnameslie.

14.5 M easures of Central Tendency

Earlier in this chapter, we represented the data in various forms through frequency
distribution tables, bar graphs, histograms and frequency polygons. Now, the question
arisesif we always need to study all the datato ‘ make sense’ of it, or if we can make
out some important features of it by considering only certain representatives of the

data. Thisis possible, by using measures of central tendency or averages.

Consider asituation when two students Mary and Hari received their test copies.
The test had five questions, each carrying ten marks. Their scores were as follows:

Question Numbers | 1 2 3 4 5
Mary’s score 10 8 9 8 7
Hari's score 4 7 10 10 10
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Upon getting the test copies, both of them found their average scores as follows:

42
Mary’s average score = E =84

_ 41
Hari’s average score = E =82

SinceMary’ saverage scorewas morethan Hari’s, Mary claimed to have performed
better than Hari, but Hari did not agree. He arranged both their scores in ascending
order and found out the middle score as given below:

Mary's Score | 7 8 9 | 10

Hari's Scor e 4 7 10 10

Hari said that since hismiddle-most score was 10, which was higher than Mary’s
middle-most score, that is 8, his performance should be rated better.

But Mary was not convinced. To convince Mary, Hari tried out another strategy.
He said he had scored 10 marks more often (3 times) as compared to Mary who
scored 10 marks only once. So, his performance was better.

Now, to settle the dispute between Hari and Mary, let us see the three measures
they adopted to make their point.

The average score that Mary found in the first case is the mean. The ‘middle
scorethat Hari wasusing for hisargument isthe median. The most often scored mark
that Hari used in his second strategy is the mode.

Now, let usfirst look at the mean in detail.

The mean (or average) of a number of observations is the sum of the values of
all the observations divided by the total number of observations.

It is denoted by the symbol X, read as ‘x bar’.

Let us consider an example.
Example 10 : 5 people were asked about the time in a week they spend in doing
social work in their community. They said 10, 7, 13, 20 and 15 hours, respectively.
Find the mean (or average) time in aweek devoted by them for social work.
Solution : We have already studied in our earlier classes that the mean of a certain

Sumof all the observaions . To simplify our
Total number of observations

number of observations is equal to
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working of finding the mean, let us use a variable x to denote the ith observation. In
this case, i can take the values from 1 to 5. So our first observation isx,, second
observation isxz, and so on till X,

Also x, = 10 means that the value of the first observation, denoted by x , is 10.
Similarly, x, =7, x, = 13, x, = 20 and X, = 15.
Therefore. the mean X = Sumof all the observetions
’ "~ Total number of observations

XXX X+ X
5

10+7+13+20+15 65
:€:13

5
S0, the mean time spent by these 5 peoplein doing social work is 13 hoursin aweek.

Now, in case we are finding the mean time spent by 30 people in doing social
work, writing x, +X,+ X, + ... +x_ would be atediousjob.\We use the Greek symbol
2 (for the letter Sigma) for summation. Instead of writing X, + X, + X, + . . . +X,, we

30
write zxi , Which isread as ‘the sum of x asi variesfrom 1to 30'.

i=1

i=1

Similarly, for nobservations X =

Example 11 : Find the mean of the marks obtained by 30 students of Class IX of a
school, givenin Example 2.

X + % +L + Xg
30

2
in =10+20+36+92+95+40+50+ 56+ 60+ 70 + 92 + 88
=1 80+70+72+70+36+40+36+40+ 92+ 40+ 50 + 50
56+60+70+60+60+88=1779
1779

o, X= —— =503
30

Solution : Now, X =
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Isthe process not time consuming? Can we simplify it? Note that we have formed
afreguency table for this data (see Table 14.1).

The table shows that 1 student obtained 10 marks, 1 student obtained 20 marks, 3

students obtained 36 marks, 4 students obtained 40 marks, 3 students obtained 50

marks, 2 students obtained 56 marks, 4 students obtai ned 60 marks, 4 students obtained

70 marks, 1 student obtained 72 marks, 1 student obtained 80 marks, 2 students obtained

88 marks, 3 students obtained 92 marks and 1 student obtained 95 marks.

So, thetotal marksobtained = (1 x 10) + (1 x 20) + (3 x 36) + (4 x 40) + (3 x 50)
+(2x56) + (4%x60)+(4x70)+ (1x72)+(1x80)
+(2x88) +(3%x92) +(1x95)

=fx +...+f,x, wheref isthe frequency of theith
entry inTable 14.1.

13
In brief, we writethisas Y_ fx .
i=1

13
So, the total marks obtained = ) f,x
=1

= 10+20+ 108+ 160+ 150+ 112 + 240+ 280+ 72 + 80
+ 176+ 276+ 95

= 1779
Now, the total number of observations

13
- 3%
i=1

f+f+.. . +1,
=1+1+3+4+3+2+4+4+1+1+2+3+1
=30

Sumof all the observations
Total number of observations

So, the mean X

13
Zlfix
713
2
i=1

1779
= —— =593
30
This process can be displayed in the following table, which is a modified form of

Table14.1.
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Table 14.12
Marks Number of students f.x

(%)) (f)
10 1 10
20 1 20
36 3 108
40 4 160
50 3 150
56 2 112
60 4 240
70 4 280
72 1 72
80 1 80
88 2 176
92 3 276
95 1 95

13 13

Zfizao Zfixi=1779

i=1 i=1

Thus, in the case of an ungrouped frequency distribution, you can use the formula

Zn:fixi
_ i1

X =

for calculating the mean.

Let us now move back to the situation of the argument between Hari and Mary,
and consider the second case where Hari found his performance better by finding the
middle-most score. As already stated, this measure of central tendency is called the
median.

The median isthat value of the given number of observations, which dividesit into
exactly two parts. So, when the datais arranged in ascending (or descending) order
the median of ungrouped datais calculated asfollows:
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() When the number of observations (n) is odd, the median is the value of the

n+1 13+1)th_

th
(—) observation. For example, if n= 13, the value of the (

> ,i.e,

the 7th observation will be the median [see Fig. 14.9 (i)].
(i) When the number of observations (n) is even, the median is the mean of the

n n

th th
(E) and the (E + 1] observations. For example, if n= 16, the mean of the

16 th 16 th
values of the (EJ and the E +1 observations, i.e., the mean of the

values of the 8th and 9th observations will be the median [see Fig. 14.9 (ii)].

iffﬁii@iiiiff

= Median is their mean

ffiiiii<>iiiiiii

(i1)
Fig. 14.9
Let usillustrate thiswith the help of some examples.

Example 12 : The heights (in cm) of 9 students of a class are as follows.

155 160 145 149 150 147 152 144 148
Find the median of this data.
Solution : First of al we arrange the data in ascending order, as follows:

144 145 147 148 149 150 152 155 160
Since the number of studentsis 9, an odd number, we find out the median by finding

File Name : C:\Computer Station\M aths-1X\Chapter\Chap-14\Chap-14 (02-01-2006).PM 65



STATISTICS 267

1 9+1
the height of the (n%j th = (%J th = the 5th student, which is 149 cm.

So, the median, i.e., the medial height is 149 cm.
Example 13 : The points scored by a Kabaddi team in a series of matches are as
follows:

17, 2, 7, 27, 15 5 14, 8 10, 24, 48 10, 8 7, 18 28
Find the median of the points scored by the team.
Solution : Arranging the points scored by the team in ascending order, we get

2, 5 7, 7 8 8 10 10, 14, 15 17, 18, 24, 27, 28, 48

16 16
There are 16 terms. So there are two middleterms, i.e. the E thand (5 + 1) th,i.e,
the 8th and 9th terms.
So, the median is the mean of the values of the 8th and 9th terms.

) ] 10+14
i.e, themedian = 5 =12

So, the medial point scored by the Kabaddi team is 12.

Let us again go back to the unsorted dispute of Hari and Mary.
The third measure used by Hari to find the average was the mode.

The mode is that value of the observation which occurs most frequently, i.e., an
observation with the maximum frequency is called the mode.

The readymade garment and shoe industries make great use of this measure of
central tendency. Using the knowledge of mode, these industries decide which size of
the product should be produced in large numbers.

Let usillustrate this with the help of an example.
Example 14 : Find the mode of the following marks (out of 10) obtained by 20
students:
4, 6,59 3,2 7, 7,6, 5 4,9 10, 10, 3,4, 7, 6, 9,9
Solution : We arrange this datain the following form :
2,3 3 4 445 56,66, 7,7,7,99 9 9 10, 10
Here 9 occurs most frequently, i.e., four times. So, the modeis 9.
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Example 15 : Consider a small unit of a factory where there are 5 employees : a
supervisor and four labourers. The labourers draw asalary of ~ 5,000 per month each
while the supervisor gets = 15,000 per month. Calculate the mean, median and mode
of the salaries of this unit of the factory.

5000 + 5000 + 5000 + 5000 + 15000 ~ 35000

5
So, the mean salary is ™ 7000 per month.

To obtain the median, we arrange the salaries in ascending order:
5000, 5000, 5000, 5000, 15000
Since the number of employees in the factory is 5, the median is given by the

(5%1) th= gth = 3rd observation. Therefore, the median is ™~ 5000 per month.

Solution : Mean = = 7000

To find the mode of the salaries, i.e., the modal salary, we see that 5000 occurs the
maximum number of timesin the data 5000, 5000, 5000, 5000, 15000. So, the modal
sadary is~ 5000 per month.

Now compare the three measures of central tendency for the given data in the
example above. You can see that the mean salary of ~ 7000 does not give even an
approximate estimate of any one of their wages, while the medial and modal salaries
of = 5000 represents the data more effectively.

Extreme values in the data affect the mean. Thisis one of the weaknesses of the
mean. So, if the data has a few points which are very far from most of the other
points, (like 1,7,8,9,9) then the mean isnot agood representative of thisdata. Sincethe
median and mode are not affected by extreme values present in the data, they givea
better estimate of the average in such a situation.

Again let us go back to the situation of Hari and Mary, and compare the three
measures of central tendency.

M easur es Hari Mary
of central tendency

Mean 8.2 8.4
Median 10

Mode 10 8

This comparison helps us in stating that these measures of central tendency are not
sufficient for concluding which student is better. We require some moreinformation to
concludethis, which you will study about in the higher classes.
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EXERCISE 144

1. Thefollowing number of goalswere scored by ateam in aseries of 10 matches:
2 3 4 5 0 1 3 3 4 3
Find the mean, median and mode of these scores.

2. In a mathematics test given to 15 students, the following marks (out of 100) are
recorded:

41, 39, 48, 52, 46, 62, 54, 40, 96, 52, 98, 40, 42, 52, 60
Find the mean, median and mode of this data.

3. Thefollowing observations have been arranged in ascending order. If the median of
the datais 63, find the value of x.

29, 32, 48, 50, x, x+2, 72, 78, 84, 95
Findthemodeof 14, 25, 14, 28, 18, 17, 18, 14, 23, 22, 14, 18.
5. Findthemean salary of 60 workersof afactory from the following table:

Salary (in 7) Number of workers
3000 16
4000 12
5000 10
6000 8
7000 6
8000 4
9000 3
10000 1
Total 60

6. Giveoneexampleof asituationinwhich
()  themean isan appropriate measure of central tendency.

(i) themeanisnot an appropriate measure of central tendency but themedianisan
appropriate measure of central tendency.
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14.6 Summary
In this chapter, you have studied the following points:

1.
2.

Facts or figures, collected with adefinite purpose, are called data.

Statistics is the area of study dealing with the presentation, analysis and interpretation of
data.

. How datacan be presented graphically in the form of bar graphs, histograms and frequency

polygons.

. Thethree measures of central tendency for ungrouped data are:

() Mean: Itisfound by adding all the values of the observations and dividing it by the
total number of observations. It is denoted by X.

n n

Z)ﬁ fix

'=1 _ For an ungrouped frequency distribution, itis X = ==

n

2.

i=1

So, X =

(i) Median: Itisthe value of the middle-most observation (s).

n+ 1\th
If nisan odd number, the median = value of the 2

observation.

n th n th
If nisan even number, median = Mean of the values of the (5] and E +1

observations.
(ili) Mode: The modeisthe most frequently occurring observation.
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