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Statistics L1 Theory Units

PART :1 (Statistics)

1. Frequency Distribution and Measures of Central Tendency
2. Measures of Dispersion

3. Skewness and Kurtosis

4. Correlation and Regression

5. Testing of Hypothesis
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UNIT 1
Frequency Distribution
and Measures of Central
Tendency
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UNIT:I - Frequency Distribution and Measures
of Central Tendency

Continuous Frequency Distribution
Histogram

Frequency Polygon

Mean, Median, Mode
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What Is Statistics?

Statistics Is the science of counting
Statistics Is the science of estimates and probabilities

The method of collecting, organizing, analyzing, and
Interpreting data, as well as drawing

[1 conclusions based on the data iIs called statistics.

[1 Methodology is divided into two main ares

[1 Descriptive Statistics: Colle
summarizing, and presenting ds
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2. Descriptive statistics and inferential statistics

provide simple summaries trying to reach conclusions
about the sample and the Statistics ] that extend beyond the
Measures. immediate data alone.

—
\ Descritioe | | Inferenial | -

t'tEE'ti
Measurement of central tendency Analysis of Variance (ANOVA),
Measurement of dispersion Analysis of Covariance (ANCOVA),
regression analysis

\___/
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Data Ty_pes

Example: [ Variables ]
Color: Blue, Green, Red
4atin Example: | T
Quﬂhm e | pass/hail Quantitative

Good, Bﬂd, Worst

‘ Nnmtmﬂ H Ordmﬂf \ ‘ stufm \ ‘ Cmunumml
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Data Type

Example:

; Example:
Counts: Number of items

Measurement: Length, weight

[ Variables ]

{ Qualitative ] Or Numeric% Quﬂﬂﬁfﬂﬁﬂﬂ]
| .

|
| | | 1

[ Nominal ] [ Ordinal ] [Hl}ismtz ] [Cﬂﬂﬁﬂﬂﬂﬂs]
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Statistical terms

Primary/Secondary data
Population
[1 complete set of individuals, objects or measurements e.g. Voting data
Sample
[1 a sub-set of a population (judgmental / random)e.g. Food consumption
Variable
[1 a characteristic which may take on different values
Data
[1 numbers or measurements collected
A parameter is a characteristic of a population
[] e.g., the average height of all Indian.
A statistic is a characteristic of a sample
[1 e.g., the average height of a sample of
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Accuracy and precision

[1 Accuracy

[1 Accuracy is how close a measured value is to the actual (true)
value.

[1 Precision
[1 Precision is how close the measured values are to each other.

Example : if you are playing soccer and
goal post instead of scoring, then
are precise!
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Accuracy and precision: The target analogy

www.educlash.com




Accuracy and precision: The target analogy
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ODbjectives

Organize data using frequency
distributions.

Represent data in frequency distributions
graphically using histograms, freque
polygons and ogives.
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Arithmetic mean

Is the average

Data 112 34
Mean= (1+1+2+3+4)/5 =
11/5=2.2
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Median

Positional value [0 middle

Step 1 : Order the list

Step 2: Find the middle number
Data 100 100 200 300 400
Median= 200

Data -> 100 100 200 30
Median= (200+300
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Mode

(11t IS the most common number or most
frequent number

[ Data 112 34
[1] Mode=1
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Example

Find the mean ,median and mode for the
following set

a) 30,50,20,60,50,90,50,20,80,60
Mean=50.1
Median= 50
Mode=50

b) 51.6, 48.7,50.3, 49.5, 48.9
Mean=49.8
Median= 49.5
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Frequency Distribution

[JAfter collecting data, the first task for a
researcher Is to organize and simplify the data so
that it Is possible to get a general overview of the
results.

[IThis Is the goal of descriptive
techniques.

One method for simpli
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Frequency Distributions

When data are collected In original
form, they are called raw data.

When the raw data is organized int
frequency distribution, the fre
be the number of values
class of the distributl
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Frequency Distributions

A freguency distribution Is the organizing
of raw data In table form, using classes
and frequencies.

[1Three Types of Frequency Distributions
Categorical frequency distributions
Ungrouped frequency distributions
Grouped frequency distributi
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Three Types of Frequency Distributions

[1Categorical freqguency distributions - can be
used for data that can be placed in specific
categories, such as nominal- or ordinal-level
data.

[IExamples - political affiliation,
affiliation, blood type etc.

_—
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Blood Type Frequency Distribution - Example

Class Frequency| Percent

20

28
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Ungrouped Frequency Distributions

[JUngrouped frequency distributions - can be
used for data that can be enumerated and
when the range of values in the data set Is not
large.

_IExamples - number of miles your Instr
have to travel from home to cam
of girls in a 4-child family etc.
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Number of Miles Traveled Example

Class Frequency

24

10 16
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Grouped Freqguency Distributions

Grouped frequency distributions - can be
used when the range of values In the
data set Is very large. The data must be
grouped Into classes that are more than
one unit in width.

Examples - the life of bo
hours.
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Lifetimes of Boat Batteries - Example

Frequency Table

Class Class | Frequency| Cumulative
limits |Boundarie frequency
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Terms In Grouped Frequency Distribution

I Class limits represent the smallest and largest data
values that can be included in a class.

[1In the lifetimes of boat batteries example, the
values 24 and 37 of the first class are the class
limits.

[1The lower class limit is 24 and the up

Is 37.
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Terms In Grouped Frequency Distribution

[he class boundaries are used to separate
the classes so that there are no gaps in the
frequency distribution.

[he class mark Is the midpoint of the clas
interval. It Is obtained by addin
and upper class limits and diwi
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Terms Associated with a Grouped
Frequency Distribution

[he class width for a class in a frequency
distribution Is found by subtracting the
lower (or upper) class limit of one class
minus the lower (or upper) class limit of
the previous class.

e.g 37.5- 23.5 =14
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Example

Rating Frequency
0-2 20
3-5 14
6-8 15
9 - 2
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Rating Frequency

_0-2 20
Lower | 3-§5 14
Class

Limits —6-8 15
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Rating Frequency

Upper Class __— 20

- 0-2
Limits —3—5 14
§}8 15

BS
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Rating Frequency

o1 2 20
Cla "
Midpor T4 |° 14
| 6=-7 |8 15
class mark .
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Grouped Frequency Distribution - Example

[l In a survey of 20 patients who smoked, the

following data were obtained. Each value
represents the number of cigarettes the patient
smoked per day. Construct a frequency

distribution using six classes. (The data Is given
on the next slide.)
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Grouped Frequency Distribution - Example
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Grouped Frequency Distribution - Example

1Step 1: Find the highest and lowest
Values: H=22 and L = 5.

_1Step 2: Find the range:
R=HUL=22U5=17.

_1Step 3: Select the number of classes
desired. In this case It4
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Grouped Freqguency Distribution - Example

Step 4. Find the class width by dividing
the range by the number of classes.
Width = 17/6 = 2.83. This value Is

rounded up to 3.
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Grouped Frequency Distribution - Example

Step 5: Select a starting point for the lowest
class limit. For convenience, this value Is
chosen to be 5, the smallest data value.
The lower class limits will be 5, 8, 11, 14, 17
and 20.
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Grouped Frequency Distribution - Example

Step 6: The upper class limits will be 7,
10, 13, 16, 19 and 22. For example, the
upper limit for the first class is computed
as 8 - 1, eftc.
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Grouped Frequency Distribution - Example

Step 7:  Find the class boundaries by
subtracting 0.5 from each lower class limit
and adding 0.5 to the upper class limit.
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Grouped Frequency Distribution - Example

IStep 8: Tally the data, write the numerical
values for the tallies in the frequency column
and find the cumulative frequencies.

[1The grouped frequency distribution Is shown
on the next slide.
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Note: The dash - represents to

Frequency Table

ClassLimts ClassBoundaries  Feguency  Cumulative Freguency

05to07 45-7.5 2 2
08to10 /7.5-105 3 5
11t013 10.5-135 6 11
14016 13.5-16.5 5 16
171019 16.5-19.5 3 19
20t022 195-225 1 20
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Example: Leaves

Alex measured the lengths of leaves on the oak
tree (to the nearest cm):
916,13,7,8,4,18,10,17,18,9,12,5,9,9,16,1,8,17,1,
10, 5,9,11,15,6,14,9,1,12,5,16,4,16,8,15,14,17

Solution:

In order the lengths are:
1,1,1,4,4,5,5,5,6,7,8,8,8,9,9,9,9,9,C
2,13,14,14,15,15,16,16,16,16,4

ne smallest value (the ¢ .
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Grouped Frequency Distribution - Example

Let us say we want about 5 groups.
Divide the range by 5:

17/5=3.4

Then round that up to 4.

Start Value

[1Pick a starting value that is less than
smallest value
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[1Starting at O and with a group size of 4 we get:
0,4,8, 12, 16

[1WTrite down the groups, include the end value of
each group (must be less than the next group):

[1The last group goes to 19, which is greater than
the largest value, so that is good.

Length (cm) | Frequency

0-3
4-7
8-11
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[JUpper and Lower Values For Each Group

[IEven though Alex only measured In whole
numbers, the data is continuous, so "4 cm" means
the actual value could have been anywhere from
3.5 cm to 4.5 cm. Alex just rounded the numbers to
whole centimeters.

Length Lower/Upper | Freguency
0-3 cm 0-3.5
4-7 cm 3.9-7.5
8-11 cm 7.5-11.5
12-15 cm 11.5-15.5
16-19 cm
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[1Example: Leaves (continued)

[1Now tally the results to find the frequencies.
And do a total as well.

1,1,1,4,4,5,5,5,6,7,8,8,8,9,9,9,9,9,9,10,10,11,12,1
2,13,14,14,15,15,16,16,16,16,1/,17,1/7,18,18:

Length Loweerr/ “PP | Mid Point | Frequency ?ruercr;ﬁleantg/e
0-3cm 0-3.5 1.5 3

4-7 cm 3.5-7.5 5.9 7
8-11cm | 7.5-11.5 9.5

11.5-15.5
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@ Do it Yourself

Scores on a 60 guestion exam for 20
students

50, 46, 58, 49, 50, 57, 49, 48, 53, 45, 50,
55, 43, 49, 46, 48, 44, 56, 57, 44 using 5
classes
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Graphical representation of
Frequency Distribution
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Histograms

[IHistogram for a frequency distribution based
on quantitative data Is very similar to the bar
chart showing the distribution of qualitative
data.

[1The classes are marked on the horizo
and the class frequencies on the

[1The class frequencies are,
eights of the bars.
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= 3 4
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C 1]

—

1 2 3 4 9)

Quiz scores (number correct) ‘

X  f
44-45 1
42-43 2
40-41 4
38-39 6
36-37 2
34-35 3
32-33 4

£ 30-31 2
303132333435363738392404142 43 44 45
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Frequency Polygon

[JA frequency polygon
also shows the shape of
a distribution and Is
similar to a histogram.

It consists of line
segments connecting
the points formed by the
Intersections of the class

iIdpoints and the class,

Selling Price
($ thousands) Midpoint Frequency
15upto 18 16.5 8
18 up to 21 19.5 23
21 up to 24 22.5 17
24 up to 27 25.5 18
27 up to 30 28.5 8
30upto 33 31.5 4
33 up to 36 34.5 2
Total 80
40 r
g |
2 0|
10 F .;'.

& 1 ] ] 1 i 1 i
135 165 195 225 265 285 M5 M5 NS5 05

Selling price [S000)

encies. A|
V
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Frequency Polygon

Frequency Polygon

w4

Frequency
o - N w H (¢] »

www.educlash.com




Cumulative Frequency Graph
or Ogive
A cumulative frequency graph or Ogive is a graph

that represents the cumulative frequencies for the
classes in a frequency distribution.

8
|

/

/

Cunulative Frequency
)
|
AN

/?4

T T T T T T T T T
2 5 8 n 14 1w 20 2B X

Nurrber of Cigarettes Smoked per Day

o
|
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@ Example

[1 Draw the histogram, frequency polygon and ogive for the
following data
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Measures of Central
Tendency
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Measures of Central Tendency

[
L O O O CIE e O i oo O O O doodioooOo 0 O O L
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AERNGE

"Add the numbers, divide by how many numbers
you've added and there you have it-the average
amount of minutes you sleep in class each day."
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MEAN (Average)
g oo odidboddiddinC
Joodbobootdbooddbbodoboodiboddi
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Properties of Mean

. Mean can be calculated for any set of numerical data,
so it always exists.

. A set of numerical data has one and only one mean.

. Mean Is the most reliable measure of central
tendency since it takes into account every item in the
set of data.

. It Is greatly affected by extreme
(outliers)
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Arithmetic mean

[1 Arithmetic mean of a set of observations Is their
sum divided by the number of observations.

1

Zfﬂz' = H{fﬂl-l- o 4Ty ).

7

[1In case of frequency distribution x |
1=1,2,300 ..n where w; is the freque
variable x;

T
_ > i1 Wiy
— = _1
Y i Wy
which means:
= Uy + Wely + - - - + Wyly

/ d i P I T P s g T i
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Example

» Sargodha’s Temperature Last week was (Celc):
38, 42, 35, 39, 42, 44, 36

find the mean temperature using A.M.
AM.= 2%

n
_38+42+35+39+40+43+36

7

=39
Hence mean temperature of the week is 39

www.educlash.com




Direct Method:

* It is the simplest method to find the A.M. value.

_x - X
AM. = X T

where:x = given values f = frequency of groups
* Example
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Examples

[1 Find the arithmetic mean of the numbers 8,3,5,12,10

(I Find the arithmetic mean of the following frequency
distribution:

X: 1 2 3 4 5 6 7
f. 5 9 12 17 14 10 6
[1 Calculate the arithmetic mean from the following table:
Marks No. of Students
0-10 12
10-20 18

20-30
30-40
40-50
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Arithmetic mean

[1FIind the arithmetic mean of the numbers
8,3,5,12.10

Is the average
Data 8,3,9,12,10
Mean= (8+3+5+12+10)/5 = 38/5 =

Inference Is
1Al numbers are close
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[ Find the arithmetic mean of the following frequency distribution:

X: 1 2 3 4 5 6 !
f: 5 9 12 17 14 10 6

I = 299/73 = 4.09
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Calculate the arithmetic mean from the following table:

Marks No. of Students
0-10 12
10-20 18
20-30 27
30-40 20
40-50 17
50-60 06

I T

1'”.
7 —Z ;1:1-|— 4 T,).
Loy

I = 2800/100 = 28
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Step deviation method to calculate Arithmetic mean
from ungrouped data

LI If the values of x or f are large, the calculation of
mean Is quite time consuming and tedious.

[J The mean is given by-

Mean X = A+ [(Ofd,)/N]

Where A= Assumed mean
N= Number of items (Total Fr
f=frequency
di= (X-A)
deviation of
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Step deviation method to calculate Arithmetic mean
from grouped data

[ If the values of x or f are large, the calculation of
mean Is quite time consuming and tedious.

[J The mean is given by-

Mean X = A+ h[({ d. )/N]
Where A= Assumed mean
h= Class size
N= Number of items (Total Fre
f=frequency
d= (x-A)/h

deviation of t
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Steps to calculate AM

Mean X = A+ h[({ d; )/N]

Ste
Ste
Ste
Ste
Ste

01 : compute d=(x; UA) /h

02: multiply d by f, .

03: find sum of df,

04: divide result of step 3 by N.

0 5: Add A to value of step 4.
result gives the arithmet
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A.M. of Grouped Data

[1 Grouped data Is data that has been organized into
groups known as classes.

[] Formula of A.M.
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Short-Cut Method

Where

A = Assumed Mean

f = Frequency of different groups

D = Deviation form of A

D=(X-A)

www.educlash.com




Step-Deviation Method

= > fu
= A + X h
X =A 2 f

Where
A = Assumed Mean
f = Frequency of different groups
u= Step Deviation
X-A
h
h = Size of Class interval

u =
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Example of Short-Cut and Step Deviation

The following frequency distribution showing the marks
obtained by 50 students in statistics at a certain college.
Find the arithmetic mean
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Marks f X fx D=x-A fD u=—- fu
20 029 1 245 24.5 -30 -30 -3 -3
30 0039 5 345 172.5 -20 -100 -2 -10
40 149 12 445 534.5 -10 -120 -1 -12
50 0059 15 545 817.5 0 0 0 0
60 0169 9 645 580.5 10 90 1 9
70 79 6 74.5 447.5 20 120 2 12
80 189 84.5 169.5

EENC T
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Yf=50 Y fx=2745 Y fD =20 Y fu=2

Direct Method:
— _XYfx 2750

X =S =5"=549=55
Short-Cut Method:
¥ = A+ 22 where A =54.5
5
=545 + % =54.5+0.4=54.9

Step-Deviation Method:

- o A4 LI
X = A+ Zth where A

= 54.5 + 2> x 10
50
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Do it Yourself

[1 Calculate the arithmetic mean from the following table:
(Assume Arbitratary point )

Marks No. of Students
0-8 8

8-16 7

16-24 16

24-32 24
32-40 15
40-48
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Properties of Arithmetic Mean

[] Algebraic sum of the deviations of a set of values from their
arithmetic mean Is zero.

[1 The sum of the squares of the deviations of a set of values is
minimum when taken about mean.

[1 Mean of the Combined Series

(] If n; and n, are the sizes and X—1 and X_zare the resp
series then the mean of the combined series @
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@© Do it Yourself

[1 Find the A.M. of following deviations:
25, 30, 20, 63, 52, 29,18,8,41 Ans: 31.77

[1 The following data shows distance covered
by persons to perform their routine jobs. Ans :24

Distance (Km) 1-10 11-20 21-30 31-40

No. of Persons 10 20 40 30

Marks of Stats subject obtal

Marks 1-10 11-20 21-30 31-40 41-50

Students 5 4 35 17 6
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[1Scores of Statistics Final Exam of

‘ 832 12 T2 100 T3

85 98 70 100 80
T7 11 T4 100 g8
30 98 83 g0 18
01 8 88 17 30
8 T3 a1 ‘T4 8
100 91 8 g3 88
17 96 T8 98 ]
11 8 15 g4 a1

85

30 93

96 T1
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Examples

[] The mean salary paid to 1000 employees of an establishment
was found to be Rs. 180.40. Later on, after disbursement of
salary, it was discovered that the salary of two employees
was wrongly entered as Rs. 297 and 165. Their correct
salaries were Rs. 197 and 185. Find the correct Arithmetic
mean.

[1 The mean of marks in statistics of 100 students in
72. The mean of marks of boys was 75, whi
was 70. Find the mean of girls in the cl
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Median

The median of a set of nhumbers arranged In
order of magnitude is either the middle value or
the arithmetic mean of the two middle value
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MEDIAN

ERER RN Ep RN [] OO0 unoL

Jgdduboboboooobobobobooootdtdttt
oo un

/

16

17 18 19 20 21 22

t

HNERERERERE

a
www.educlash.com




Arrange values from
least to greatest.

Find the number that 1s 1n the middle.

The median iIs 88.

b

Half the numbers are

Half the numbers are

greater than the median.
www.educlash.com
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Calculation of Median [Discreteseries:

I.Arrange the data Iin ascending or descending

order.

I1.Calculate the cumulative frequencies.

1H1.Apply the formula.

Median
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6.72 3.46 3.60 6.44
3.46 3.60 6.44 6.72

| (even number of values)

no exact middle -- shared by two

numbers s360+644  NMEDIAN is 5.02

2

[~

6.72 3.46 3.60 6.44  26.70
3.46 3.60 6.44 6.72 26.70

(in order - | odd number of values)

exact middle  MEDIAN Is 6.44

www.educlash.com




Median

[1 Example:-
[1 Find the median for the set of numbers 4,5,4,3,8,6,8,10,8
[1 Find the median for the set of numbers 12,5,9,11,5,18,15,7

[1 In case of ungrouped freqguency distribution median is obtained
by following steps:-
(1 Find N/2,where N=[f
[1 See the cumulative frequency just greater than
[1 The corresponding value of x is median

Obtain the median for the following:-
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Obtain the median for the following frequency
distribution:

L
X f Cf

1 3 8

2 10 18 :

3 11 29 Median = N/2 = 120/2
4 16 45 =

5 20 65

6 25 90 frequency |

9 114
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Calculation of median LIContinuous series

For calculation of median in a continuous
frequency distribution the following formula
will be employed. Algebraically,

N--cf

Median(M) = L1 + £— f
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Median

[ For grouped data, the median is given by-

g—cf
Median(M) = L1 + f X |

where: L1 = lower class boundary of the median class
(the class corresponding cumulative frequency just greater than N/2)

N = number of items in the data
cf = sum of the frequencies of all cla

than the median class

f =frequency of the m
| =size of the
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Example: Median of a set Grouped Data
In a Distribution of Respondents by age

Age Group Frequency of Cumulative
Median class(f) | frequencies(cf)
0-20 15 15
20-40 32 cf->47
L1 40-60 f->54 101
60-80 30 131
80-100 19 150
Total N->150
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150

— W
Median (M):4O+ZT X 20

— A0+ 75—47 % 20
54

28

=40 +=—X20
54

40+0.
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© Do it Yourself

[ Find the median wage of the following distribution:

Wages 2,000- 4,000- 5,000-
(in Rs.) 3,000 5,000 6,000

[I An incomplete frequency distribution is give
follows:

interval
o f 10?2 25 30 ? 10 100

ven th
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Do it Yourself

[ Find the mean of the following distribution

3039 (4049|5059 (6069|7079 (8089|9099 100 11-
10.9 11.9
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[ Find the median wage of the following distribution:

Wages  2,000-3,000 3,000-4,000 4,000-5,000 5,000-6,000 6,000-7,000
(in Rs.)

No. of 3 5 20 10 5
workers H »
Wages | frequenc cf Median(M) = L1 + ZT Xi
y
2000-3000 3 3 =4000+ (43/2 118) *1000
3000-4000 S} 8
4000-5000 20 28
5000-6000 10 38
6000-7000 5 43
43
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(1 An incomplete frequency distribution is given as follows:

Given that the median value is 30, N=100. Determine the
missing frequencies, using the median formula.

Class- 0-10 10-20 20-30 30-40 40-50 50-60 Total

interval
f 10 ? 25 30 ? 10 100
ClassInterval | frequency | g —cf |
010 10 Median(M) = L1 + f X
10-20 f1 30 = 30 + (100/2 Ocf) *16
20-30 25 :
30-40 30
40-50 f2
50-60 10
Total 100
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Mode

[1 The mode of a set of numbers Is that value which occurs with
the greatest frequency

(1 It 1s the most common value

[1 The mode may not exist, and even if it does it may not be
unique.

[J] Mode is the value which has the greatest frequency densit
Its iImmediate neighborhood.

a. 5 5531514325

b.1 2 2 2 3 456 6
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Example

[1 Find the mode of the following distribution:
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Mode

(1 From a frequency distribution or histogram the mode can be
obtained from the formula

Mode =L, + f, -1,

(f; “fo )+ (fy °15)
where L, = lower class boundary of the modal class
( class that has maximum of all the frequencies
f, = Frequency of the modal Class
f, = Frequency of the class precedis
f, = Frequency of the class
h = size of the modz

h
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Example: Calculate Mode for the distribution of monthly
rent Paid by Librariesin Karnataka

Monthly rent (RS)

Number of Libraries (f)

500-1000 5
1000-1500 10
1500-2000 38
2000-2500

2500-3000

3000 & Above
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Z=L+

16—8

Z=2000+ 575512 X 500

Z =2000+

/=2000+0.8 €500=4
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