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Concept of Index Number: Simple Index Numbers are a series of numbers by which changes in the magnitudes of a phenomena are measured from time to time or from place to place”. 

Suppose it is required to measure the general changes in the price of certain commodities. Let the commodities be wheat, milk, eggs etc. We know that wheat is sold in Rs. per maund, milk in Rs. per litre, eggs in Rs. per dozen. In order to have comparison between them we compute the percentage changes in these commodities from one period to another on the basis of the prices of some selected date. These percentages are known as index number of prices of these commodities. 

Types of Index Numbers: Are as;

1. Simple Price Index Number.

2. Weighted Index Number.

1. Price Index Number: Are statistical devices to measure the changes in prices of a particular commodity or group of commodities with respect to time.

2. Weighted Index Number. Hence in preparation of weighted index numbers are the basic steps are the same as in simple index number (e.g selection of commodities and prices etc) except that the prices are given weights.
Construction of Index Numbers: The index number construction involves the following steps;

1. Purpose of Index Number

2. Selection of Commodities

3. Selection of Prices

4. Choice of Base Period

5. Choice of Average

6. Choice of Proper Weights

1. Purpose of Index Number: Since all index numbers are not suitable for all purposes, therefore, it is necessary to ascertain the purpose of index number beforehand for which they are going to be constructed. For example, if it is required to study the effect of increased prices on the labour class, cost of living index numbers should be constructed and not the wholesale index numbers which study the variations in general. 

2. Selection of Commodities: It is not possible to include all commodities in the construction of index numbers which are brought and sold in the market due to financial and other difficulties; therefore, it is necessary to include only those commodities which are most commonly used for that class of people for whom the index numbers are going to be constructed. The selected commodities should suit the tastes, habits, customs or requirements of that class of people. As regards the number of commodities to be included there is no hard and fast rule for this purpose. Normally the larger the number of commodities lesser will be the chance of error in the average obtained. Considering the economy, and accuracy, the number of commodities should be atleast 23 for sensitive index numbers. The Pakistan wholesale price index number of Board of Economic Enquiry, Punjab Lahore includes 39 commodities. The British Board of Trade wholesale price index number includes 200 commodities.  

3. Selection of Prices: After selecting the commodities, price quotation to be taken from the prominent business houses, standard journals or magazines from different places at the same time. The price should not be quoted as so many units per rupee but should be quoted as so many rupees per unit. It is advisable to take into account the wholesale prices rather than retail prices. The price quotations should be taken daily, weekly, fortnightly etc depending upon the purpose of index numbers.

4. Choice of Base Period: When the prices have been collected, the next step is to reduce them into percentages or relatives by selecting a suitable base. It may be either fixed base method or chain base method. 

i. Fixed Based Method: In this method the base period is fixed and the prices of subsequent years are expressed as relatives of the prices of the base year.    

Method of calculating the price relatives by the Fixed Base Method:   

In order to calculate the price relatives by the fixed based method, the price of each year is divided by the price of base year and this ratio is multiplied by 100.

Price relative for the current year = (Price for the current year/Price for the base year)  X 100

Symbolically it can be written as;

Y1 = (P1/Po) x 100

Y2 = (P2/Po) x 100

Y3= (P3/Po) x 100

Yn = (Pn/ Po) x 100

Where Po = Price for the base year

P1 = Price for the current year

Example 1. Compute the Index numbers by taking 1957 as the base year.

Years


1955
1956
1957
1958
1959
1960
1961

Price of wheat

14,
15,
16,
17,
18,
19,
20

Solution: Computation of Index Numbers

	Year
	Price
	Index Number with 1957 = 100

	1955
	14
	14/16 x 100 = 87.50

	1956
	15
	15/16 x 100 = 93.75

	1957
	16
	16/16 x 100 = 100

	1958
	17
	17/16 x 100 = 106.25

	1959
	18
	18/16 x 100 = 112.5

	1960
	19
	19/16 x 100 = 118.7

	1961
	20
	20/16 x 100 = 125.0


ii. Chain Base Method: According to this method, the base is not fixed but it changes from year to year. Here the price of previous year is taken as the base period and thus the relatives are computed. If it is required to compute the price relatives from 1955 to 1961, the price of 1955 is taken as 100. Then the price of 1955 is taken as base for the year 1957 and so on. The price relatives computed by this method are known as Link Relatives.

Method of Calculating the Link Relatives by the Chain Base Method. In order to calculate link relatives by the chain base method, the price of the current year is divided by the price of preceding year and this ratio is multiplied by 100.

Link Relative for the current year = (Price in the current year/ price in the preceding year) x 100

Symbolically it can be written as;

L1 = P1/Po x 100

L2 = P2/P1 x 100

L3 = P3/P2 x 100

Ln = Pn/P3 x 100

Where P1 or Po = Price in the first year


P2 = Price in the 2nd year


P3 = Price in the 3rd year and so on.

Example 2. Use the following data of price fluctuation of agricultural production in Pakistan to compare the annual fluctuations of crops in Pakistan by the chain base method.

Year
1956  
1957  
1958  
1959 
1960 
1961 
1962 
1963

Price
120
122
116
120
137
136
149
156

Solution: In order to construct the index numbers of chain base method, we take the relative for 1956 =100 and then compute the other index.

	Base year 1956 =100
	Index Number

	1956
	120/120 x 100 =100

	1957
	122/120 x 100 = 101.66

	1958
	116/122 x 100 = 95.08

	1959
	120/116 x 100 = 103.4

	1960
	120/120 x 100 =100.0

	1961
	137/120 x 100 = 114.16

	1962
	136/137 x 100 = 99.27

	1963
	149/136 x 100 = 109.6

	1964
	156/149 x 100 = 104.7 


1. Choice of Average: After computing the link relatives, their average is taken to get the required index number. Theoretically any average (such as mean, median, mode, G.Mean, H. Mean) can be taken in the construction of the index number but practically mean and geometrical means are suitable because of mean of relatives is reversible and geometrical means of prices is reversible. Moreover, mean gives heavy weight to commodities of high prices and light to those of low prices. The geometric mean gives more weight to small items and less weight to large items.

Example 3. From the data given below, compute the index number of prices, taking 1962 as base.

	Year
	Commodity (Price in Rs.)

	
	Firewood
	Soft coke
	Kerosene oil
	Matches

	1962
	3.25
	2.50
	0.22
	0.06

	1963
	3.44
	2.80
	0.22
	0.06

	1964
	3.50
	2.00
	0.25
	0.06

	1965
	3.75
	2.50
	0.25
	0.06


Example 4. Construct Chain Indices for the following years, taking 1940 as the base.

	Year
	Commodity

	
	Wheat
	Rice
	Maize

	1940
	2.8
	10.5
	2.7

	1941
	3.4
	10.8
	3.2

	1942
	3.6
	10.6
	3.5

	1943
	4.0
	11.0
	3.8

	1944
	4.2
	11.5
	4.0


Solution: Calculation of Chain Indices:

	Year
	Commodity
	Total
	Average
	Chain Indices

	
	Wheat
	Rice
	Maize
	
	
	

	1940
	2.8/2.8x100=100
	100
	100
	100
	100
	100

	1941
	3.4/2.8x100=121
	103
	119
	114
	114
	100x114/100=114

	1942
	3.6/3.4x100=106
	98
	109
	104
	104
	114x104/100=118

	1943
	4.0/3.6x100=111
	104
	109
	108
	108
	118.6x108/100=128

	1944
	4.2/4.0x100=105
	105
	105
	105
	105
	128x105/100=134.5


2.  Choice of Proper Weight: When the average of the relatives is taken we get the required index number. While taking the average we see that all the commodities are treated alike while in actual practice that some commodities are more important than others and as such they need weight in the construction of index numbers. Thus weights are assigned to the commodities depending upon their relative importance. 

Methods used in weighing the indices of prices:

i. Weighted Aggregate Method: According to this method, the current year’s prices are multiplied by the base year quantities. The sum of the products so obtained is then divided by the sum of products of the base year’s prices and base year quantities. 

Symbolically it can be written as;

Index Number for the current year = (Σ p1 qo/ Σ po qo) x 100

Where p1= Price for the current year


po = Price for the base year


qo = Quantity in the base year

Example 5. On analyzing bills of certain food items consumed at a club for the years 1954 and 1955, the following tables are drawn up:

Items

1954 Prices
1955 Prices
Quantities

Meat

2.2

2.0

100 seers

Fish

2.5

2.8

30 seers

Eggs

1.1

1.3

50 doz

Vegetables
0.7

0.7

100 seers

Fruit

0.3

0.2

150 Nos

Obtain an index by an appropriate method for indicating the relative change in prices for 1955 over 1954.

Solution: Computation of weighted index number for 1955 by using aggregate expenditure method.

Base 1955 =100

	Items
	po
	p1
	qo
	poqo
	p1qo

	Meat
	2.2
	2.0
	100
	220
	200

	Fish
	2.5
	2.8
	30
	75
	84

	Eggs
	1.1
	1.3
	50
	55
	65

	Vegetable
	0.7
	0.7
	100
	70
	70

	Fruit
	0.3
	0.2
	150
	45
	30

	Total
	
	
	
	465
	449


Weighted Index Number = (Σ p1 qo/ Σ po qo) x 100 = 449/465 x 100 =96.56

Weight Average of Relative: In this method, the weights are the values in the base year are calculated on the basis of the aggregates expenditure of the commodities. In order to calculate the aggregate expenditure of the commodities in the base year, the quantities are multiplied with their respective prices. The sum of the products of the price relatives of the current year and the values of the base year is divided by the sum of the weights (values). The resulting figure is required index number for the current year.

Symbolically it can be written as

Index Number for the current year = Σ IV/ Σ V

Where I = Price relative of the current year

V = Value (weights) of the base year

Example 6. Calculate the weighted index number of the data given in Example 5 by the method of weighted average of relatives.

Soulation: Computation of weighted index number for 1955 by the method of weighted average relative Base year 1954=100

	Items
	Prices
	Wights

qo
	Values consumed in the base 

V= poqo
	I=p1/qox100
	IxV

	
	po
	p1
	
	
	
	

	Meat
	2.2
	2.0
	100
	220
	99.9
	19998

	Fish
	2.5
	2.8
	30
	75
	112.0
	8400

	Eggs
	1.1
	1.3
	50
	55
	118.0
	6501

	Vegetable
	0.7
	0.7
	100
	70
	110.0
	7000

	Fruit
	0.3
	0.2
	150
	45
	66.7
	3000.5

	Total
	
	
	
	465
	
	44899.5


Weighted index number for the current year (1955)= Σ IV/ Σ V= 44899.5/465 =96.6

Calculation of Simple Index Number 
	Commodity
	Price (Rs per unit)

	
	1960
	2001

	Wheat
	10
	200

	Rice
	20
	500

	Cotton
	25
	800

	Ghee
	2
	48

	Meat
	4
	100

	Milk 
	1
	13

	Petrol
	2
	16


Solution: In order to construct index number we shall i. Take every price in 1960 as 100 ii. Convert the prices in 2001 in percentages. iii. Find out the average of percentages

	Commodity
	1960
	2001

	
	Price
	Price Relative
	Price
	Price Relative

	Wheat
	10
	100
	200
	200/10 x100 =2000

	Rice
	20
	100
	500
	500/20 x 100 =2500

	Cotton
	25
	100
	800
	800/25 x 100 =3200

	Ghee
	2
	100
	48
	48/2 x 100 = 2400

	Meat
	4
	100
	100
	100/4 x 100 = 2500

	Milk 
	1
	100
	13
	13/1 x 100 = 1300

	Petrol
	2
	100
	16
	16/2 x 100 = 800

	Total
	
	700
	
	14700


Index Number (average) = 700/7 = 700


12700/7 =2100
Calculation of Weighted Index Number
	Commodity
	1960
	2001

	
	Price
	Price Relative
	Weight
	Weighted Price Index
	Price
	Price Relative
	Weight
	Weighted Price Index

	Wheat
	10
	100
	8
	100x8 =800
	200
	200/10 x100 =2000
	8
	2000 x 8=

16000

	Rice
	20
	100
	5
	500
	500
	500/20 x 100 =2500
	5
	12500

	Cotton
	25
	100
	3
	300
	800
	800/25 x 100 =3200
	3
	9600

	Ghee
	2
	100
	3
	300
	48
	48/2 x 100 = 2400
	3
	7200

	Meat
	4
	100
	2
	200
	100
	100/4 x 100 = 2500
	2
	5000

	Milk 
	1
	100
	4
	400
	13
	13/1 x 100 = 1300
	4
	5200

	Petrol
	2
	100
	1
	100
	16
	16/2 x 100 = 800
	1
	800

	Total
	
	
	26
	2600
	
	
	26
	56300


Index Number (Average) = 2600/26 = 100                                      56300/26= 2165.4

Uses of Index Numbers: Following are some of uses of Index Numbers are as;
1. Index numbers are used in the department of Commerce, Meteriology, Labour and Industries etc.

2. The Insurance Companies use index numbers for determining the probable times of death or duration of life of those persons who are insured.

3. Index number works like a barometer showing fluctuations in daily life, cost of living, employment, public health etc.

4. Index numbers are useful in the study of changes in price levels over a period of time.

5. Index numbers are of great use in forecasting. There are many forecasting organizations which compile forecasting index numbers. Such index number works well during the period of mild prosperity and depression but fail during a severe depression.

6. Index numbers are of great help for studying physical changes over a period of time. For examples various types of index numbers were compiled such as index of industrial production, index of factory production etc, which study seasonal variations, seasonal trends etc.

7. Index numbers are of great help foe the purpose of comparison among different regions. For example, Government may be interested in compiling the cost of living index numbers of various regions within the country for the purpose of establishing an equitable standard of living.

8. Index numbers are widely used by the economists, social workers and businessmen in order to measure the changes i.e wages, prices, sales, stocks, production and cost of living.  

Random Variable
A random variable is a function that associates a unique numerical value with every outcome of an experiment. 

There are two types of random variable - discrete and continuous.

A random variable has either an associated probability distribution (discrete random variable) or probability density function (continuous random variable).

Examples
1. A coin is tossed ten times. The random variable X is the number of tails that are noted. X can only take the values 0, 1, ..., 10, so X is a discrete random variable.

2. A light bulb is burned until it burns out. The random variable Y is its lifetime in hours. Y can take any positive real value, so Y is a continuous random variable.
Discrete Random Variable
A discrete random variable is one which may take on only a finite or countable number of distinct values such as 0, 1, 2, 3, 4, ... Discrete random variables are usually (but not necessarily) counts. If a random variable can take only a finite number of distinct values, then it must be discrete. Examples of discrete random variables include the number of children in a family, the Friday night attendance at a cinema, the number of patients in a doctor's surgery, the number of defective light bulbs in a box of ten.

Continuous Random Variable
A continuous random variable is one which may take on an infinite number of possible values. Continuous random variables are usually measurements. Examples include height, weight, the amount of sugar in an orange, the time required to run a mile.

Expected Value
The expected value (or population mean) of a random variable indicates its average or central value.

The expected value of a random variable X is symbolised by E(X) or µ.

If X is a discrete random variable with possible values x1, x2, x3, ..., xn, and p(xi) denotes P(X = xi), then the expected value of X is defined by:

[image: image1.png]= B(X) = L xip(xi)




where the elements are summed over all values of the random variable X.

If X is a continuous random variable with probability density function f(x), then the expected value of X is defined by:

[image: image2.png]=B = [xfx)dx




Example
Discrete case : When a die is thrown, each of the possible faces 1, 2, 3, 4, 5, 6 (the xi's) has a probability of 1/6 (the p(xi)'s) of showing. The expected value of the face showing is therefore:

µ = E(X) = (1 x 1/6) + (2 x 1/6) + (3 x 1/6) + (4 x 1/6) + (5 x 1/6) + (6 x 1/6) = 3.5

Notice that, in this case, E(X) is 3.5, which is not a possible value of X.

Statistical Inference and Estimation

Statistical Inference: The process of drawing inference about a population on the basis of information contained in a sample taken from the population is called statistical inference. 

Statistical inference is traditionally divided into two main branches: Estimation of parameters and Testing of Hypothesis.

Estimation of Parameters: It is a procedure by which we obtain an estimate of the true but unknown value of a population parameter by using the sample observations X1, X2,…..,Xn. For example we may estimate the mean and the variance of population by computing the mean and variance of the sample drawn from the population. 

Testing of Hypothesis: It is procedure which enables us to decide on the basis of information obtained from sampling whether to accept or reject any specified statement.

Estimates and Estimators: An estimate is a numerical value of the unknown parameter obtained by applying a rule or a formula called as estimator, to a sample X1, X2,…, Xn of size n, taken from population. 

For example, if X1, X2,… Xn is a random sample of size n from a population with mean 
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, then  
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 = 1/n ∑Xi is an estimator of μ and 
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, the value of 
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 is an estimate of μ. 
Kinds of Estimates

There are two kinds of estimates as;

1. Point Estimates

2. Interval Estimates

1. Point Estimates: When an estimate of unknown population parameter is expressed by a single value, it is called point estimate.
2. Interval Estimates: An estimate expressed by a range of values within which true value of the population parameters is believed to lie, is referred to as an interval estimate. 
Suppose we wish to estimate the average height of very large group of student on the basis a sample. If we find sample average height to be 64', then 64' is a point estimate of the unknown population mean. If on the other hand, we state that the true average height is a value between 62' and 66' is an interval estimate.   
Example: A random sample of n=6 has the elements of 6, 10, 13, 14, 18 and 20. Compute a point estimate of i) The population mean ii) The Population Standard Deviation iii) The Standard Error of Mean.

i) The sample mean is 

Then  
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 = 1/n ∑Xi  = (6+10+!3+14+18+20)/6 = 81/6=13.5

Thus point estimate of population mean μ is 13.5 and 
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 is the estimator.

ii) The sample standard deviation is 

S = √ 1/n ∑ (Xi -
[image: image9.wmf]x

)2 = (6-13.5)2 + (10-13.5)2 +(13-13.5)2 +(14-13.5)2 +(18-13.5)2 + (20-13.5)2 /6 = 4.68
Thus the point estimate of the population standard deviation σ is 4.68 and S is the estimator
iii) When the sample size is less than 5% of the population size, the standard error of mean is

S
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 = S/√n = 4.68/√6 = 1.91

Hence S
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 is the estimator for σ 
[image: image12.wmf]x

 and 1.91 is the point estimate of the standard error of mean.
Types of Data

Broadly specking there are two types of data 

i) Primary Data 

ii) Secondary Data 

i) Primary Data: Primary data are those which are collected for the first time & are always given in the form of raw materials & are original in character. There types of data need the application of statistical methods for the purpose of analysis & interpretation.

ii) Secondary Data: Secondary data are those, which have already been collected by someone & have gone through the statistical machines. They are usually the refined form of raw materials. When statistical methods are applied on primary data they lose their shape & become secondary data. 
The distinction between primary & secondary data is of one degree. Data, which are primary in the hands of one, become secondary in the hands of other.  

For example, data relating to livestock production are secondary for the livestock department, but are primary for the purpose of calculation of national income. 

1. Methods of Measuring Primary Data. 

The primary data are collected by the following methods

A). Direct personal investigation. 

B). Indirect personal investigation. 

C). Investigation through questionnaire.

D). Investigation through questionnaire in the charge of enumerator.

E). Investigation through local reports.  

A). Direct Personal Investigation: according to this method the investigator has to collect the information himself personally from the sources concerned. It is expected that investigator should be very polite & courteous. Further he should acquaint himself with the surrounding situation & must know their local customs & traditions. He should mix up with the people freely & should share their feelings so much so that they think him as their friend. Then it would be possible for him to collect accurate information from the respondent. It is also important that the investigator must have been sense of observation. Moreover, the investigator should be very tactful & put simple questions in a simple language which could be answered easily. 

Advantages: 

1).
The information collected by this method are reliable & accurate

2). 
It requires a lot of expenses & time. 

3). The bias on the part of the investigator damages the whole inquiry.

4). Sometimes the informant may be reluctant to answer the question. 

B). Indirect Personal Investigation: this method is used when informants are reluctant to give the definite information. For example, if a Govt. servant is asked to give the information regarding his income, he will not be willing to give the information for the additional income, which he earns by doing part-time extra work. In such cases what is done is that the investigator puts the informants some suitable indirect questions which provide him some suitable information if investigator fails to collect the information by above method, then the information is collected through indirect sources i.e. from the persons from whom the desired information is collected are known as witness & their answers are recorded. The accuracy of data collected by this method largely depends upon the persons who are selected to give information. Hence it is necessary select a suitable person for this purpose. 

Precautions:  the informant should 

i) 
Have full knowledge of the problem, 

ii) 
Be in a position to express himself correctly, 

iii)
Be free from bias; and 

iv)
Not give colour to the facts. 

Advantages: 

i) 
It is less expensive & takes less time.

ii) The information is collected from the witnesses who do not fell shy in giving the exact information. 

iii)
It is a good method for conducting an extensive inquiry. 

Disadvantages:

i) 
Sometimes the time taken by the witness in replying may be pretty long.

ii)  It is possible that the witness may not have full knowledge of the problem. 

C). Investigation Through Questionnaire:  According to this method a standard list of questions relating  to the particular investigation is prepared. This list of questions is called a questionnaire. This method is an important one & is usually used by research workers, non-official bodies & private individuals. Then data are collected “by sending the questionnaire to the informants/respondents & requesting then to return the questionnaire after answering the questions”.

Advantages: 

i) 
It is less expensive.

ii) 
The information may be collected from a wide area

iii)
This method can ensure a reasonable standard of accuracy. 

Disadvantages:

i) 
Most of the informant do not take the trouble of filling in the questionnaire & some of them even do not returns the questionnaire.  

ii) 
Those who answer the questions given vague statements. 

iii)
There may be many errors in the answers, because there will be none to explain the questionnaire to them. 

Precautions:   In order to make this method successful a very polite letter should be sent to the informants emphasizing the need & usefulness of the problem under investigation. They should further be given assurance that the information given by then would be kept secret. In this method the most important paint is the framing of the questionnaire. 

Choice of Questionnaire:  the success of the investigation largely depends upon the proper choice of questions to be put to the informants. While preparing a questionnaire the following points should be kept in mind, 

i) 
Short & clear question ii) Few in number & easy to answer each question  

iii) Definite answer to question iv) The questions should be such that their replies check the vague replies & truth can be easily verified from them. 

v) Non-confidential information to asked vi) Logical sequence of questions.

D). Investigation Through Questionnaire in Charge of Enumerators: 

According to this method enumerates are appointed who go to the informants with the questionnaires & help them in recording the answers. Here enumerators explain the background, aim & object of problem under investigation & emphasize the necessity of giving correct answers. They also help the informants in understanding some technical terms. Thus, the informants fill in the questionnaire in the presence & by the help of enumerators. 

Advantages: 

i) Useful for extensive inquiry 

ii) ii) No vague answer is expected

iii) Complete answers supply 

iv) No time is wasted in collecting the information, since the enumerators collect them personally. 

Disadvantages: 

i) Expensive method 

ii) Accuracy depends upon proper choice & training of enumerators 

E). Investigation Through Local Reports:  collection of date is done only through local correspondents. Data is not reliable & it should be used only at those places where the purpose of investigation is served by rough estimates.

Advantage:  Least expensive 

Disadvantage: This method gives rough estimates.

2. Method of Measuring/ Collecting Secondary Data:  

A) Sources of Published Data:

Following are sources of published data 

1). Official publications of central, state & local governments.

2).
Semi-official publications & reports published by district & municipalities councils. 

3). Publication of trade association, chamber of commerce, co-operative societies, trade unions or banks, 

4). Research publications submitted by research workers, economical, University bureau & other institutions. 

B) Sources of Un-Published Data: This type of material can be obtained from the chambers of commerce, trade associations, labour bureau & research workers.   

Scale of Measurements 
 Measurement: It is a process whereby object or events are classified & symbols attached to the classification. More specifically, in the process of measurement, symbols (for example, 4, 5, x, p) are used to represent real objects or events according to the rules of logic & mathematics.

Scales of Measurement/Types of variables: 

They are four types of scales used for measuring.

1) Nominal Scale 

2) Ordinal Scale

3)  Interval Scale 

4) Ratio Scale 

1) Nominal Scale: If values are assigned a code in the form of number/label is called nominal scale. When a Veterinarian’s  task is that of categorizing the objects & events he observes. And when he assigns symbols (whether words, letter or numerals) to the phenomena he has placed in these categories, he is employing a nominal scale. This is simplest from of measurement. 

e.g Income =Y, Investment = 1, Saving = 5 etc. it involves only the separation of objects or events into mutually exclusive categories. For example veterinarian who classifies vaccines into effective & ineffective categories under different investigation trials also employs a nominal scale. 

2) Ordinal Scale: As the Veterinarian refines his idea about the objects of his inquiry; he is apt to refine his methods of measurement. Once classification has been achieved, the scientist may perceive an order by relation among the categories into which object or events were placed. If so, he will attempt to employ a more refined method of measurement called the ordinal scale. 

When Biologists /Microbiologists relate various species to one another in order as higher or lower on the phylogenetic scale-They employ an ordinal scale. It should be noted however, that rank order implies direction but not distance. Ordinal scale do not indicate how much “A” is greater that “B”, nor how much D is less then C. in short, the direction between objects is specified but not amount of distance between them Ranking/rating/ordering scale provide a good illustration of an ordinal scale. 

e.g. Performance evaluation criteria is given as; Outstanding, Excellent, Very Good,  Good, Satisfactory, Poor Similarly, clinical veterinarian, after observing animal in clinical Hospital for six months, order them along & continuum by labeling them as “unimproved”, “slightly improved”, or “much improved”, an ordinal scale is being used. Psychologist who uses a rating scale for “bright”, “average” & “dull” students are also employing ordinal scales. Measuring with an ordinal scale rather tan a nominal scale is usually preferable, because ordinal-scale measurement provides data in a numerical form, which permits more & better analyses of data. Measurement by an ordinal scale makes it possible to compute certain kinds of averages & certain correlations which could be computed if a nominal scale were used. 

3) Interval Scale: An interval scale is one of which it is possible to quantify the intervals, the distances, which lie between the numbers constituting the data. “Quantifying the intervals” means expressing their length or extend in terms of some fixed, well-understood unit of measurement. 

if persons A, B & C are respectively, first, second & third in the amount of annual income, then the data are in ordinal scale form. The difference between first & second may be anything from a few rupees to a few million. There is no way to compute the difference between second & third with the difference between first & second, since no fixed unit is given for measuring there gaps or intervals between the data. If on other hand, we learn that A, B & C respectively have incomes of RS. 10,000, Rs. 60,000 & Rs. 5000, it is to quantify the intervals between the data. Any scale which permits the quantification in fixed units of the intervals between the data is called an “interval scale”.  Intervals scales are of enormous advantage, however interval-scale numbers may be added, subtracted, multiplied & divided. 

4) Ration Scale: An interval scale can be converted into a ratio scale if it can be shown that it has an absolute zero or origin from which measurements are made. The Fahrenheit & Centigrade temperature scales are not ratio scales, because the zero is in each case placed merely for convenience. The zero in the Kelvin scale for temperatures, on the other hand, is an absolute zero, because no lower temperatures are possible, the Kelvin scale is thus a ratio scale. The use of ratio scales make possible the comparison of ratios constructed from data.

Consider the following example. A student may take a language test in which he gets no item correct. If we are merely counting “items correct”, or test scores, this is indeed an absolute zero. But a score of “zero items correct” does not mean zero ability in language. And because scale of ability does not contain an absolute zero, it cannot be said that a score of 100 items correct indicates twice as much ability in language as a score of 50 items correct. Hence, taken as measures of ability in language, the scores should be considered as taken from an interval scale. 

Broadly specking, scales of measurements are as.

1) Numerically (Quantitative) e.g continuous & discrete variable scale & ratio scale. 

2) Categorically (Qualitative) e.g Nominal, Ordinal, Interval 

1) Numerical Variable/Numerical Scale: The values of these variables are expressed in numbers or quantity e.g 1, 2, 3, 0.5, 19 etc. 

2) Categorical Variable: The values of these variables are expressed in qualitative phenomena or categories e.g.

	Variables 
	Categories 

	Colour 
	Red, Blue, Green

	Outcome of Disease 
	Recovery, Illness, Death 

	Type of Feed 
	Egg, Milk, Meat 


Properties of Least Square Estimators:
To understand this theorem, we need to consider the best linear unbiasedness property of an estimator. Say the Ordinary Least Square (OLS) estimator estimated value of ß2 is said to be a best linear unbiased estimator (BLUE) of ß2 if the following hold;

1. It is linear, that is, a linear function of a random variable. Linear regression econometric model is symbolically expressed as;

Yi = ß1 + ß2 Xi + µ      
Where 

Yi = Dependent Variable

Xi = Independent Variable

ß1 = Intercept or coefficient or parameter 
ß2  = Slope or coefficient or parameter 

µ = Error as a sign of econometric.

2. It is unbiased, that is, its average or expected value E (estimated value of ß2) is equal to the true value ß2.
3. It has minimum variance in the class of all such linear unbiased estimators; an unbiased estimator with the least variance is known as an efficient estimator.

Testing of Hypothesis and Significance:
Hypothesis Testing: Hypothesis testing is a procedure which enables us to decide on the basis of information obtained from sample data whether to accept or reject a statement. 

For example, Agriculturists may hypothesize that these farmers are aware about new technology will be the most productive. With statistical techniques, we are able to decide whether or not our theoretical hypothesis is confirmed by the empirical evidence.
Null Hypothesis: The null hypothesis (written as HO:) is a statement written in such a way that there is no difference between two items. When we test the null hypothesis, we will determine a P value, which provides a numerical value for the likelihood that the null hypothesis is true. 
Alternate Hypothesis: If it is unlikely that the null hypothesis is true, then we will reject our null hypothesis in favour of an alternate hypothesis (written as HA), and this states that the two items are not equal.
Simple and Composite Hypothesis: In statistical hypothesis completely specifies the distribution is called Simple Hypothesis, otherwise it is called as Composite Hypothesis.

Descriptive Statistics: Figure associated with the number of birth, number of employees and other data that average person calls.

Characteristic: To describe characteristics of population and sample.

Inferential Statistics: It is used to make an inference to a whole population from a sample. For example, when firm tests markets a new product in D.I.Khan, it wishes to make an inference from these sample markets to predict what will happen throughout Pakistan.

Characteristic: To generalize from sample to the population.
Determining Sample Size: Three factors are required to specify sample size.

1. The variance or heterogeneity of population i.e Standard deviation(S).

Only small sample is required if the population is homogeneous. For example, predicting the average age of college students require a smaller sample size than predicting the average age of people visiting the zoo on a given Sunday afternoon.

2. The magnitude of acceptable error i.e E. It indicates how precise the estimate must be.
3. The confidence level i.e Z 

Sample size (n) = (ZS/E)2 

Suppose a survey researcher studying expenditure on major crop wishes to have a 95 % confidence interval level (Table value of which i.e Z = 1.96) and a range of error (E) of less than Rs. 2. The estimate of standard deviation is Rs. 29.

n = (ZS/E)2  = [ (1.96 x 29)/ 2]2 = 808

If the  range of error (E) is acceptable at Rs. 4, the sample size is reduced.

n = (ZS/E)2  = [ (1.96 x 29)/ 4]2 = 202

Thus doubling the range of acceptance error reduces sample size to one quarter of its original size and vise versa.
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         Figure: 1   Sample Size and Error are inversely related.

Confidence Interval: In statistical term, increasing the sample size, decreases the width of the confidence interval at a given confidence level. When the standard deviation of the population is unknown, a confidence interval is calculated by using the following formula

               

  X ± Z S/ √ n

Standard Error of Mean is E

E = Z S/ √n                    If n increases, E is reduced and vise versa.

Level of Significance: Significance level of a test is the probability used as a standard for rejecting a null hypothesis Ho when Ho is assumed to be true. The widely used values of α is called level of significance i.e 1% (0.01), 5% (0.05) or 10% (0.10).

Level of Confidence: When Ho is assumed to be true, this probability is equal to some small pre-assigned value usually denoted by α, the equality 1-α is called level of confidence. i.e 99% (0.99), 95% (0.95) or 90% (0.90).

Rejection and Acceptance Region: The possible results of an experiment can be divided into two groups;

A. Results appearing consistent with the hypothesis.

B. Results leading us to reject the hypothesis.

The group A is called acceptance region, while group B is called rejection region or critical region. The dividing line in between these two regions is called level of significance (α). All possible values which a test- statistics may assume can be divided into two mutually exclusive groups. One group (A) consisting of values which appear to be consistent with the null hypothesis, and the other (B) having values which are unlikely to occur if Ho is true. 

For example, If the calculated value of test statistics is higher than its table value, then reject H0 so it is called rejection region or critical region, otherwise accept Ho, then it is called acceptance region. 

Types of Errors: In theory of hypothesis, two types of errors are committed;

A) we reject a hypothesis when it is infact true.

B) we accept a hypothesis when it is actually false.
The former type i.e rejection of H0, when it is true is called Type I Error and the latter type i.e the acceptance of H0, when is false is called Type II Error may be presented in the following table.

	True Situation
	                                        Decision

	
	Accept H0
	Reject H0

	H0 is true
	Correct decision
	Wrong decision

Type I Error

	H0 is false
	Wrong decision

Type II Error
	Correct decision


Test Statistics: A test statistics is a procedure or a method by which we verify an established hypothesis or it is function obtained from the sample data on which the decision of rejection or acceptance of H0 is based or a method provides a basis for testing a null hypothesis is known a test statistics.

i.e t- test. Z-test, F-test, Chi square test, ANOVA etc.

One tailed/ sided and two tailed/ sided: A test of any statistical hypothesis where the alternative hypothesis is one sided such as;

H0 : µ = µo

H1 : µ > µo or µ < µo

The critical region for the H1 : µ > µo has entirely on the right tail of the distribution.

                                                                                       









                                                    1-α                               α                                                               

and the critical region for the H1 : µ < µo has entirely on the left tail of the distribution.
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A test of any statistically hypothesis where alternative hypothesis H1 is two sided as;

H0 : µ = µo

H1 : µ ≠ µo

These constitute on both sides/ tailed of the distribution.
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General Procedure for Testing Hypothesis:

The procedure for testing a hypothesis about a population parameter involves the following six steps, 

1. State your problem & formulate an appropriate null hypothesis Ho with an alternative hypothesis H1, which to be accepted when Ho is rejected.

2. Decide upon a significance level, α of the test, which is probability of rejecting the null hypothesis if it is true. 

3. Choose an appropriate test-statistics, determine & sketch the sampling distribution of the test-statistics, assuming Ho is true. 

4. Determine the rejection or critical region in such a way that a probability of rejecting the null hypothesis Ho, if it is true, is equal to the significance level, α the location of the critical region depends upon the form of H1. The significance level will separate the acceptance region from the rejection region. 

5. Compute the value of the test-statistics from the sample data in order to decide whether to accept or reject the null hypothesis Ho.

6. Formulate the decision rule as below. 

a) Reject the null hypothesis Ho, if the computed value of the test-statistics falls in the rejection region & conclude that H1 is true. 

b) Accept the null hypothesis Ho, otherwise when a hypothesis is rejected, we can give α measure of the strength of the rejection by giving the P-value, the smallest significance level at which the null hypothesis is being rejected. 

Example 
A random sample of n = 25 values gives x = 83 can this sample be regarded as drawn from normal population with mean μ = 80 & б =7 

Solution 

i) We formulate our null & alternate hypothesis as 

      Ho: μ = 80 and H1: μ ≠ 80 (two sided).

ii) We set the significance level at α = 0.05 

iii) Test-statistics is to be used is Z = (x-μ)/б/√n, which under the null hypothesis is a standard normal variable. 

iv) The critical region for α = 0.05 is z  ≥ 1.96 , the hypothesis will be rejected if, for the sample,  z  ≥ 1.96.

v) We calculate the value of Z from the sample data 

vi) Conclusion: Since our calculated value Z = 2.14 falls in the critical region, so we reject our null hypothesis Ho: μ = 80 & accept H1 : μ ≠ 80. We may conclude that the sample with x = 83 cannot be regarded as drawn from the population with μ = 80
Chi-Square Test : A test of goodness if fit is a technique by which we test the hypothesis whether the sample distribution is in agreement with theoretical (hypothetical) distribution. Symbolically, it can be expressed as;

X2 = ∑(oi2 – ei2)/ei  

Where X2 = chi- square,      oi = Observed value,    ei = Expected values

Procedure:

1. State the null hypothesis H0, which is usually sample distribution agrees with the theoretical (hypothetical) distribution.

2. Level of significance  α = 0.05

3.   Test statistics  is     X2 = ∑(oi2 – ei2)/ei  

4.   Critical region    X2cal = X20.05(r-1) (c-1)  degree of freedom

Example. The following table shows the academic conditions of 100 people sex. Is there no relationship between sex and academic conditions?

	Academic condition
	                                Sex
	Total

	
	Male
	Female
	

	Strong
	30
	10
	40

	Poor
	20
	40
	60

	Total
	50
	50
	100


Answer: We formulate the hypothesis as;

H0: There is no relationship between sex and academic condition.

H1: There is relationship between sex and academic condition.

Level of significance α = 0.05

Test statistics is     X2 = ∑(oi2 – ei2)/ei     with (r-1) (c-1) degree of freedom

Computations

	 Academic condition
	                                Sex
	Total

	
	Male
	Female
	

	Strong
	30
	10
	40

	Poor
	20
	40
	60

	Total
	50
	50
	100


e11 = {40 x 50}/100 = 20

e12 = {40 x 50}/100 = 20

e13 = {60 x 50}/100 = 30

e14 = {60 x 50}/100 = 30

	Oij
	eij
	Oij - eij
	(Oij –eij)2
	(Oij –eij)2/ei

	30
	20
	10
	100
	5

	10
	20
	-10
	100
	5

	20
	30
	-10
	100
	3.33

	40
	30
	10
	100
	3.33

	Total
	
	
	
	16.66


X2 = ∑(oi2 – ei2)/ei     with (r-1) (c-1) degree of freedom

By putting the values, X2 = 16.66

Critical region: X2cal > X20.05(r-1) (c-1)  degree of freedom

16.66 > 3.84  Hence Ho is rejected, which proves that there is relationship between sex and academic conditions.

Example: Genetic theory states that children having one parameter of blood type-M and other parameter of blood type -N, will always be one of three types as M, MN, N. The proportion of three types on average will be as  1:2:1. The report says that out of 300 children having one M percent and one N percent  30% were found to be M type, 45% of MN  type and remainder of type N. Test the hypothesis whether the traits of genetic theory is not consistent with the report.

Answer: We formulate the hypothesis as;

H0: The genetic theory is not consistent with the report or the fit is not good.

H1:  The genetic theory is consistent with the report or the fit is good.

Level of significance α = 0.05

Test statistics will be used   

X2 = ∑(oi2 – ei2)/ei     with (n-1) degree of freedom

Computations: 

O1 = (30x300)/100  = 90

O2 = (45x300)/100  = 135

O3 = (25x300)/100  = 75

e1 = (1x300)/4 = 75

e2 = (2x300)/4 = 150

e3 = (1x300)/4 = 75

	Oi
	ei
	Oi - ei
	(oi –ei)2
	(oi –ei)2/ ei

	90
	75
	15
	225
	3

	135
	150
	-15
	-15
	1.5

	75
	75
	0
	0
	0

	
	
	
	
	∑(oi2 – ei2)/ei= 4.5


X2 = ∑(oi2 – ei2)/ei     with (n-1) degree of freedom

X2 = 4.5

Critical region: X2cal < X20.05(3-1)  degree of freedom

4.5 < 5.99  Hence Ho is accepted, which proves that the genetic theory is not consistent with the report or the fit is not good.

Correlation and Regression
Correlation: Correlation is measure of association between numerical values.

	Strength of Linear Association

	r value
	Interpretation

	1
	Perfect Positive Linear Relationship

	0
	No Linear Relationship

	-1
	Perfect Negative Linear Relationship


       Y   

Strong Positive Linear Correlation
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r = 1/n-1 ∑  {(x-x-bar)/Sx (y-y-bar)/Sy}
r = Coefficient of Determination
-1 ≤ r ≤ 1

r = Correlation Coefficient

r2 = Coefficient of Determination

Coefficient of Determination: It tells us percent of variations in response variable that is explained (determined) by the model and the explanatory variable.

If  r2 = 92.7% means that 93% variability in the amount of y is explained by x using this model.

Regression: Regression is line of best fit for one response (dependent) numerical value based on one or more explanatory (independent) variables.
y = a + bx   ------------------------  Regression Equation
a = Intercept
b = Slope
y = Dependent Variable

x= Independent Variable

Simple Linear Regression Econometric Model is symbolically;
C = ß1 + ß2 Y + µ      or C = a + b y + µ     
Where as C stands for Consumption,  x stands for income and y stands for investment, while ß1 or a (Intercept)  and ß2  or b (Slope) are parameters and µ is error as a sign of econometric.

For example;   

	Observation
	Y( c )
	X (y)
	  xi  -  x
	yi -  y
	xi yi 
	xi2

	1
	10
	15
	- 42
	- 32.3
	150
	225

	2
	15
	30
	- 27
	- 27.3
	450
	900

	3
	18
	40
	- 17
	- 24.3
	720
	1600

	4
	20
	45
	- 12
	- 22.3
	900
	2025

	5
	30
	50
	- 7
	- 12.3
	1500
	2500

	6
	40
	60
	+ 3
	- 2.3
	2400
	3600

	7
	50
	70
	+ 13
	+ 7.7
	3500
	4900

	8
	70
	75
	+ 18
	+ 27.7
	5250
	5625

	9
	80
	85
	+ 28
	+ 37.7
	6800
	7225

	10
	90
	100
	+ 43
	+ 47.7
	9000
	10000

	 n = 10
	 y  = 42.3
	 x  = 57
	   0
	  0
	Σ xiyi  = 30670
	Σ xi2 = 38600


  ^            Σ xiyi                 30670    

  b   =    ------------  =      ----------  =   0.8


     Σ xi2                   38600   

  Where as ^ indicates estimated or predicted form
   ^                                                           ^                                                                                         
  a =  Y –  b  X    or    ß1  =   y  - ß2  x By putting the values of   b  =  0.8,  y = 42.3   and   x = 57

   ^
   a = 42.3 – 0.8 (57) =  -3.3

   C = a + b y + µ     By putting the values, the regression line would be;

   C = -3.3 – 0.8 y ----------- Regression Line

   Where a < 0      (It means α must be positive for it validity), 

   While 0 < b < 1 (It means the value of b must lies between 0 and 1 i.e 0.7 or 0.2)
      ^
Or  Y =  α + ß X  ---------------------- Regression Line
How to Interpret the theory for its validity, we use two hypothesis are as under;

· Hypothesis No.1    
ß1 > 0   or   α  > 0  (It means, the value of ß1 or α must be greater or positive than zero. Closer the value of ß1 or α to zero, the stronger would be their values, otherwise weaker.) 
· Hypothesis No.1          0 <  ß2 < 1  or 0 < α 1  < 1  ( It means, The value of ß2  or  α 1  must lies between 1 and 0.  Closer the value of ß1 or α to one, the stronger would be their values, otherwise weaker.)
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