Sampling and Testing of Hypothesis
Synopsis:
Sampling-Design-Types-Errors-Test of Hypothesis-Test of Significance-t-test, z-test, 
chi-square test.  {M.Com-II Semester}
Definition of Sampling Distribution-Standard Error-Hypothesis-Null and Alternative Hypothesis-Level of Significance-p-value, Type I and Type II Error-Tests-z, t, F and Chi-square Test.[B.Com., IV Semester]
· -	- 
Introduction:
	The need for adequate and realistic reliable data is increasing for taking wise decisions in different field of human activity.  The business is also no exception.  There are two ways in which information can be collected:
1.  Complete Enumeration method or census method or survey.
2.  Sampling method.
	Under complete enumeration method, data are collected for each and every unit (person, house, field ,shop, factory, etc.) of the population or universe. e.g., if we want to know consumer response to a particular product, we may contact each and every person who uses the product or else just take a sample of few persons and complete the study.  In the former case, is  referred to as census method and in the latter case it is known as sampling method.
The main advantages of census method are as follows:
1. Information can be obtained for each and every unit.
2. Greater accuracy.
	However, under census method, errors may  be experienced due incomplete coverage, observational errors and tabulation errors may arise due to non availability of trained personnel in conduct of survey. The efforts money and time required for carrying out complete enumeration will generally be extremely large. 
	Therefore, the choice, then, may be either no data or data through the sampling method. In the sampling method, instead of every unit of the population only a part of the population is studied and the conclusions are drawn on that basis for the entire population.  
	In fact, the sampling method is pretty old e.g., a housewife examines only two or three grains of boiling rice to know, whether the pot of rice is ready or not, a doctor test the blood only by taking few drops, businessman places order for supply of materials only by examining few items, a teacher may put few questions to select students in a class to know fact that the lessons are understood or not. 
Objectives of the Sampling:  The basic objective of its study is to draw inference about the population.  The values obtained from the study of sample, such as the average and variance, are known as “statistic”, on the other hand, such values for the population are called “parameters”.
Principles of Sampling:
There are two principles of sampling viz., Principle of ‘statistical regularity’ and Principle of ‘Inertia of Large Numbers’.
Principle of Statistical Regularity:
	According to this principle, moderately large number of items chosen at random from a large group is almost sure on the average to possess the characteristics of the large group.  It points out that if a sample is taken at random from a population, it is likely to possess almost the same characteristics as that of the population. By random selection, we mean a selection where each and every item of the population has an equal chance of being selected in the sample.  A sample selected in this manner would be representative of the population.  If this is satisfied, one can depict fairly accurately the characteristics of the population by studying only a part of it.  However, it should be noted that the results of the sample data may be different from that of the population for the simple reason that sample is only a part of the whole population. 
Principle of Inertia of Large Numbers:
	It states that, other things being equal, larger the size of the sample, more accurate the results are likely to be.  This is because large numbers are more stable as compared to small ones.  Moreover, when large numbers are considered, the variations in the component parts tend to balance each other and, therefore, the variation in the aggregate is insignificant. For example, if a coin is tossed 10 times, we may not get 5 heads and 5 tails all the time.  On the other hand, if we toss 1000 times, then there is a greater chance that 50% heads an 50% tails may be expected. The reason being the experiment is carried out large number of times and the possibilities of variations is greater.
Methods of Sampling:
	The various methods of sampling or sampling design can be grouped under the heads as random sampling and non-random sampling.  Random sampling is also referred to as probability sampling, since, if the sampling process is random, the laws of probability can be applied.  A non random sample is selected on a basis of other than probability consideration such as expert judgement, convenience or some other criteria. 
	We shall discuss some of the various sampling methods in the following way.
A.  Random Sampling Methods:
	i) Simple Random Sampling
	ii) Stratified Sampling
	iii) Systematic Sampling
	iv) Multi-Stage Sampling
      B.  Non-Random Sampling Methods:
	i)  Judgement Sampling
	ii) Quota Sampling
	iii) Convenience Sampling.
A. Random Sampling Methods
I.  Simple Random Sampling:
	Simple Random Sampling refers to the sampling technique in which each and every item of the population is given an equal chance of being included in the sample.  The selection is thus free from bias, because the investigator does not exercise his discretion of preference in the choice of items.  Random sampling is also referred to as ‘representative sampling’.  If the sample chosen at random and if the size of the sample is sufficiently large, it will represent all groups in the population.  A random sample is also known as a ‘probability sample’ because every item of the population has an equal opportunity of being selected in the sample.
Methods of obtaining a simple random sample:
	To ensure randomness of selection, one may adopt any of the following methods:
1. Lottery Method:  Under this method, all items of the population are numbered or named on separate slips of paper of identical size, colour and shape. These slips are folded and then mixed up in a container. A blindfold selection is then made of the number of slips required to constitute the desired size of sample. 
2.  Table of Random Numbers:  The lottery method becomes quite cumbersome to use as the size of population increases. So an alternative method is to use table of random numbers.  A number of random number tables are available such as : Tippett’s table of random numbers, Fisher’s and Yates numbers, and Kendall and Babington Smith numbers.  Tippett’s numbers are most popular and they consists of 41,600 digits taken from census reports and combined by fours to give 10,400 four-figure numbers. Fishers and Yates table consist of 15,000 numbers and these are arranged in two digits in 300 blocks, each block consisting of 5 rows and 5 columns.  Kendall and Smith also constructed random number 10000 in all by using a randomising machine.
Merits:
1. Since selection of items in the sample depends entirely on chance, there is no possibility of personal bias .
2.As compared to judgement sampling, random sample represents the population in a better ways.
3.  The analyst can easily assess the accuracy of his estimate because sampling errors follow the principle of chance.
Demerits:
1.  It requires completely catalogues population and it is difficult for the investigator to have up-to-date list of all the items of the population to be sampled. 
2.  The task of preparing slips is time-consuming and expensive. 
3.  The size of the sample required to ensure statistical reliability is usually large under random sampling than in stratified sampling.
4. From the point of view of field survey, it has been claimed that the time and cost of collecting the data becomes too large. 
5.  Random sampling may produce the most non-random looking results.  
II.  Stratified Sampling
	Under this method, the data attempts to design a more efficient sample than that obtained by the simple random sampling procedure. L The process of stratification requires that the population may be divided into homogeneous groups or classes called strata.  Then a sample may be taken from each group by simple random method, and the resulting sample is called a stratified sample. 
	A stratified sample may be either proportional or disproportionate. L In a proportional stratified sampling plan, the number of items drawn from each stratum is proportional to the size of the strata.  For example, if the population is divided into four strata, their respective sizes being 15, 10, 20, 55 percent of the population and a sample of 1,000 is to be drawn, the desired proportional sample may be obtained in the following manner:  
From stratum one 1,000    (0.15) = 150 items,
		Two 1,000 (0.10) = 100 items,
		Three 1,000 (0.20) =200 items,
		Four 1,000 (0.55) = 550 items. And hence total 1,000.
Merits: 
1. Since the population is first divided into various strata and then a sample is drawn from each stratum there is little possibility of any essential group of the population being completely excluded. 
2.  Stratified sampling ensures greater accuracy. 
3.  As compared to random sample, stratified samples can be more concentrated geographically.
Demerits:
1. Utmost care must be exercised in dividing the population into various strata.  
2. The items from each stratum should be selected at random.  But, this may be difficult to achieve in the absence of skilled sampling supervisors and a random selection within each stratum may not be ensured.  
III. Systematic Sampling
	This method is used in those cases where a complete list of the population from which sampling is to be drawn is available.  The method is to select every kth (k= Size of population /Sample size or N/n) item from the list where ‘k’ refers to the sampling interval. The starting point between the first and kth item is selected at random. For example, if a complete list of 1,000 students of a college is available and if we want to draw a sample of 200 students, this means we must take every fifth item (i.e., k=5). The first item between one and five shall be selected at random.  Suppose it comes out to be three, now we shall go on adding five and obtain numbers of the desired sample.  Thus, the second item would be the 8th student; the third, 13th student and so on.
Merits:
1.  It is more convenient to adopt than the random sampling or stratified sampling. 
2.  The time and work involved in sampling by this method are relatively smaller. 
3.  The results obtained are also found to be generally satisfactory provided care is taken. 
4.  If the population are sufficiently large, this is often be expected to yield good results.
Demerits:
1.  It becomes a less representative design than simple random sampling.
IV. Multi-stage Sampling 
	As the name implies, this method refers to a sampling procedure which is carried out in several stages.  Suppose, we want to take a sample of 5,000 households from the state of Karnataka, at the first stage, the state may be divided into a number of Divisions comprising of several districts, then at the second stage it may be divided into several Talukas in each districts and then at the third stage, in each talukas a number of households may be selected from each of the colonies, etc., and so on.
Merits:
1. It introduces flexibility in the sampling method.
2.  It enables existing divisions, sub-divisions of the population to be used as units at various stages. 
3.  It is particularly valuable in surveys of underdeveloped areas.
Demerits:
1.  It is less accurate than a sample containing the same number of final stage units which have been selected by some suitable stage process. 
B.  NON RANDOM SAMPLING METHODS
1.  Judgement Sampling:
	In this method of sampling, the choice of sample items depends exclusively on the judgement of the investigator.  For example, if a sample of ten students is to be selected from a class of sixty for analysing the spending habits of students, the investigator would select 10 students who, in his opinion, represent the class. This method, though simple, is not scientific because the results may be considerably affected by the personal prejudice or bias of the investigator.  
	Even though the principles of sampling theory are not applicable to judgement sampling, this method is often used in solving many types of economic and business problems such as:
i. Judgement sampling is used when size of sample is small. 
ii. In solving everyday business problems and making public policy decisions, executives and public officials are often pressed for time and cannot wait for probability sample designs, judgement sampling is then the only practical method.
iii. Judgement sampling may be used to conduct pilot studies. 
	However, this method depends upon the excellence in judgement by the investigator. It may be noted that even if the judgement is representative, there is no objective method for determining the size or likelihood of sampling error.    
2. Quota Sampling:
	Quota sampling is a type of judgement sampling.  In a quota sample, quotas are set up according to given criteria, but, within the quotas the selection of sample items depends on personal judgement. For example, in a radio listening survey, the interviewers may be told to interview 500 people living in a certain area and that out of every 100 persons interviewed 60 are to be housewives, 25 farmers and 15 children under the age of 15.  Within these quotas, the interviewer is free to select the people interviewed.
	The cost per person interviewed may be less but there are numerous opportunities for biases which invalidate the results, e.g., interviewers my miss farmers working in the fields or talk with those housewives who are at home. If a person refuses, interviewer may select someone else.  Thus, because of personal bias, it is rarely used. 
3.  Convenience Sampling:
	The method of convenience sampling is also called the chunk.  A chunk is a fraction of one population taken for investigation because of its convenient availability.  Thus, a chunk is selected neither by probability nor by judgement but by convenience.  Convenience samples are sometimes called accidental samples because those entering into the sample enter by ‘accident’.  They have no way knowing if those included in the sample are representatives of the target population.  Its results are biased and unsatisfactory. Formerly, the chunk was frequently used in public opinion surveys when interviewers stopped near the railway station or the bus stop or in the malls to interview the people.  Today, accountants still use convenience sampling to analyse or audit accounts.
Size of Sample:
	The size of the sample is very important in any kind of research.  Some have suggested that the sample size should be 5% of the size of the population while others are of the opinion the sample size should be at least 10%. However, in practice the appropriate size of the sample depends upon various factors relating to the subject matter under investigation like time aspect, the cost aspect, the degree of accuracy desired etc. But, the following two considerations may be kept in mind viz., the size of the sample should increase as the variation in the individual items increases and the greater the degree of accuracy desired, the larger should be the sample.
Merits of Sampling Method:
1. Less time.
2.  Less costs.
3. More reliable results.
4.  More detailed information.
5.  The destructive nature certain tests.
Limitations of the Sampling:
1. A sample survey should be carefully planned and executed, otherwise, results may be inaccurate and misleading.
2.  Sampling generally requires the services of experts and qualified personnel.
3.  At times, sampling plan may be so complicated that it requires more time, labour and money than a complete count.
4.  If the information is required for each and every unit in the domain of the study, a complete enumeration is necessary.
Sampling and Non sampling Errors:
	The term ‘error’ refers to the difference between the value of a ‘sample statistic’ and that of corresponding ‘population parameter’.  The error arising due to drawing inferences about the population on the basis of few observations (sample) is termed as sampling.  Clearly, the sampling error in this sense is non- existent in a complete enumeration survey, since the whole population is surveyed. 
	However, the errors arising at the stages of ascertainment and processing of data which are termed non-sampling errors are common both in complete enumeration and sample surveys.
I.  Sampling Errors
	In spite of the care taken in case of sample surveys, sampling errors are common. 
Sampling errors are of two types—biased and
 unbiased.
1. Biased errors: These errors arise from any bias in selection, estimation, etc.  Bias is said to exist when the value of a sample statistic shows a persistent tendency to deviate in one direction from the value of the parameter.
2. Unbiased Errors:  These errors arise due to chance differences between the members of population included in the sample and those not included. 
Therefore, the random sampling error decreases on an average as the size of the sample increases.
Causes of Bias:
Bias may arise due to:
1.  faulty process of selection;
2.  faulty work during the collection of information; and 
3.  faulty methods of analysis.
	Once the absence of bias has been ensured, attention should be given to the random sampling errors.  Such errors must be reduced to the minimum so as to attain the desired accuracy.  Apart from reducing errors of bias, the simplest way of increasing the accuracy of a sample is to increase its size.  The sampling error usually decreases with increase in sample size.
II. Non-sampling Errors
	When a complete enumeration of units is made, even in the processing of data tabulation errors may be committed affecting the final results.  Errors arising in this manner are termed as non-sampling errors. As regards non-sampling errors, they are likely to be more in case of complete enumeration survey than in case of a sample survey. Non-sampling errors can occur at every stage of planning and execution of the census or survey.  More specifically, non -sampling errors may arise from one or more of the following factors:
1.  Data specification being inadequate an inconsistent with respect to the objectives of the census or survey.
2.  Omission or duplication of units due to imprecise definition or boundaries of are areas units.
3.  Inaccurate or inappropriate methods of interview, observation or measurement with inadequate schedules.
4.  Lack of trained and experienced investigators.
5.  Lack of adequate inspection and supervision of primary staff.
6.  Errors due to non-response.
7.  Errors in data processing operations such as coding, punching, certification, tabulation, etc.
8. Errors committed during presentation and printing of tabulated results.
9.  In adequate scrutiny of the basic data. 
	In some situations, the non-sampling errors may be large and deserve greater attention than the sampling errors.  While in general, sampling error decreases with increase in sample size, non-sampling error tends to increase with the sample size. In the case of complete enumeration, non-sampling errors require to be controlled and reduced to a level at which their presence does not vitiate the use of final results.




SAMPLING DISTRIBUTION
 	Much of the information used in business and industry is gathered by means of sampling. The results of a properly taken sample, if subjected to rigorous analysis, will ordinarily enable the investigator to arrive at generalisations that are valid for the entire population. The process of generalising these sample results of the population is referred to as statistical inference. For example, in order to be able to use the sample mean to estimate the population mean, we should examine every possible sample (and its mean) that could have occurred in the process of selecting one sample of a certain size.  If this selection of all possible samples actually were to be done, the distribution of the results would be referred to as a sampling distribution.
	It is necessary to understand the Central Limit Theorem and the following three probability distributions, their characteristics and relations:
1. The population distribution,
2. The sample distribution, and 
3. The sampling distribution.
Central Limit Theorem.  It was introduced by De Moivre during early eighteenth century.  According to this theorem, if we select a large number of simple random samples, say, from any population distribution and determine the mean of each sample, the distribution of these sample means will tend to be described by the normal probability distribution with a mean  and variance .  This is true even if the population distribution itself is not normal. This theorem helps to explain why a vast number of phenomena show approximately a normal distribution.
The Population Distribution
	When we talk of population distribution, we assume that we have investigated the population and have full knowledge of its mean and standard deviation. On the basis of census operations carried out the mean of the population which is also called true mean symbolised by  and its standard deviation symbolised by  can be worked out. These are used for these measures to emphasise their difference from corresponding measures taken from a sample.  It may be noted such measures characterising a population are called population parameters.
The Sample Distribution
	When we talk of a sample distribution, we take a sample from the population.  A sample distribution may take any shape.  The mean and standard deviation of the sample distribution are symbolised by X bar and s respectively.   A measure characterising a sample such X bar or s is called a sample statistic.  
The Sampling Distribution
	Sampling distributions constitutes the theoretical basis of statistical inference and are of considerable importance in business decision-making. It we take numerous different samples of equal size from same population, the probability distribution of all the possible values of a given statistic from all the distinct possible samples of equal size is called a sampling distribution. 
	It is interesting to note that sampling distributions closely approximate a normal distribution.  It can be seen that the mean of a sampling distribution of sample means is the same as the mean of the population distribution from which the samples were taken. 
	The mean of the sampling distribution is designated by the same symbol as the mean of the population, namely .  However, the standard deviation of the sampling distribution of means given a special name, standard error of mean, and is symbolised by . The subscript indicates that in this case, we ar dealing with a sampling distribution of means. 
	The greatest importance of sampling distributions is the assistance that they give us in revealing the patterns of sampling errors and their magnitude in terms of standard error. The fact that the sample means are less variable than the population data follows logically from an understanding of the averaging process.  A particular sample mean averages together all the values in the sample.  A population may consist of individual outcomes that can take on wide range of values from extremely small to extremely large.  However, if an extreme value falls into the sample, although it will have an effect on the mean, the effect will be reduced since it is being averaged in with all the other values in the sample.  Moreover, as the sample size increases, the effect of a single extreme value gets even smaller, since it is being averaged with more observations.   This phenomenon is expressed statistically in the value of the standard deviation of the sample mean. This is the measure of variability of the mean from sample to sample and is referred to as the standard deviation of the sampling distribution of sample mean or the standard error of he mean denoted by  and is calculated  by
σxbar = σ/√x
The formula holds only when population is infinite or samples are from finite population with replacement. 

Relationship between Population, Sample and Sample Distributions
	It will be interesting to note that the mean of the sampling distribution is the same as the mean of the population.  It is possible that many sample means may differ from the population mean.  However, the sample information can be used as an estimate of population values. 
	It has also been established that the observed standard deviation of a sample is close to the standard deviation of the population values. 
Sampling Distribution of the Mean
	If a population distribution is normal, the sampling distribution of the mean Xbar is also normal for sample of all sizes as can be seen from the following diagram:
Diagram (Page no. 475 B.S. of SPGupta and MPGupta)
The following are the important properties of the sampling distribution of mean:
1.  It has a mean equal to the population mean, i.e., xbar = .
2.  It has a standard deviation equal to the population standard deviation divided by the square root of the sample size. σxbar = σ /√n
Where σxbar is a measure of standard error of the mean.
3.  It is normally distributed.  The distribution of sample means for large samples is distributed normally whatever the shape of the population distribution, provided σ is finite.  Samples of 30 or more items are frequently considered large for statistical purposes.  
The formula for standard error takes the following form. 
. σxbar = σ /√n
Where ‘s’ refers to the standard deviation of the sample.
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