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Sampling Distribution                                     CH 14
Population or Universe:

The word “Population” or “Universe” in statistics is defined as the aggregate of objects.

For Example:

· We have population  births, weights, heights, prices of wheat, tosses of a coin etc. 

Finite Population:
A population is said to be finite if it contains limited or countable number of items.

For Example:

· All university students in Pakistan.

· The total Books in “ KFC” Library.
Infinite Population:
A population is said to be infinite if it contains unlimited or uncountable number of items.

For Example:

· The total number of stars on the sky.

· Number of hairs on the head.

Sample:

A part of the population is called sample. Sample size is denoted with “n”.

For Example:

· Few drops of blood taken from a human body is called a sample.
Parameter:

A numerical value calculated from population data is called parameter.

For Example:

μ, Ρ, λ, σ etc.

Statistic:

A numerical value calculated from sample data is called statistic.

For Example:

x, s, p, r etc.
Sampling with replacement:
Sampling is said to be with replacement if the selected unit is replaced to the population before selecting the next unit. All possible sample of size “n” drawn from population of size “N” using with replaces method as:
Nn     S.t     n>N  or  n<N

Sampling without replacement:

Sampling is said to be without replacement if the selected unit is not replaced to the population before selecting the next unit. All possible sample of size “n” drawn from population of size “N” is given by formula.
Ncn  =  N! / n! (N-N)!

In this case       n <  N .

Advantages of Sampling:

Following are some important advantages of sampling:

· Need For Sampling:
                                            When some items of population are missing sampling becomes our need. When population are infinite, then we need sampling.
· Reduced Cost:
                                   A Sample survey will usually be less costly than a complete census because the expense of covering all the units would be greater than that of covering only a sample.
· Saving Time:
                                 A Part of the population can be studied more quickly thus sampling saves a lot of time.
· Greater Speed:
                                    By using sampling method we can obtained our desired results speedily.
· Greater Scope:
                                    The results obtained through sampling have greater scope in every field of life.
· Reliability:
                             The results of sampling are reliable.
· Flexibility:
                             Sampling has more flexible than complete count.
· Infinite Population:
                                            In case of infinite population sampling is best.
· Modern Techniques:
                                              There are modern methods in sampling to solve our problems.
· Greater Accuracy:
                                          There exists greater accuracy in sampling method.

Disadvantages of Sampling:

Following are some limitations and disadvantages of the sampling method:

· It is difficult to decide the method of sampling.

· It is less reliable than complete count.

· In sampling method, there is lot of deficiency professional & trained persons.

· In sampling survey, there are very shortage of equipments or tools.
Purpose of Sampling:
· To obtain maximum information about population characteristics without using all the units of population.

· To find reliable estimates of population parameters on low cost and minimum time.

Sampling Unit:

The individual units of a population are called sampling units.

Sampling:

The process of selecting a sample is called sampling.

Following are the important types of sampling methods.

· Simple random sampling:

· Stratified random sampling:

· Systematic sampling:

· Cluster sampling:

· Quota sampling:

· Multiphase sampling:

· Multistage sampling:

· Inverse sampling:

· Purposive sampling:

· Sequential sampling:
Simple Random Sampling:
Simple random sampling is the method of population has known probability of its selection in the sample is called simple random sampling.

Stratified Random Sampling:

When the population is heterogeneous, we divide the population into homogenous graphs and then select members at random from each of the homogeneous group by applying a method of simple random sampling. The sample so obtained is called stratified sample and the process is known as stratified sampling.
For Example:

Suppose we want to represent 7 students of a co-educational college with 600 girls and 800 boys. From 600 girls we select at random 3 girls and from 800 boys we may select 4 boys at random.

This sample of 7 students with 3 girls and 4 boys is stratified sample.

Advantages of Stratified Random Sampling:

Following are important advantages of the stratified random sampling:
· Low cost
· Greater Accuracy

· Better coverage

· Representation of population

· Improved estimates of population characteristics

· Reduce the variance of the estimator
· Chance of drawn a biased sample are reduced

Disadvantages of Stratified Random Sampling:
Following are the disadvantages of the stratified random sampling:

· Difficult to divide population into homogeneous group
· Not better for infinite population

· Difficult to allocate sample size for each stratum

· Difficult to perform than simple random sampling

· Required advance knowledge about population

Systematic Sampling:

In systematic sampling units are drawn from the list at regular interval. The first unit in the sample is selected at random from 1 to N units in the population and then every kth unit is included in the sample. The regular interval is called systematic sampling.
Advantages of Systematic Sampling:

· Saves time & efforts

· Economical

· Represent population

· Easily work

Disadvantages of Systematic Sampling:

· Systematic sampling give a biased sample
· The sample contains periodic variable

· No reliable way to estimate S.E of mean

Cluster Sampling:
A cluster sample is obtained by dividing the population by individuals or in natural groups such as households, agriculture forms, educational industries etc. such group is called cluster sampling. These clusters are sampling units, a sample is drawn at random. Individual items within each cluster must be as heterogeneous as possible.
Advantages of Cluster Sampling:
· Saves time & cheaper

· It is better when sampling frame is not available and variation among clusters are less than variation within clusters
· It is mostly used in statistical quality control
· Easy to access data

Disadvantages of Cluster Sampling:
· Require advance knowledge

· May be unrepresentative of the population

Sampled Population:

A population from which the sample is drawn is called parent population. It is also called sampled population.

Target Population:

A population from which an information are desired is called target population.

For Example:

· The female population of Pakistan on a certain data.

· The prices of Vita-Bread in Rahim Yar Khan (City).
Complete Enumeration:

If we collect information from all the units of the population, the study is called complete enumeration. The examples of complete enumeration in population census of Pakistan. Population census was conducted in 1951, 1961, 1972, 1981 and 1998.

Probability Sampling Or Random Sampling:
When each unit of the population has known probability of its selection in the sample is called probability sampling. It is also called Random Sampling.

Probability Sampling have the following types:

· Simple Random Sampling

· Stratified Random Sampling

· Systematic Sampling

· Cluster Sampling

Non-Probability Sampling:
If sampling is done on personal judgment then it is called non-probability sampling. It is also called non-random sampling.

Non-Probability Sampling have the following types:

· Judgment Or Purposive Sampling

· Quota Sampling

Sample Design:
The complete procedure about the following is called Sample Design.

· Size of the population
· Size of sample

· Selection of sample

· Collection of sample

· Presentation of final results

Sampling Frame:

A complete list of all units of population from which a sample can be drawn is called sampling frame.
Sampling Survey:

Survey means collection of information. When survey is done by sampling method it is called sampling survey.

Sampling And Non-Sampling Errors:

The sampling error is the difference between the value of statistic and true value of the population parameters.
Sampling error = Statistic – Parameter
                           = Ā  -   μ

Sampling error is reduced by increase sample size.

Non-Sampling error included biases and mistakes. Non-sampling error increased by increasing sample size.

Sampling Bias:
The difference between the expected value of statistic and the true population parameter is called sampling bias.
Sampling bias = E (Statistic) – Parameter

                         = E (Ā)    -   μ

Difference Between Sampling Error And Sampling Bias:

Sampling Error                              Sampling Bias

1. Sampling error balance out                     1. Bias doses not balance out 
    in the long run.                                              in the long run.
2. Sampling error=Statistic–Parameter     2. Sampling bias=E(Statistic)–Parameter

3. Sampling error id reduced by                 3. Sampling bias increase by increasing  

    increasing sampling size                              sample size.

4. Error is decomulative.                             4. Bias is cumulative.

5. Not same direction.                                  5. Same direction.
Sampling Distribution:

A frequency distribution is formed by the values of a statistic such that as Mean, the standard deviation and the proportion etc. which is calculated from all possible samples of size “n” is called sampling distribution of the statistic.

Sampling Distribution of Means:

A frequency distribution constructed from all possible sample means is called sampling distribution of means.

Sampling Distribution of Variances:

A frequency distribution constructed from all possible sample variances is called sampling distribution of variances.

Standard Error:

The standard deviation  of the sampling distribution of means is called standard error.

Uses of Standard Error:

Standard error is used to measure:

· The efficiency of sampling method

· The sample size “n”
· The variability among the value of sample means

· Statistical Inference

· To build confidence interval for population parameter we use standard error

· It is used to compare the efficiency of different estimators
· Without S.E  inferential statistics is blind

· S.E is used for least of consistency
Statistical Population:

A big lot from which a few items are inspected is called statistical population or universe. The population may be 

* Individuals

* Objects

* Animals

* Trees

etc. The size of population is denoted by “N”. It is to be noted that the term population does not mean only human population.
Existent Population:
A population which actually exists i.e. concrete units of population such as trees, books and households etc.

Hypothetically Population:

A population which actually does not exist but we can thought about it i.e. all possible result of a die.
Sampling:

The process of selecting sample is known as sampling. The important method of sampling are:

· Simple random sampling:

· Stratified random sampling:

· Systematic sampling:

· Cluster sampling:

· Quota sampling:

· Multiphase sampling:

· Multistage sampling:

· Inverse sampling:

· Purposive sampling:

· Sequential sampling:

Representative Sample:
A sample that is free from bias and error is called representative, good or unbiased sample.

Accuracy:

Extent of closeness of a measured value to its true or accepted value is called accuracy. It shows the comparison of measurements with its true value.

Precision:
Extent of closeness between two or more values of measurements made in some way is called precision.
Note:

A careful work must be accurate as well as precise, therefore precision and accuracy should go side by side for perfect measurements.

Allocation of Sample Size:

By allocation, we mean to draw a random sample of size “n” from various strata according to their mature. There are four methods:

a) Equal Allocation
b) Proportional Allocation

c) Optimum Allocation

d) Neyman Allocation

Equal Allocation:
                                       ni = n / k          i = 1,2,3, … , k

Proportional Allocation:

We mean to draw a random sample of size “n” from various strata proportional to their size. i.e. ni = Ni / N . n
Where

n = Sample size to be drawn
Ni = Size of the ith stratum

ni = Units drawn as sample from ith stratum
N = Population size

Multistage Sampling:

A sample is called multistage sampling when it is selected in stages. Here population is divided into a number of units, called first stage units, which are sub sampled. Each of selected second stage units is further divided into third stage units from which a sub sample is again selected and so on. The sample size is the number of the units, included in the sample at final stage. Multistage sampling decreases the size of the population at every stage. This technique is used in large scale surveys.
Advantages of Multistage Sampling:

The advantage of this method is that only the selected part of population chosen at only stage is listed for sampling at the next stage.
Multiphase Sampling:

A sample is called two phase sample when certain items of information are collected from all the units in the sample and other items of usually more detailed information are collected from a sub sample of units. Composing the original sample. Two phase sampling is also called double sampling. When more phases are added, it becomes Multi-Phase sampling. It is important to note that in multiphase sampling the same units are used at each phase, while in multi stage sampling the units are different in different stages of sampling. 
Sequential Sampling:
In sequential sampling the sample size is not fixed in advance but sampling units are drawn one by one. When make a decision weather to accept the group or reject the group or continue before the next draw.

Purposive Sampling:

A purposive sampling is non-random sample. The selection of sample units is biased or personal feelings of a person.

· It is pure personal approach for selecting a sample

· It is subjective

· There exists flexibility

· Different persons have different sampling in same population

Quota Sampling:
A quota sample is judgment sample. The selection of sampling units is biased on personal feelings of a person. Quota sampling may be considered as stratified sampling in which the selection of units within stratum is non-random. Quota sampling is non-random, cannot be modeled data easily and quickly gathered.
Finite Correction Factor:

When a sample of size “n” is drawn without replacement from a finite population of size “N” then
The Factor N-n / N-1 is usually collected finite correction factor (fcf) or finite population correction (fpc) for the variance fpc becomes/approaches to unity of population becomes larger and larger, so

                                      And needs no fpc that is fpc is dropped from the formula 
when n/N < 5 % and                                   fpc is used when n/N >= 5 %

Here n/N = sampling fraction.

VITAL STATISTICS

Vital Events:

There are some factors which cause changes in the size and the composition of human population.
For Example:

Births add and deaths take away some members of the population. Such factors are called vital events and they include births, deaths, migrations (which changes the size of the population), marriages, divorces, sickness, adoption, legitimating etc (which effect the population composition). 
Vital Statistics:
The collection, presentation and analysis of vital events constitute vital statistics.
OR

The study of human population is called vital statistics.
Ratio:
In vital statistics, a ratio expresses the relation of a given kind of event to the occurrences of other event.

                   Ratio = a / c

Where

a = Number of times the given kind of event occurs.
c = Number of times the another event occur.

The important uses are sex ratio, child women ratio, death ratio, birth ratio or vital index.

Rate:

A rate is a type of ratio, which is defined as the numerical proportion of number of the vital events to the population in which the event took place.
                        Ratio = Rate = a / a+b

Where
a = The number of times the given vital event occurs.

b = The number of times the events does not occur.

Sex Ratio:

The ratio between male and female in a human population is called a sex ratio. It is computed by dividing the number of male in a population by the number of females in the same population and the result is expressed in percentage.

      Sex Ratio = Number of males / Number of females * 100

It is of great important to note that a sex ratio more than 100, would mean that there are more men than women.
Child Women Ratio:

The ratio between children under 5 years of age and the women of “Child bearing age” is called child women ratio.

The child bearing age is defined sometimes by age group “15-44” and sometimes by age group “15-49”. The child women ratio is computed by the formula.
Child Women Ratio = P0-4 / P15-44 * 1000

Where
P0-4 denotes the number of children, both sexes combined, under 5 years of age and P15-44 denotes the number of females (women) between 15-44 ( 15-49 is used when child bearing age is taken as 15-49).
Birth Death Ratio OR Vital Index:

The ratio between the total number of births and the total number of deaths of population during a particular year is called Birth Death Ratio or Vital Index.
Vital Index = Total No. Of Births / Total No. Of Deaths * 100

A vital index is more than 100, indicates that the population is increasing. When it is less than 100, it implies that the population is decreasing. And the population is stable when the vital index equals to 100.
Crude Death Rate:

It is the ratio of total registered deaths of some specified year to the total mid year population in the same year, multiplied by 1000, it is computed as follows:

C.D.R = D /P * 1000

Where

D = denotes the total number of deaths from all census during a calendar year.
P = denotes the mid year total population ( which is taken as an estimate of the average population during the whole calendar year ) during the same year.
Specific Death Rates:
When death rates are computed for some specific class of people or specific age group of population, they are called specific death rates. The most important specific death rates are:
· Age specific death rates

· Age sex specific death rates

Age specific death rates are computed by the formula:
A.S.D.R = di / pi * 1000

Where

di = denotes the number of deaths in the specific age group during a given year.

pi = denotes the mid year population for the same age group.

When age specific death rates are computed separately for males and females. They are called age sex specific death rates.
Infant Mortality Rate:

It is defined as the ratio of registered deaths of infants during a specific year to the total live births registered in the same year.

I.M.R = do / B * 100

Where

do = Number of registered deaths of infants for a year.
B = Number of live births of infants for a year.

Note:

A low infant mortality rate shows that the maternity cases are well attended, medical care facilities are adequate, hygienic conditions are good etc.

Standardized Death Rates:
The crude death rate of two localities or in two occupations cannot be compared because death rate varies with age factor. The climates atmosphere and personal status also effect upon it. While the crude death rate do not consider these all events. In order to overcome this short coming, the death rate are standardized or adjusted.
The computations of standardized death rate is based upon the following assumptions.
· The age wise distribution of two population is same

· One population is taken as standard population

Crude Birth Rate:
It is the ratio of total registered live births during a calendar year to the total mid year population during the same year and multiplied by 1000.
It is computed by the formula:

C.B.R = B / P * 1000

Where

B = denotes the total number of live births registered during a given year.

P = denotes the mid year total population during the same year.
Q: Why are Death Rates Standardized ?

Ans: The crude death rate of two localities cannot be compared, because death rate differ with age, sex, climate, occupation etc. Aged people even though well housed and well fed, die comparatively at higher rate than the young people. Good climate is cause to long life and bad climate is injurious to health. Moreover mortality is highest at the extremes of age. To element such effects, we compute the standardized death rates.
Age Specific Birth Rate:

While calculating crude birth rate, we have taken into consideration the total mid year population but the number of births depends upon the number of married women of child-bearing age. Moreover birth vary with the age of parents etc.

Age specific birth rate (A.S.B.R) are therefore generally computed for women by the formula:

A.S.B.R = bi / Pif * 1000

Where

bi = denotes the number of births registered during the year to women of the age group.

Pif = denotes the mid year population figure of women in the same age-group.

General Fertility Rate:

(Fertility means actual production of children)

The general fertility rate is a ratio of all live births registered during a year to the number of women of child-bearing age. It is computed by the formula:
G.F.R = Σ (B / Pif) * 1000

Where

B = denotes the total number of live-births registered during the year.
Pif = denotes the mid-year population of women of child-bearing age.
           The fertility rate specific for age is defined and computed by the following formula:

Age Specific Fertility Rate = Bi / Pif * 1000

Where

Bi = denotes the number of live births accruing to mothers of the ith age-group during a year.
Pif  = denotes the mid-year female population of the same age group during the same year.

Total Fertility Rate:

The total fertility rate is obtained by aggregating the age specific fertility rates for women for each reproductive age. When the age specific fertility rate are given or computed for 5-year age-groups, the aggregating is to be multiplied by 5, the number of years in each age-group as it is the sums of the rates at every individuals age which is required. In order words, the total fertility rate is computed by the formula:
T.F.R = 5 Σ ( Age-Specific Fertility Rate)

           = 5 Σ (Bi / Pif * 1000)

Where
Bi = denotes the total live births in the age-group.
Pif  = denotes the mid-year female population in the same age-group during the same year.

Gross Reproduction Rate:
The gross reproduction rate is defined as the sum of age specific birth rate of child bearing age, restricted to female births only, it is assumed that
· None of the female baby would die or would migrate before reaching the end of child-bearing age.

· The fertility rate would remain unchanged through out the child-bearing age.
The G.R.R is therefore computed by the formula:

G.R.R = 5 Σ bif / Pif

Where

bif = denotes the number of live female births registered during a year, to mother of age i (i is an age-group fo five year).

Pif = denotes the mid-year female population of the same age-group.
Note:

The GRR estimates the average number of female babies produced by one married woman throughout her reproductive life.

Net Reproduction Rate:
The net reproduction is defined as the average number of female babies who would become mothers when they attain their child-bearing age. It is computed by the formula:

N.R.R = 5 Σ (Female births / Female population * Probability of survival)

Note:
· If NRR = 1 of shows that the present female population is exactly maintaining itself population is stable.
· If NRR < 1 it shows that number of potential mothers is decreasing and the population is declining.

· It NRR > 1 it means that population in increasing.

Advantages of Vital Statistics:

Following are the advantages of vital statistics:
· The vital statistics shows the changing pattern of the population of a country.

· On the basis of trends in births and deaths, many manufactures plan their production of goods such as food, clothing, medicine and others articles needed for children and aged people.
· The vital statistics are used by a number of government and private agencies to draw up their social and economies plans.
· Vital statistics in respect of incidence of Chinese, number of deaths etc.

· Birth and death certificates are needed in many circumstances.
· The reproduction rates are studies to know whether the population of country is increasing, decreasing or in stable.

· The business prospects of jewelers, furniture manufacturers are influenced by the trend in marriage rates.
· The vital statistics are the administrative and research needs of public health agencies.
Disadvantages of Vital Statistics:

Following are the disadvantages of Vital statistics:

· It is clear that many births escape registration, especially in rural areas. Many deaths, marriages, divorces also remain unregistered.
· Data on the incidences of disease, on ages at death and on the cases of death are notoriously unreliable.

· Information in respect of infectious disease is grossly under reported.

· Data on vital statistics are sometimes deliberately misreported. For example widowed or divorced may report themselves as singles or they may not tell their true ages.
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