Unit 18: SAMPLING distribution OF THE MEAN
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18.0 aims and objectives

At the end of this unit students will be able to:-

1- define sampling distribution

2- find population mean by taking sample means

3- state and describe the central limit theorem

4- determine the probability distribution of certain data and apply the central limit theorem.

18.1 introduction

A large number of units chosen at random from a large population tends to possess the characteristics of that population. If the sample selected is representative of the population, the results of the sample mean and the population mean are to be equal. One may get doubt that the results of sample data may be different from that of universe. But it is obvious that sample form part of the population.

18.2 sampling distribution

- Sample mean is an estimate of population mean that can be more accurate by taking

   large samples.

- Sampling distribution of the mean is probability distribution of all possible sample 

   means of a given size, selected from a population.

Steps to construct sampling distribution of the mean:

Example: - Suppose a baby sitter has 5 children under her supervision with average age of 6 years. The age of each child is given as follows.

	Children
	X1
	X2
	X3
	X4
	X5

	Age
	2
	4
	6
	8
	10


These 5 children constitute our entire population, so that N = 5 and.

 The population mean =  
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The standard deviation is given by the formula  ( = 
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Now, Let us assume the sample size, n = 2 and take all the possible samples of size 2, from this population. 

Since 
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there are 10 possible samples

These are   X1, X2-------- (2, 4)---------
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 = 3           X2, X3------- (4, 6)------- 
[image: image6.wmf]5

X

= 5

                  X1, X3-------- (2, 6)---------
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 = 4           X2, X4------- (4, 8)------- 
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                  X1, X4-------- (2, 8)---------
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= 5            X2, X5------ (4, 10)-------
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                  X1, X5-------- (2, 10)------- 
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X

= 6           X3, X4------ (6, 8)--------
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                                                                                   X3, X5------ (6, 10)-----
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X

= 8

                                                                                   X4, X5------ (8, 10)-----
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If only the first sample was taken, the average would be 3, if the second was taken, the average would be 4 and so on. All these samples independently taken are totally unrepresentative of the population. However, if a grand mean, 
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The grand mean has the same value as the population mean. Let’s organize this distribution of sample means into a frequency distribution and probability distribution. 

	Sample Mean
	Frequency
	Relative Frequency
	Probability

	3
	1
	1/10
	0.1

	4
	1
	1/10
	0.1

	5
	2
	2/10
	0.2

	6
	2
	2/10
	0.2

	7
	2
	2/10
	0.2

	8
	1
	1/10
	0.1

	9
	1
	1/10
	0.1

	
	
	
	1.00


The probability distribution of the sample mean is referred to us “Sampling distribution of the mean.”

Accordingly, the sampling distribution of the means of the ages of children as tabulated above has three predicate patterns. 

These are: -

1- The mean of the sampling distribution and the means of the population are equal. This can be shown as follows:

	Sample Mean (
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          1.00

The mean of the sampling distribution is given by ( = 
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= (3 x 0.1) + (4 x 0.1) + (5 x 0.2) + (6 x 0.2) + (7 x 0.2) + (8 x 0.1)  

                                          + (9 x 0.1) 

                                     = 0.3 + 0.4 + 1.0 + 1.2 + 1.4 + 0.8 + 0.9

                                     = 6.0

This value is the same as the mean of population 

2- The spread of the sample means in the distribution is smaller than in the population values. For instance, the spread in the distribution of sample means above is from 3 to 9, while the spread in the population was from 2 to 10. 

3- The shape of the sampling distribution of the means tends to be “Bell-shaped” and approximates the normal probability distribution, even when the population is not normally distributed.
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A population consists of seven numbers 2, 3, 4, 6, 8, 9 and 10. Consider all   

                      possible samples of size 2 which can be drawn with replacement from the 

                      population. Find 

       a- the mean of the population. 

       b- the standard deviation of the population.

       c- construct the sampling distribution of means.

       d- the mean of the sampling distribution of means.

18.3 the central limit theorem

The Central Limit Theorem States that:

“Regardless of the shape of population distribution, the distribution of the sample means approaches the normal probability distribution as the sample size increases.”

The question is how large should the sample size be in order for the distribution of sample means to approximate the normal distribution for any type of population.  In practice, the sample sizes of 30 or larger are considered adequate for this purpose. This should be noted however, the sampling distribution would be normally distributed if the original population is normally distributed, no matter what the sample size.

The discussion on the sampling distribution is concerned with the proximity to “a” sample mean to the population mean. It can be seen that the possible values of sample means tend towards the population mean, and according to central limit theorem, the distribution of sample means tends to be normal for a sample size of n being larger than 30.

Standard error of the mean (
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): is a measure of dispersion of the distribution of sample means and is similar to the standard deviation in a frequency distribution and it measures the likely deviation of a sample mean from the grand mean of the sampling distribution.
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, Where N = number of sample means. 

For the above example of the sampling distribution of the ages of 5 children, the standard error of the means is: 
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However, since it is not possible to take all possible samples from the population, we must use alternative method to compute 
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If mean is given for a finite population,
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  Where ( = Population standard deviation

                                                           N = Population size

                                                            n = Sample size.

Since we generally deal with very large population, which can be considered infinite, 
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         Hence, 
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- The factor 
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is known as the finite correction factor and should be used when population size is finite. 

- Any single sample mean will become closer to the population mean, as the value of 
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Example: The IQ scores of College students are normally distributed with the mean of 120 and standard deviation of 10.

a – what is the probability that the IQ score of any one student chosen at random is 

       between 120 and 125?

b – If a random sample of 25 students is taken, what is the probability that the mean of 

      this sample will be between 120 and 125?

Solution: - a - 



                       

                     ( = 10           ( = 120    125

Using the standardized normal distribution formula,
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From the table, the area for Z = 0.5 is 0.915. 

(There is a 19.15 % chance that a student picked up randomly will have an IQ score between 120 and 125.

b - 
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    Then Z = 
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The area for Z = 2.5 is 0.4938.

( There is a chance of 49.38 % that the sample mean will be between 120 and 125.

- As the sample size increases further, this chance will also increase.

- It can be noted that the probability of a sample mean being between 120 and 125 is much higher than the probability of an individual student having an IQ between 120 and 125.



If the heights of male students are normally distributed with mean 66 inches

                      and standard deviation 3.0 inches, 

a – what is the probability that the height of any student picked up at random will be more than 60 inches?

b – If a random sample of 25 students is taken, what is the probability that their mean height would be between 66 and 67 inches?

18.4 summary

A large number of units chosen at random for the sample gives more accurate results. Large samples are more stable than small samples since variation in large sample is insignificant. The principle of statistical regularity emphasis this fact and the point of desirability on selecting sample at random. If is on this principle that the insurance company is able to insure people against the various types of calamities.

18.5 answers to SELF-ASSESSMENT questions



Given numbers, 2, 3, 4, 6, 8, 9, 10  N = 7

                       Sample size = 5

a) Population mean = 
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b)          
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    = 
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c) n = 2   
[image: image38.wmf]21

2

42

!

5

2

!

5

6

7

!

5

!

2

!

7

2

7

=

=

=

=

ú

û

ù

ê

ë

é

x

x

x


         ( There are 21 possible samples.

X1, X2 – (2, 3) - 
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X1, X3 – (2, 4) - 
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X1, X5 – (2, 8) - 
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X1, X6 – (2, 9) - 
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X1, X7 – (2, 10) - 
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X2, X3 – (3, 4) - 
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X2, X4 – (3, 6) - 
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 = 4.5                     The grand mean of these sample means is 

X2, X5 – (3, 8) - 
[image: image47.wmf]9

X

= 5.5                          

X2, X6 – (3, 9) - 
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	Sample Mean
	Frequency
	Relative Frequency
	Probability

	2.5
	1
	1/21
	0.0476

	3
	1
	1/21
	0.0476

	3.5
	1
	1/21
	0.0476

	4
	1
	1/21
	0.0476

	4.5
	1
	1/21
	0.0476

	5
	2
	2/21
	0.0952

	5.5
	2
	2/21
	0.0952

	6
	3
	3/21
	0.1429

	6.5
	2
	2/21
	0.0952

	7
	2
	2/21
	0.0952

	7.5
	1
	1/21
	0.0476

	8
	1
	1/21
	0.0476

	8.5
	1
	1/21
	0.0476

	9
	1
	1/21
	0.0476

	9.5
	1
	1/21
	10.0476

	
	
	
	0.9997=1.0000


X2, X7 – (3, 10) - 
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X3, X4 – (4, 6) - 
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X3, X7 – (4, 10) - 
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X4, X5 – (6, 8) - 
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X4, X6 – (6, 9) - 
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X5, X7 – (8, 10) - 
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X6, X7 – (9, 10) - 
[image: image57.wmf]21

X

 = 9.5

X4, X7 – (6, 10) - 
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                                                            Sampling distribution of the mean

d –   ( = 
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           = (2.5 x 1/21) + (3 x 1/21) + …

           = 0.12 + 0.14 + 0.17 + 0.19 + 0.21 + 0.48 + 0.52 + 0.86 + 0.62 + 0.67 + 0.36 +  

             0.38 + 0.40 + 0.43 + 0.45

                     = 6.00

Thus, the value of the sample mean is the same as the value of the population mean.



( = 66,       ( = 3.0

                                                             Z = 
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    The area for Z = 2.00 is 0.4772 

                                                              0.5000 – 0.4772 = 0.0228 + 0.5000 = 0.5228

                                                        (There is a chance of 52.28 % that a student picked   

                    60       ( = 66                    up randomly will be more than 60 inches.

b) 
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      Then Z = 
[image: image63.wmf]6667

.

1

6

.

0

1

6

.

0

66

67

=

=

-


     The area for Z = 1.6667 is 0.4525

     There is a chance of 45.25 % that the mean height will be between 66 and 67 inches.

18.6 model exam questions

1 – The heights of a certain group of boys is given as follows

	Boys 
	X1        X2      X3        X4        X5       X6

	Height in Meters
	1.50    1.60    1.60    1.70     1.80     1.80


Consider all possible samples of size 3 which can be drawn with replacement from the population. Find 

a – the mean height of the population.

b – the standard deviation of the population.

c – construct the sampling distribution of means.

d – the mean of the sampling distribution.

2 – Five hundred ball bearings have a mean weight of 5.05 ounces and a standard deviation of 0.4 ounces. If the weights are normally distributed 

a – What is the probability that the weight of any ball bearing chosen at random is  

       between 5 and 5.05 ounces?

b – If a random sample of 20 ball bearings is taken, what is the probability that the 

      mean of the sample will be 5.05 and 5.10 ounces.

18.7 glossary

Grand mean – refers to mean calculated from other means. It is also known as the general mean.

Ounce – measuring unit of weight. Abbreviated as OZ.

               1 0Z is equal to one sixteenth of a pound.
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·  Business Statistics, C.R. REEDY. M. Com. Ph.D., 1994.

·  Business Statistics (practical and theory), T.K. Nagpal, P.S. Narayana, 1988.

·  Business Statistics, Dr. J.S. Chandan. Prof. Jadjit Singh KK Khanna. 1996
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19.0 Aims and Objectives

The aims of this unit are to explain the meaning, uses and computational process of estimation.

At the end of this unit, the learner should be able to: -

· define what is meant by estimation, estimator and estimate

· distinguish between point and interval estimation 

· construct confidence interval for the population mean

19.1 Introduction

Statistical Estimation
Managers in business, education, social work, and other fields make decisions with out complete information. Automobile manufacturers do not know exactly how many people will purchase new cars next year. The college registrar does not know exactly how many students will enroll next fall, but based on the past experience may lay down an estimate plan. Everyone makes estimates. When you get ready to cross a street, you estimate the speed of the car that is approaching, the distance between you and the car and your own speed. Having made these quick estimates, you decide whether to wait, walk or run. In such decisions without complete information, there is a considerable uncertainty. 

In statistical inference, one estimates about the population based on the result obtained from the sample selected from that population. Thus, estimation is a process by which we estimate various unknown population parameters from sample statistics. 

Any sample statistic that is used to estimate a population parameter is called an estimator and an estimate is a numerical value of an estimator.

The sample mean is often used as an estimator of the population mean. Suppose that we calculate the mean daily revenue of a store for a random sample of 6 days and find it to be 1110 birr. If we use this value to estimate the daily revenue for the whole year, then the value 1110 birr would be an estimate. 

There are two kinds of estimates, point estimates and interval estimates.

19.2   point and interval estimation

19.2.1 Point Estimation

Point estimation is a statistical procedure in which we use a single value to estimate a population parameter. A point estimate is a single number that is used as an estimate of a population parameter, and is derived from a random sample taken from the population of interest.

Some of the most important point estimators are given below:

	Population parameter
	Point estimator

	Mean, (
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	Standard deviation, (
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Example 19.1 To set the price of a product, one strategy is competition-oriented in which you fix the price of your product at the average level charged by other producers. Suppose you want to market a 200-gram bar or soap that you produce. The current wholesale prices charged by a random sample of 10 soap producers (in birr) are:

1.00    1.35   1.50    0.95    0.90    1.25   1.00     1.20     0.90 and 1.50

What is an estimate of the mean wholesale price charged by all soap producers? Find an estimate of the standard deviation in the wholesale prices of all the producers?

Solution: - The mean wholesale price or the population mean (() is estimated by the sample mean
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 = (1.00 + 1.35 + ---- + 1.50) / 10  = 1.155

Thus, an estimate of the mean wholesale price charged by all soap producers is 1.155 Birr. Based on this information, you might set the wholesale price per unit of your product at 1.155 Birr.

The standard deviation in the wholesale prices of all producers, what we call the population standard deviation (() and is estimated by the sample standard deviation.
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                                = 0.237

Thus, the wholesale prices fluctuate below and above their mean by about 0.237 Birr, which is an estimate of the standard deviation in the wholesale prices of all producers.

Example 19.2: - suppose you are interested to know the proportion of fishes that are inedible as a result of chemical pollution of a certain lake. In a random sample of 400 fishes caught from this lake, 55 were found out to be inedible. Out of all fishes in this lake, what is an estimate of the proportion of inedible fishes?

Solution: -

The proportion of inedible fishes in the entire lake is what we call population proportion ( ( ). Thus is estimated by the sample proportion:

               P = 
[image: image72.wmf]400
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 = 0.1375 = 13.75 percent.

Although point estimates are often useful, they do have one serious drawback: we do not know how close or far these values are from the population value they are supposed to estimate, and hence, we can not be certain of their reliability. In other words, a point estimate will be more useful if it is accompanied by an estimate of the error that might be involved. To this end, we use interval estimation.

19.2.2 Interval Estimation

Interval estimation is a statistical procedure in which we find a random interval with a specified probability of containing the parameter being estimated. An interval estimate is an interval that provides an upper bound and a lower bound for a specific population parameter whose value is unknown. This interval estimate has an associated degree of confidence of containing the population parameter. Such interval estimates are also called Confidence intervals and are calculated from random samples.

The interval estimate is an interval that includes the point estimate. For example, if the sample mean is say 0.28, one may report that the population mean is in the range of 0.25 and 0.31 with a probability of 0.95. i.e. the 95 percent confidence interval of the population mean is (0.25, 0.31). Clearly this interval contains the point estimated 0.28.

19.3 confidence interval for the population MEAN (()

Case I. Sampling from a normally distributed population with known variance (
Recall that Z( denotes the value of Z for which the area under standard normal curve to its right is equal to (. Analogously, Z( / 2 denotes value of Z for which the area to its right (/2 and, Z(/2 denotes the value for which the area to its left is ( / 2.

Consider the following figure

From the above figure we have:

    P (- Z(/2 < Z < Z(/2) = 1 - (
But we know that Z = 
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   P 
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Thus, a (1 - () 100% confidence interval for the population mean ( is given by:
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Where
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 is the sample mean,
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 is the value of Z for which the area to its right is
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. Common confidence intervals are the 95 percent and the 99 percent confidence intervals. The 95 percent confidence interval means that about 95 percent of the similarly constructed intervals will contain the parameter being estimated. If we use the 99 percent level of confidence, then we expect about 99 percent of the intervals to contain the parameter being estimated.

Another interpretation of the 95 percent confidence interval is that 95 percent of the sample means for a specified sample size will be within 1.96 standard deviations of the hypothesized population mean. Similarly, for a 99 percent confidence interval, 99 percent of the sample means will lie within 2.58 standard deviations of the hypothesized population mean.

If ( = 0.05, then the (1 -() 100 percent confidence interval, which is the (1 – 0.05) 100 = 95 percent confidence interval and if ( = 0.01, then the (1 -() 100 percent confidence interval will be the (1 – 0.01) 100 % which is the 99 % confidence interval. Where ( is called the confidence coefficient.

        If      ( = 0.05, then  Z(/2= Z0.025 = 1.96 and  

        If      ( = 0.01, then  Z(/2= Z0.005 = 2.58

* The total area under the normal curve is 1. or one can report as,

95 % of the area under the standard normal curve is between Z value  - 1.96 and 1.96 and similarly 99 % of the area under the standard normal curve is between Z value – 2.58 and 2.58.

Thus, the 95 percent confidence interval of the mean for known standard deviation ( is given by, 
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 and the 99 % confidence interval is given by 
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If the population standard deviation is not known, then we approximate the population standard deviation by the sample standard deviation S given by:

          S = 
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Then the 95 % confidence interval is given by 
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And the 99 % confidence interval is given by
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 - Sample mean,                   S – sample standard deviation

          2.58 is Z(/2                             
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 - the root of the sample size.

Example 19.3 In a certain small city, to estimate the mean monthly expenditure for food, a random sample of 25 households was randomly selected yielding a mean of 200 birr. From experience, it is known that such expenditures are normally distributed with a standard deviation of 50 Birr.

a) What is the point estimate of the mean monthly expenditures for food of all households in the city?

b) Find a 95 percent confidence interval for the mean monthly expenditures for food of all households in the city.

Solution: - 

a) Given 
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=  200 Birr

       (  = 50 Birr

         n = 25

A point estimate of the population mean ( is the sample mean 
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     Thus, 
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=
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 = 200 Birr.

b) For 95 % confidence interval, let us find confidence coefficient (.

                (1 - () 100 % = 95 %  ( 1 - ( = 
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 Then        Z(/2 = Z0.05/2 = Z0.025 = 1.96 (from the table of standard normal)

Thus, a 95 % confidence interval for the mean is
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          = 200 ( 19.6

          = (180.40 Birr, 219.60 Birr)

i.e. we are 95 percent confident that the true mean monthly expenditure for food (() is between 180.40 Birr and 219.60 Birr.

Example 19.4 

A manufacturer claims that his tyre lasts 20,000 miles on average. A consumer organization tests a random sample of 64 tyres and reported an average of 19,200 miles with a standard deviation of 2,000 miles. Does a 99 % confidence interval for the mean life of all tyres produced by the manufacturer supports the claim?

Solution: -

Given: n = 64, 
[image: image96.wmf]X

= 19,200 miles, S = 2000 miles. Though we have no information about the normality of the population by central limit theorem, for large n, say n ( 30. We assume that the distribution is normal. In our case as n = 64 ( 30 then we consider the normality.

Then for 99 % confidence interval, ( = 0.01 and (/2 = 0.005

And from the table of standard normal, 

Z(/2 = Z0.005 = 2.58

Thus, A 99 % confidence interval for the mean (() will be:
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         = 19,200 ( (2.58) (2000 / 
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         = 19,200 ( 645

         = (18,555 miles, 19,845 miles)

Hence, we are 99 percent confident that the true mean mileage is at most 19,845. Which is less than the claimed mean 20,000 miles. Therefore, the claim is not true.

Self-review 19.1

The wildlife department has been feeding a special food to rainbow trout finger lings in a pond. A sample of the weight of 40 trout revealed that the mean weight is 402.7 grams and the standard deviation 8.8 grams.

1. What is the estimated mean weight of the population? 

     What is that estimate called?

2. What is the 99 percent confidence interval?

3. What are the 99 percent confidence limits?

4. What degree of confidence is being used?

      5. Interpret your findings?

Case II. Small sample confidence interval for the population mean: Sampling from a 

normally distributed population with (2  unknown and n < 30.

If the population variance(2 is not known, then it must be estimated by the sample variance S2 as, 
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Under this situation, since (2 is estimated by S2, the sampling distribution of the mean deviates from the Normal distribution for small size, or we say the sampling distribution of 
[image: image100.wmf]X

 follows the students t distribution with n – 1 degrees of freedom.

For n > 30, the student t distribution can be approximated by the Normal distribution.

Like the Normal distribution, the t-distribution is symmetrical about the mean = 0. But it is flatter as compared to the Normal distribution. However, as the sample size increases the t-distribution losses its flatness and becomes approximately Normal.

The shape of the t-distribution is determined by the degrees of freedom. Degrees of freedom can be defined as the number of values we can choose freely. Suppose we are dealing with a sample of size n = 6, and we know the mean of these 6 numbers is 5. Symbolically, we have:
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Now, we are free to assign any value to a, b, c, d and e,

Say a = 3, b = 2, c = 4, d = 5 and e = 3. But, we are no more free to assign a value to f since:
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That is, in order for the mean of these 6 numbers to be 5, f must be 13. If we assign another number for f, then the mean will not be equal to 5. Thus, we are free to choose only 5 values and the 6th one is determined automatically. 

Hence, the degrees of freedom is:

              n – 1 = 6 – 1 = 5

Generally, for a sample of size n, the degree of freedom is n – 1. The values of t for different degrees of freedom and different values of X are tabulated. t( (n – 1) denotes the value of t for which the area under the curve to its right is equal to ( with (n – 1) degrees of freedom. 

Example 19.5 a) for n = 20 and ( = 0.025, find 

                  t( (n –1)

               Solution:

From the t-distribution table, t0.025 (19) = 2.093 (shaded area = 0.025)

                 b) If n = 26,         ( = 0.005

                     then t((n – 1) = t0.005 (25) = 2.787

                       (from the table of t-distribution)

Under such situations, a (1 - () 100 %. Confidence interval for the population mean ( is given by:
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Example 19.6 

One measure of a company’s financial health is its debt-to equity ratio. This quantity is defined to be the ration of the company’s corporate debt to the company’s equity. If this ratio is too high, it is one indication of financial instability. For obvious reasons, banks often monitor the financial health of companies to which they have extended commercial loans. Suppose that, in order to reduce risk, a large bank has decided to initiate a policy limiting the mean debt-to- equity ratio for its portfolio of commercial loans to 1.5. In order to estimate the mean debt-to-equity ratio of its loan portfolio, the bank randomly select a sample of 15 of its commercial loan accounts. Audits of these companies result in the following debt-to-equity ratios:

           1.31          1.05         1.45         1.21        1.19

           1.78          1.37         1.41         1.22        1.11

           1.48          1.33         1.29         1.32        1.65

A stem-and-leaf display of these ratios is reasonably mound shaped. Furthermore, the sample mean and standard deviation of these ratios can be calculated to be
[image: image104.wmf]X

 = 1.343 and S = 0.192

Suppose that the bank wishes to calculate a 95% confidence interval for a loan portfolio’s mean debt-to-equity ratio, (. Since the bank has taken a small sample of size 15, it is appropriate to calculate an interval based on the t distribution. We have n – 1 = 15 – 1 = 14 degrees of freedom, and the level of confidence 100 (1 - () percent = 95 percent implies that ( = 0.05. Therefore, we use the t point t (/2 = t0.05 / 2 = t 0.025 = 2.145 (from, the table). It follows that the 95 percent confidence interval for ( is 
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                                              = ( 1.343 ( 0.106(
                                             = ( 1.237, 1.449(
This interval says that the bank is 95 percent confident that the mean debt-to-equity ratio for its portfolio of commercial loan accounts is between 1.237 and 1449. Based on this interval, the bank has strong evidence that the portfolio’s mean ratio is less than 1.5 (or that the bank is in compliance with its new policy).

19.4    determining the sample size in estimation

Whenever we take a sample for inferential purposes, there is always a sampling error. This sampling error is controlled by selecting a sample that is adequate in size. If the sample size is small, then we may fail to achieve the objective of our analysis, and if it is too large, then we waste the resources when we gather the sample.

1. When we estimate the population mean ( by the sample mean 
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, with probability (1 - () the maximum error E will be:

           E = Z( / 2  ( / 
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  if ( is known

           E = Z( / 2   S / 
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  if ( is not known

2. With probability (1 -(), the sampling error will not exceed some prescribed quantity E if the sample size is at least:

          n = 
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 If n comes out fractional, round up to the next integer.

Example 19.7 

The owner of a chain of hotels wants to determine the mean number of rooms occupied per day (so that he can have an estimate of the average daily revenue obtained by renting rooms). From past records, the standard deviation of the daily occupancy is known to be 9 rooms.

a) How large a sample of days should be taken so that the true mean number of rooms occupied per day will not differ from the sample mean by more than 3 rooms at the 95 percent confidence level?

b) At the 99 percent confidence level, what is the maximum error committed in estimating the true mean by the sample mean if a random sample of 64 days is taken?

Solution: -

     Given  ( = 9 rooms

a) E = 3 rooms, (1 - () 100 % = 95 % ( ( = 0.05

             ( Z( / 2 = Z 0.025 = 1.96

            ( n = 
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Therefore, a sample of size at least 35 days is required.

b) n = 64, (1 - () 100% = 99%  (  ( = 0.01

      ( Z( / 2 = Z0.005 = 2.58

      E = Z( / 2  ( /
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 = (2.58) 
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Therefore, if we use a random sample of 64 days, then we are 99% certain that the error in estimation will not exceed 2.9 rooms. I.e. the difference between the average daily occupancy computed from the sample and the true average daily occupancy will not exceed 2.9 rooms.

19.5   summary

Statistical inference is concerned with inferring something about a population parameter based on a sample statistic. One fact of statistical inference is estimation. We may want to estimate a particular population parameter. For example, if, based on a sample, we estimate house painters (the population) is $ 35,500, that estimate is called a point estimate. If we state that the population means is probably in the interval between $ 35,200 and $ 35,400, that estimate is called an interval estimate. The two end points ($ 35,200 and $ 35,400) are called the confidence limits for the population mean.

19.6 ANSWERS to self-review problems

     Self-Review 19.1

            Answer:

1) Estimated mean = 402.7 grams

            It is a point estimate

2) The interval is between 399.11 and 406.29 grams, found by:
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3) 399.11 and 406.29 are the two limits

4) .99 or 99%.

5) If we were to construct 100 similar intervals, about 99 should include the population mean. Or we are 99 % confident that the population mean is located in the interval.

19.7     model examination questions

      Part I. Indicate whether the statement is true or false.

              If the statement is false, correct it.

1. A value used to estimate a population parameter is called a sample statistic______________.

2. An interval estimate always contains the population parameter___________.

3. If the sample size for estimating a population mean is increased, the width of the confidence interval will decrease___________________.

Part II. Work out

4. An experiment involves selecting a random sample of 256 middle mangers for study. One item of interest is annual income. The sample mean is computed to be $ 45,420 and the sample standard deviation is $ 2,050.

a) What is the estimated mean income of all middle managers (the population)? That is, what is the point estimate?

b) What is the 95 percent confidence interval rounded to the nearest $ 10?

c) What are the 95 percent confidence limits?

5. A population is estimated to have a standard deviation of 10. We want to estimate the population mean with in 2, (i.e. E = 2) and with a 95 percent level of confidence. How large a sample is required?

19.8 GLOSSARY

Interval estimate – The interval, within which a population parameter probably lies, 

                                  based on sample information.

Point estimate – A single number computed from a sample and used to estimate a 

                           population parameter.

Sampling error – The difference between a sample statistic and its corresponding 

                             population parameter.

Confidence interval – an interval estimate which is associated with degree of confidence 

                                   of containing the population parameter is called Confidence 

                                   Interval.
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20.0 aims and objectives

At the end of this unit, the learner would be able to: -

· define what is meant by a hypothesis and hypothesis testing

· describe the five-steps hypothesis-testing procedure

· distinguish between a one-tailed and two-tailed test of hypothesis

· conduct a test of hypothesis about a population mean

· conduct tests of independence 

20.1 introduction

In previous unit, we dealt with one aspect of Statistical inference-Estimation. In this unit, we study another aspect of statistical inference, namely, hypothesis testing. Some types of questions to be dealt with are:

1) Is the mean daily profit of a supermarket Birr 1000. or (= 1000 Birr?

2) Is the mean time to complete a certain assembly job less than 2 hrs or ( < 2 hrs?

In this unit, we will first examine what is meant by a hypothesis testing. Then we will outline the steps followed to test a hypothesis. We will conduct tests with respect to one population mean.

What is Hypothesis?

Hypothesis is a statement about the value of a population parameter developed for the purpose of testing or hypothesis is an assertion or tentative

There are two types of hypothesis:

1) The Null hypothesis: - is an assertion that a population parameter assumes a fixed value. It always includes the equality sing, and is denoted by Ho. The null hypothesis is often established in such a way that it states ‘nothing is different’ from what it is supposed to be, is claimed to be, or has been in the past.

2) The alternative hypothesis: - describes what you will conclude if you reject the null hypothesis. It is a statement that is accepted if the sample data provide evidence that the null hypothesis is false. It is written as H1 and is read “H sub-one”. It is also referred to as the research hypothesis. The alternative hypothesis is accepted if the sample data provide us with statistically significant evidence that the null hypothesis is false.

Example 20.1 

A soft drink bottling company’s advertisement states that a bottle of its product contains 330 milliliters (ml). But customers are complaining that the company is under filling its products. To check whether the complaint is true or not, an inspector may test the following hypothesis:

          HO: The average content of a bottle of this product equals 330 ml,

                  against

         H1: The average content of a bottle of this product is less than 330 ml.

               Or symbolically,

               HO:  ( = 330 ml

               H1 : ( < 330 ml

If the inspector takes a random sample of bottles of this product and finds that the mean content per bottle is much less than 330 ml, then he may conclude that the complaint of the customers is correct.

Hypothesis testing: - is a procedure based on sample evidence and probability theory used to determine whether the hypothesis is reasonable statement and should not be rejected, or is unreasonable and should be rejected. Or hypothesis testing is a procedure for checking the validity of a statistical hypothesis. It is the process by which we decide whether the null hypothesis should be rejected or not. The value, computed from sample information, used to determine whether or not to reject the null hypothesis is called test statistic.
20.2 types of errors

In hypothesis testing, there are two possible kinds of errors called type I error and type II error.

1. Type I error: - is the error committed in rejecting the null hypothesis while it is actually true. The probability of type I error is denoted by ( and is called the level of significance. i.e., the level of significance is the probability of rejecting the null hypothesis when it is actually true. The level of significance is also referred to as the level of risk. This may be a more appropriate term because it is the risk you take of rejecting the null hypothesis when it is really true. There is no unique level of significance, it depends up on the choice of the researcher. The researcher must decide on the level of significance before formulating a decision rule and collecting sample data. There are two commonly used levels of significances. The .05 and .01.

2. Type II error: - is the error that is committed in accepting the null hypothesis when it is actually false. The probability of type II error is designated by a Greek letter beta (().

The researcher cannot study every item or individual in the population. Thus, there is a possibility of two types of error – a type I error, wherein the null hypothesis is rejected when it should have been accepted, and a Type II error, wherein the null hypothesis is accepted when it should have been rejected.

We often refer to these two possible errors as the alpha error, (, and the beta error, (, Alpha (() is the probability of making a Type I error, and beta (() is the probability of making a type II error.

The following table summarized the decisions the researcher could make and the possible consequences.

                                                                     Researcher

	
	Accepts

H O
	Rejects 

H O

	If H O is true and 
	Correct

decision
	Type I error

	If H O is false and 
	Type II

error
	Correct 

decision


20.3     Acceptance and rejection (CRITICAL) regions

As mentioned earlier, in order to determine whether HO is accepted or not, one computes a test statistic from the sample data. Our decision is then based on where this figure (the test statistic) falls.

Depending on the sampling distribution of the statistic under consideration, one can identify the acceptance region and the rejection region. If the test statistic falls in the acceptance region, then HO is accepted and if the test statistic falls in the rejection region also called (the critical region), then we reject HO and accept H1. The value that is a borderline between acceptance and rejection is called the critical value. The critical value is obtained from appropriate statistical table such as standard normal distribution table, the student t distribution table and others. 

Some of these tables are indicated in the appendix.

The following three charts indicate the acceptance and rejection regions for a test of significance that will be conducted later in the unit.

Chart 1. Sampling Distribution for statistic Z for a one-Tailed Test, .05 level of  

              Significance.

Note in the chart that:

1. The area where the null hypothesis is not rejected includes the area to the left of 1.645. Where the value 1.645 is Z.05 read from the table of standard normal distribution.

2. The area of rejection is to the right of 1.645 

3. A one-tailed test (right) is being applied (this will be explained soon in the unit)

4. The .05 level of significance is chosen.

5. The sampling distribution of the statistic Z is normally distributed.

6. The value 1.645 separates the regions where the null hypothesis is rejected and where it is not rejected.

7. The vale 1.645 is called the critical value. 

Chart 2. Sampling Distribution for the statistic Z, one-tailed (Left) test, .05 level of 

              Significance.

Chart 3. Regions of non-rejection and Rejection for a Two-Tailed Test, Z-statistics, .05 

              level of significance.

One can construct a similar acceptance and rejection region while using the t-statistics.

20.4     types of tests

Based on the form of the null and alternative hypothesis, there are two types of tests: a one-sided test and a two-sided test.

a) A one-sided test: a test is said to be one sided (one tailed) when the alternative hypothesis, H1, states a direction, such as:

            HO ; The mean income of females is less-than or equal to the mean income of                     males.

            H1 : The mean income of males is greater than the mean income of females.

There are two kinds of one-sided test 

i) A left-tailed test. This is a type of test in which the less than sign is involved in the alternative hypothesis. It has one rejection region at the left tail of the appropriate distribution.

Example 20.2 

Suppose (O is the hypothesized (assumed) mean.

A left-tailed test for ( O is 

          HO : ( ( (O
          H1 : ( < (O

Chart 2 indicates the acceptance and rejection region of left-tailed test using the Z-distribution.

ii) A right-tailed test: - This is a type of test in which the greater than sign is involved in the alternative hypothesis.  It has one rejection region at the right tail of the appropriate distribution.

Example 20.3 

Suppose ( O is the assumed mean. A right-tailed test for ( O is

           HO : ( ( (O
           H1 : ( > ( O

Chart 1 can be taken as the acceptance and rejection region of right-tailed test while using the Z-distribution.

20.5    hypothesis testing procedure

There is a five-step procedure that systematizes hypothesis testing; when we get to step 5, we are ready to make a decision to reject or not reject the hypothesis. However, hypothesis testing as used by statisticians does not provide proof that something is true, in the manner in which a mathematician ‘proves’ a statement. It does provide a kind of “proof beyond a reasonable doubt,” in the manner of the court system. Hence, there are specific rules of evidence, or procedures, that are followed.

The steps are shown in the following diagram



20.6      hypothesis testing of the population mean

Mean of the population can be tested presuming different situations such as the population may be normal or other than normal, it may be finite or infinite, sample size may be large or small, variance of the population may be known or unknown and the alternative hypothesis many be two-sided or one-sided. Our testing technique will differ in different situations. We may consider some of the important situations.

Case I. Population normal and infinite large sample and population standard deviation is known. The alternative hypothesis may be one-sided or two-sided.

In such a situation, Z-test (Z statistics) is used for testing hypothesis of the mean and the test statistic Z is worked out as under:
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Where Z is the standard normal distribution
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 is the sample mean
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 is the hypothesized mean

           (  is the population standard deviation

           n  is the sample size.

Example 20.4 

Abdi Restaurant near the railway station at Dire Dawa has been having average sales of 500 teacups per day. Because of the development of bus stand nearby, he expects to increase its sales. For the first 50 days after the start of the bus stand, he recorded an average daily sale of 550 teacups per day. From the past records, it is known that the sales standard deviation is 50.

On the bases of this sample information, can one conclude that Abdi’s Restaurant sales have increased? Use 5 percent level of significance

Solution: -

Taking the null hypothesis that sales average 500 teacups per day and they have not increased unless proved, we can write:

                 HO : ( = 500 cups per day

                 H1 : ( > 500 (as we want to conclude that sales have increased)

As the sample size is 50 > 30 (n > 30), and the population standard deviation ( = 50 is known, we shall use Z-test assuming normal population and shall work out the test statistic Z as:
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As H1 is one-sided, we shall determine the rejection region applying one-tailed test (in the right tail because H1 is of more than type) at 5 percent level of significance and it comes to as under, using table of Z-distribution, Z0.05 = 1.96

The rejection region is Z > 1.96, and as the observed (calculated) test statistic is 7.03 which is greater than 1.96, i.e. which is not in the rejection region, thus, there is an evidence to reject HO. I.e. HO is rejected and we can conclude that the sample data indicate that Abdi’s restaurant sales have shown a considerable increase.

Example 20.5

The mean of a certain production process is known to be 50 with a standard deviation of 3. The production manager may welcome any change is mean value towards higher side but would like to safeguard against decreasing values of mean.

He takes a sample of 36 items that gives a mean value of 48.5. What inference should the manager take for the production process on the basis of sample results? Use 1 percent level of significance for the purpose.

Solution: -

Taking the mean value of the population to be 50, we may write:

       HO: (O = 50

       H1 : ( < 50 (since the manager wants to safeguard against decreasing values of   

                           mean)

And the given information as 
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= 48.5, ( = 3, 

n = 36, assuming the population to be normal, we can work out the test statistic Z as under:
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As H1 is one-sided in the given question, we shall determine the rejection region applying one-tailed test (in the left tail as H1 is of less than type) at 1 percent level of significance and it comes to as under, using normal curve area table:

Rejection region is Z < Z (  ( R: Z < -Z 0.01
( R: Z < -2.33

The observed value of Z which we call Z calculated is –3 which is < - 2.33 i.e. it is in the rejection region, and thus, HO is rejected at 1 percent level of significance. We can conclude that the production process is showing mean which is significantly less than the population mean and this calls for some corrective action concerning the said process.

Example 20.6

 A sample of 400 male students is found to have a mean height of 67.47 inches. Can it be reasonably regarded as a sample from a large population with mean height 67.39 inches and standard deviation 1.30 inches? Test at 5% level of significance.

Solution: -

Taking the null hypothesis that the mean height of the population is equal to 67.39 inches, we can write:

             HO : (O = 67.39”

             H1 : ( ( 67.39”

And the given information as 
[image: image121.wmf]X

= 67.47”( = 1.30” n = 400. Assuming the population to be normal, we can work out the test statistic Z as under:
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As H1 is two-sided in the given question, we shall be applying a two-tailed test. In the two-tailed test, the rejection region at 5% level is 

           R: (Z( > 1.96

As the observed value of Z is 1.231 which is less than 1.96, 1.231, is in the acceptance region for the rejection region is R: (Z( > 1.96. Therefore, Ho is accepted. i.e. we may conclude that the given sample (with mean height = 67.47”) can be regarded to have been taken from a population with mean height 67.39” and standard deviation 1.30” at 5% level of significance.

* In case if the population is finite but population standard deviation is known, one can use a test-statistic
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     Where 
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is what we call the finite population correction

and the procedure of testing is the same as in the above three examples.

Case II. Testing for the population mean; large sample, population standard deviation is unknown

In such a case, the population standard deviation ( will be approximated by the sample standard deviation S provided the sample size is considerably greater than 30. And the test statistic will be:
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And the testing procedure will be the same as in case I for different level of significance and different types of tests (one-tailed or two-tailed) as mentioned in the three examples in case I.

Example 20.7 

The Thompson’s discount store chain issues its own credit card. The credit manager wants to find out if the mean monthly-unpaid balance is more than $ 400. The level of significance is set at .05. A random check of 172 unpaid balances revealed the sample mean to be $407 and the standard deviation of the sample to be $ 38. Should the credit manager conclude that the population mean is greater than $ 400, or is it reasonable to assume that the difference of $ 7, ($ 407 - $ 400) is due to chance?

Solution: -

The null and alternative hypothesis are stated as:

          HO : ( ( $ 400

         H1 : ( > $ 400

Because the alternative hypothesis states a direction, a one-tailed test is applied. The critical value of Z, Z(  =  Z0.05  =  1.645. The computed value of Z, using the statistic

       Z = 
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As the computed value of the test statistic (2.42) is larger than the critical value (1.645) or as 2.42 is in the rejection region R: Z > 1.645, the null hypothesis is rejected and the credit manager can conclude that the mean unpaid balance is greater than $ 400.

Self Review 9.1

A sample of 36 observations is selected from a normal population. The sample mean is 21, and the sample standard deviation is 5. Conduct the following test of hypothesis using the  .05 level of significance. HO : ( ( 20

                                               H1 : ( > 20

a) Is this a one-tailed or a two-tailed test?

b) State the decision rule?

c) Computed the value of the test statistic

d) What is your decision regarding HO?

Case III. Population Normal, Small sample and Standard deviation of the population is Unknown

1) If the population is infinite, we use the test statistic
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  Which follows a student t-distribution with (n – 1) degree of freedom.

And S is the sample standard deviation given by the formula,

                  S = 
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2) If the population is finite, using the finite population correction, the test statistic used is modified as:

                 t = 
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  with (n – 1) df.

While testing, the value of the test statistic calculated from the sample result will be compared with the tabulated value of the t-distribution at the given level of significance.

Example 20.8 

The specimen of copper wires drawn from a large lot have the following breaking strength (in kg. Weight): 578, 572, 570, 568, 572, 578, 570, 572, 596, 544.

Test whether the mean breaking strength of the lot may be taken to be 578 kg. Weight at 5% level of significance.

Solution: -

Taking the null hypothesis that the population mean is equal to hypothesized mean of 578 kg., we can write:

         HO : ( = (O = 578 kg.

         H1 : ( ( 578 kg.

As the sample size is small (n = 10) and the population standard deviation is not known, we shall use t-test assuming normal population and shall work out the test statistic t as under:

           t = 
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Calculating the sample mean, and sample standard deviation, one can obtain
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= 572 kg.    And S = 12.72 kg.

Hence          t = 
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Degree of freedom = (n – 1) = (10 – 1) = 9.

As H1 is two-sided, we shall determine the rejection regions applying two-tailed test at 5% level of significance, and it comes to as under, using table of t-distribution for 9.d.f.

             R: ( t ( > 2.262                           t > t( / 2 or t < -t( / 2
                                                              or ( t ( > t( / 2

( acceptance region – 2.262 < t < 2.262

As the observed value of t (i.e. –1.488) is in the acceptance region, we accept HO at 5% level and conclude that the mean breaking strength of copper wires lot may be taken as 578 kg. Weight 

* For two-tailed test in t-distribution, if the level is (, the area to the right tail and the area to the left tail must add up to (. Thus we consider them each ( / 2

Self- Review 20.2

A corkill machine is set to fill a small bottle with 9.0 gms of medicine. It is claimed that the  mean weight is less than 9 grams. The hypothesis is to be tested at the .01 level.  

A sample revealed these weights (in gms): 9.2, 8.7, 8.9, 8.6 8.8, 8.5, 8.7, and 9.0.

a) State the null and alternative hypotheses

b) How many degrees of freedom are there?

c) Give the decision rule

d) Compute the test statistic and arrive at a decision.

20.7    test of association of attributes (test of independence)

In real life situations, sometimes our interest may be to determine whether two classifications or variables are dependent or independent. For instance, we may be interested to know whether qualification of employees and their salary are dependent or not, or to know whether advertising expense and sales of a company are dependent or not. In such cases, we apply tests of independence.

Suppose we have two classification: classification 1 consisting of r categories and classification 2 consisting of s categories. Take a random sample and classify each item in to one of the rxs categories, called cells. 

Example 20.9 

Suppose we are interested to check whether qualification and salary of employees are dependent or not. Then we may classify qualification in to three categories (r = 3) as: 12 complete, Diploma holder, and First Degree or higher.

We may also classify salary in to three categories (s = 3) as: Less than 200 Birr, 200 up to 499 Birr and 500 Birr or more. Then we randomly select employees and classify them into one of the rxs = 3 x 3 = 9 categories (cells). Suppose a random sample of 80 employees is taken and the following result is obtained.

	Salary
	                  Qualification
	

	
	12 complete
	Diploma holder
	1st degree or higher
	Row total

	< 200 Birr

200 – 499 Birr

500 Birr or more
	10

16

  6
	  2

20

  2
	  0

  2

22
	12

38

30

	Column Total 
	32
	24
	24
	80


Notation:         Ors = observed frequency of rth row and sth column.

                        Ers = expected frequency of rth row and sth column.

Ers is computed as:

             Ers = 
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Consider the above example:

O11 = 10 and E11 = 
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O12 = 2 and E12 = 
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O13 = 0 and E13 = 
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O33 = 22 and E33 = 
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In tests of independence, the null and alternative hypotheses are of the form:

       HO : The two classifications are independent

       H1 : The two classifications are dependent.

The null hypothesis can also be written as “ There is no association between the two classifications”.

The test statistics used to test the hypothesis of independence is called a Chi-Square test.

A chi-square distribution denoted by ( 2 is a continuous probability distribution. Unlike the normal distribution the chi-square distribution is asymmetric (not symmetric). It is positively skewed (right) distribution. It cannot assume a negative value. The (2 values for a given level of significance (() and the number of degrees of freedom (d.f.) can be read from the ( 2 distribution table.

Notation: ( 2 denotes the value of ( 2 for which the area to its right is ( with a given degree of freedom.

This is displayed below

For example, to find 
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 (28), look up at the value of ( = 0.05and under this value of (, look for the number of degrees of freedom (d.f.), which is equal to 28 in the chi-square distribution table. From the chi-square table, this value is 41.337. Similarly 
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To test for independence, the critical value is:

            (2( (r – 1) (s – 1)

i.e. d.f. = (r – 1) (s – 1) where r is the number of rows and s is the number of columns. To accept or reject the null hypothesis, compare (2cal with this critical value (2( cal (r – 1) (s – 1) (the tabulated value)

The test criterion is to reject HO if:

          (2cal > (2( ((r - 1( (s - 1((
Example 20.10 

Look at the previous example about qualification and salary.

Test if there is a relationship between qualification and salary at the 5 percent level of significance.

Solution: - 

                HO : Qualification and salary are independent 

                H1 : Qualification and salary are dependent

                 ( = 0.05

Computing for the expected frequencies, we have the following table.

	Salary
	Qualification
	

	
	12 complete
	Diploma holder
	1st degree or higher
	Column total

	< 200 Birr
	10         (4.8)
	  2           (3.6)
	  0      (3.6)
	12

	200 – 499 Birr
	16         (15.2)
	20         (11.4)
	  2    (11.4)
	38

	500 Birr or more
	  6           (12)
	  2              (9)
	22         (9)
	30

	Row total
	32
	24
	24
	80


The values in bracket are the expected frequencies

The test statistic is:

            (2cal  =  
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                                                                       Ers – Expected freq.

                     = 
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                     = 51.44

          ( = 0.05 and d.f. = (r – 1) (s – 1) = (3 – 1) (3 – 1) = 2 x 2 = 4

The critical value is:

                   (2( ((r - 1( (s - 1(( = 
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   (4)   = 9.488 (from the Chi-square table)

As (2cal > (2( (r – 1) (s – 1) tabulated i.e.

          51.44 > 9.488, thus HO is rejected and accept H1 
i.e. Salary of employees and their qualification are dependent i.e.; they are associated.

Self-Reviews 9.3

An electronic company wants to check if advertisement has a significant effect on the number of TV sets that are sold within six months of production. A random sample of 600 TV sets reveals the following results.

	
	Number of TV sets sold

Within 6 months
	Number of TV sets not sold within 6 months

	Before advertisement
	150
	150

	After advertisement 
	165
	135


Is the effect of advertisement significant? Uses ( = 0.05

20.8 summary

 A hypothesis is a statement about a population parameter or parameters. Using a systematic procedure called hypothesis testing, we decide whether or not to reject this hypothesis. First we state the null hypothesis and the alternative hypothesis, select a level of significance and the appropriate test statistic, formulating a decision rule, taking a sample, and (based on the sample results) deciding whether or not to reject the null hypothesis. In this chapter, we have seen tests of hypothesis about population mean. We have also discussed tests of hypothesis about dependence of variables.

20.9 answers to self-review problems

Answer to self-review 20.1

a) One-tailed

b) Reject HO and accept H1 where Z > 1.645

c) 1.2 found by:

          Z = 
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d) Fail to reject HO at the .05 significance level.

Answer to self-review 20.2

a) HO : ( ( 9.0, H1: ( < 9.0

b) 7, found by n – 1 = 8 – 1 = 7

c) Do not reject the null hypothesis if the computed value of t falls to the right 

      of -2.998. Otherwise reject HO and accept H1.

d) t = 
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Since –2.494 lies to the right of –2.998, HO is not rejected. We have not shown that the mean is less than 9.0.

Answer to self-review 20.3

           HO: Advertisement and sales are independent

           H1 : Advertisement and sales are dependent.

           ( = 0.05

Calculating the expected frequencies using the formula

          Ers = 
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And filling in the table, we obtain

	
	Number of TV sets sold
	Number of TV sets not sold
	Column total

	Before advertisement 
	150          (157.50)
	150          (142.5)
	300

	After advertisement
	165           (157.5)
	135         (142.5)
	300

	Row total
	315
	285
	600


Where the expected frequencies are displayed in brackets.

The test statistic is a Chi-square test.

              (2cal = 
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                      = 1.504

                  ( = 0.05

and df. = (r – 1) (s – 1) = (2- 1) (2 – 1) = 1

the critical value is:

        (2( ( r – 1) (s – 1) = 
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  (1) = 3.841 (from the Chi-square table)

Decision : Since (2cal = 1.504 < 3.841. We accept HO.

Conclusion: Advertisement and sales are independent i.e. for this data; advertisement has no significant effect on the number of TV sets that are sold within six months of production.

20.10     model examination questions  

Part I. Fill in the blank space.

 1. A statement about the value of a population parameter is called__________________.

2. The level of significance is equal to the probability of a type____________ error.

3. If a false hypothesis is accepted, this is a type __________ error.

4. A value calculated from the sample information and used to make a decision regarding 

    the null hypothesis is called____________________.

5. The value that separates the region where the null hypothesis is rejected from the area 

    where it is not rejected is called a__________________.

6. A machine is programmed to produce tennis balls so that the mean bounce is 36 inches 

    when the ball is dropped from a platform. The supervisor suspects that the mean 

    bounce has changed and is less than 36 inches. An experiment is to be conducted using 

    42 tennis balls. The 5 percent significant level is to be used to test the hypothesis. The 

    sample mean was computed to be 35.5 inches and the standard deviation of the sample 

    0.9 inches. Is the supervisor correct?

7. Customers often complain about long waiting times at restaurants before the food is 

    served. A restaurant claims that it serves food to its customers on the average with in 

    15 minutes after an order is placed. A random sample of 36 customers showed that the 

    mean time taken to serve food to them was 15.9 minutes with a standard deviation of 

    2.8 minutes. At the 1 percent significance level, do you think the restaurant’s claim is 

    true?

8. A management consultant thinks that job satisfaction affects the absentee rate of 

    employees. He took a sample of 200 employees of companies and collected 

    information on job satisfaction (on a seale of 1 to 10: 1 being the lowest and 10 the 

    highest) and the number of days they were absent for the last year. The results are 

    given in the following table.

	
	                    Job satisfaction index

	
	Less than 5
	5 or more

	Number of days             less than 15

absent last year             15 or more 
	20

70
	80

30


Are job satisfaction and absentee rate of employees related? Use the 5% level of significance.

20.11 GLOSSARY

Hypothesis: - A statement about the value of population parameter.

Hypothesis testing: - A procedure based on sample evidence and probability theory used 

                                    to determine whether the hypothesis stated is a reasonable

                                    statement and cannot be rejected or is unreasonable and should be 

                                     rejected.

Null hypothesis: - Is a pre assumed statement about the population, which may be 

                               accepted or rejected on the basis of a sampled data.

Alternative hypothesis: - Is a hypothesis which we are inclined to accept in the event the 

                                         null hypothesis is rejected on the basis of a prescribed test.

Level of significance: - The probability of rejecting the null hypothesis when it is  

                                         actually true or the probability of committing type I error.

Type I error: - Rejecting the null hypothesis, HO, when it is actually true.

Type II error: - Accepting the null hypothesis when it is actually false.

Test statistic: - A value, determined from sample information, used to determine whether 

                           or not to reject the null hypothesis

Critical value: - The dividing point between the region where the null hypothesis is 

                             rejected and the region where it is not rejected. 

One-tailed-test: - Is used when the rejection region is only in one tail or when the 

                            alternative hypothesis states a direction.

                            Ex. H1: ( > 40 or H1 : ( < 40

Two-tailed-test: - Used when the rejection region is in each tail (both tails) or used when   

                             the alternative hypothesis does not state a direction.

                             Ex. H1 : ( ( 40
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