Business Statistics II – QMS202                                Dr. Changping Wang


7.2. Normal Distribution 
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For a normal distribution, the probability density function (pdf) is given by
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where 
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 is the mean and 
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 is the standard deviation.
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The Standard Normal distribution Z~ N(0, 1) 

The probability density function (pdf) is given by
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Calculator Lesson 5 (Page 305-306): Normal Distribution

1) Ncd which stands for Normal cumulative distribution. 
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2) IncN which stands for Inverse Normal.
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Note:  To represent 
[image: image12.wmf]¥

-

, we can use any value <
[image: image13.wmf]s

m

6

-

;

           To represent 
[image: image14.wmf]¥

+

, we can use any value >
[image: image15.wmf]s

m

6

+

.
EXAMPLE 1:  For the standard normal distribution Z~N(0, 1), find z such that 
1) P(Z<z)=0.05

          We need to use INVN.

          Tail:     Left

          Area:  0.05
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    We obtain z= -1.645
2) P(Z>z)=0.05

          Tail:     Right
          Area:  0.05
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We obtain z= 1.645
3) P(-z< Z < z)=0.95

          Tail:     CNTR
          Area:  0.95
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We obtain z= 1.960
Chapter 10:  Confidence Interval Estimation
10.1:  Confidence Interval Estimation for the Mean 
          (
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 known)

Objectives: Construct and interpret confidence intervals for the population mean

Note: We need to assume that the population follows a normal distribution when the sample size n<30. 
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Margin of Error
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EXAMPLE 2  Market researchers use the number of sentences per advertisement as a measure of readability for magazine advertisements. The following represents a random sample of the number of sentences found in 50 advertisements. Find the margin of error for the mean number of sentences in all magazine advertisements using a 95% confidence level. Assume the population standard deviation is about 5. (Source: Journal of Advertising Research)
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Solution: For a 95% confidence level, the critical value 
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So, the margin of error is
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Construct Confidence Interval for the Mean
Step 1:  Find the sample mean 
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Step 2:  Specify
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, if known
Step 3: Find the critical value 
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 that corresponds to the given level of confidence. 
Step 4: Find the margin of error 
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Step 5: Find the left and right endpoints and form the confidence interval (
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EXAMPLE  3: Market researchers use the number of sentences per advertisement as a measure of readability for magazine advertisements. The following represents a random sample of the number of sentences found in 50 advertisements. Find a 95% confidence interval for the mean number of sentences in all magazine advertisements. Assume the population standard deviation is about 5. (Source: Journal of Advertising Research)

9     20  18  16   9    9   11  13   22   16    5   18   6    6    5   12  25 

17   23   7   10   9   10  10   5    11   18   18   9    9   17   13  11  7

14   6    11  12  11   6   12  14   11    9    18  12  12  17   11  20

Solution:  
Step 1: Find the sample mean
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 =12.4
Step 2:  Specify
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, if known
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Step 3: Find the critical value 
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 that corresponds to the given level of confidence. 
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Step 4: Find the margin of error 
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Step 5: Find the left and right endpoints and form the confidence interval: (
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                 (12.4-1.4, 12.4+1.4)

               =(11.0, 13.8)
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EXAMPLE 4
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EXAMPLE 5: If 
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 and n=64, construct a 95% confidence interval for the population mean 
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Solution. For a 95% confidence level, 
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So, a 95% confidence interval for the population mean 
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EXAMPLE 6: The data in the file Chicken represent the total fat, in grams per serving, for a sample of 20 chicken sandwiches from fast-food chains. The data are as follows:

7, 8, 4, 5, 16, 20, 20, 24, 19, 30, 23, 30, 25, 19, 29, 29, 30, 30, 40, 56
Suppose that the population standard deviation is 10 grams.
a) Construct a 95% confidence interval for the population mean total fat, in grams per serving.

b) Construct a 99% confidence interval for the population mean total fat, in grams per serving

c) Interpret the intervals constructed in (a) and (b)

d) What assumption must you make about the population in order to construct the confidence intervals in (a) and (b)?

Solution. We can use a calculator to find 
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Note that n=20.

a) For a 95% confidence level, 
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So, a 95% confidence interval for the population mean 
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b) For a 99% confidence level, 
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So, a 95% confidence interval for the population mean 
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c) If a large number of samples is collected, and a confidence interval is created for each sample, then about 95% (99%) of these intervals contain the true value of the population mean.

d) The population follows a normal distribution.

(P409): How to use Calculator to find a confidence interval?

Step 1:  Use STAT mode

Step 2: From the following menu:
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Use F4 (INTR) to get  the following menu
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For 1-sample ZInterval 
Step 3:  Use the F1 key to get the following menu
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Step 4:  Use the F1 key to get the following display

             Data:    Var (F2)   -- Select “Var” using the F2 key.
             C-Level:   0.95    -----confidence level 
             
[image: image81.wmf]s

         :
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         :
             n          :   

             Save   Res: None

 Press EXE or the F1 key to view the results
EXAMPLE  5 (Done by a calculator)
Follow the first three steps, after that (in Step 4)
Data:    Var (F2)   -- Select “Var” using the F2 key.
             C-Level:   0.95    
             
[image: image83.wmf]s

         :     8
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         :     85
             n          :    64
             Save   Res: None

Press “EXE” to get (rounded to two decimal places)

       Left=83.04       Right=86.96
EXAMPLE 6  (b) (Done by a calculator)
First, input those 20 values in a calculator, say List 1.
Follow the first three steps, after that (in Step 4)
Data:    List (F1)   -- Select “List” using the F1 key.
             C-Level:   0.99    
             
[image: image85.wmf]s

         :     10
             List       :     List 1
             Freq     :     1
             Save   Res: None

Press “EXE” to get (rounded to two decimal places)

       Left=17.44       Right=28.96
Example 7 A confidence interval estimate for the population mean is given to be (39.86, 47.87).  If the standard deviation is 16.219 and the sample size is 63, answer each of the following: 
 
(a)     Determine the sample mean
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.
          As the confidence interval is given by (
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So, 2
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=39.86+47.87=87.73

So, 
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=43.865.

(b)      Determine the maximum error of the estimate, E. 
BY (*), we get 

                              2E=47.87-39.86=8.01

So, E=4.005.

(c) Determine the confidence level used for the given confidence interval.
As 
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1.96.  So, the confidence level is 95%.
10.2:  Confidence Interval Estimation for the  

          Mean (
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 is unknown)
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EXAMPLE 1:  Find the critical value 
[image: image103.wmf]c

t

 for a 95% confidence when the sample size is 15.
Solution:  Note that df=n-1=15-1=14. Looking up the t-table (the 3rd column (0.025) and the 14th row), we find that 
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=2.145
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          Probability of exceeding the critical value

  [image: image106.png]


         0.10    0.05   0.025    0.01   0.005   0.001



  1.       3.078   6.314  12.706  31.821  63.657 318.313

  2.       1.886   2.920   4.303   6.965   9.925  22.327

  3.       1.638   2.353   3.182   4.541   5.841  10.215

  4.       1.533   2.132   2.776   3.747   4.604   7.173

  5.       1.476   2.015   2.571   3.365   4.032   5.893

  6.       1.440   1.943   2.447   3.143   3.707   5.208

  7.       1.415   1.895   2.365   2.998   3.499   4.782

  8.       1.397   1.860   2.306   2.896   3.355   4.499

  9.       1.383   1.833   2.262   2.821   3.250   4.296

 10.       1.372   1.812   2.228   2.764   3.169   4.143

 11.       1.363   1.796   2.201   2.718   3.106   4.024

 12.       1.356   1.782   2.179   2.681   3.055   3.929

 13.       1.350   1.771   2.160   2.650   3.012   3.852

 14.       1.345   1.761   2.145   2.624   2.977   3.787

 15.       1.341   1.753   2.131   2.602   2.947   3.733

 16.       1.337   1.746   2.120   2.583   2.921   3.686

 17.       1.333   1.740   2.110   2.567   2.898   3.646

 18.       1.330   1.734   2.101   2.552   2.878   3.610

 19.       1.328   1.729   2.093   2.539   2.861   3.579

 20.       1.325   1.725   2.086   2.528   2.845   3.552

 21.       1.323   1.721   2.080   2.518   2.831   3.527

 22.       1.321   1.717   2.074   2.508   2.819   3.505

 23.       1.319   1.714   2.069   2.500   2.807   3.485

 24.       1.318   1.711   2.064   2.492   2.797   3.467

 25.       1.316   1.708   2.060   2.485   2.787   3.450

 26.       1.315   1.706   2.056   2.479   2.779   3.435

 27.       1.314   1.703   2.052   2.473   2.771   3.421

 28.       1.313   1.701   2.048   2.467   2.763   3.408

 29.       1.311   1.699   2.045   2.462   2.756   3.396

 30.       1.310   1.697   2.042   2.457   2.750   3.385

 31.       1.309   1.696   2.040   2.453   2.744   3.375

 32.       1.309   1.694   2.037   2.449   2.738   3.365

 33.       1.308   1.692   2.035   2.445   2.733   3.356

 34.       1.307   1.691   2.032   2.441   2.728   3.348

 How to find the t-critical values using a CASIO calculator?
Step 1:  Use STAT mode

Step 2:  Use the F6 key to get the following menu
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Step 3:  Use the F5 key to get the following menu
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Step 4:  Use the F2 key to get the following menu
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               F1         F2       F3       

Step 5:  Use the F3 to get the following display

             Inverse Student-t
             Data: Variable   

             Area     :     -- enter       (1-c)/2
             df          :     --enter the degree of freedom
             Save Res: None

             Execute

EXAMPLE 2:  Find the critical value 
[image: image122.wmf]c

t

for a c=95% confidence when the sample size n=15 and 
[image: image123.wmf]s

 is unknown.

Follow the steps above, in step 5, 
             Inverse Student-t
             Data: Variable   

             Area     :     0.025   ( =(1-0.95)/2  )
             df          :     14        ( =15-1            )

             Save Res: None

             Execute

Then press EXE or F1 to get

        Inverse Student-t

        xInv = 2.14478669  ~ 2.145      
Let’s do another example: Find the critical value 
[image: image124.wmf]c
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 for a c=99% confidence when the sample size n=24 and 
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 is unknown.
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= 2.8073
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EXAMPLE 3:
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(Page 369):  How to use Calculator to find a confidence interval?

Step 1:  Use STAT mode

Step 2: From the following menu:
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Use F4 (INTR) to get  the following menu
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Step 3:  Use the F2 key to get the following menu
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Step 4:  Use the F1 key to get the following display

             Data:    Var (F2)   -- Select “Var” using the F2 key.
             C-Level:   0.95     
             
[image: image144.wmf]x

         :
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         :
             n          :   

             Save   Res: None

 Press EXE or the F1 key to view the results
EXAMPLE 3 (Redo by a CASIO calculator)
To get a confidence interval of EXAMPLE 3, in Step 4, we set  

             Data     :    Var
             C-Level:   0.95     
             
[image: image146.wmf]x

         :    162          

             
[image: image147.wmf]x

s

         :    10     
             n          :    16     

             Save   Res: None

We get:  Left=156.671376,     Right=167.328624
EXAMPLE 4:  The data in the file Chicken represent the total fat, in grams per serving, for a sample of 20 chicken sandwiches from fast-food chains. The data are as follows:

7, 8, 4, 5, 16, 20, 20, 24, 19, 30, 23, 30, 25, 19, 29, 29, 30, 30, 40, 56
a) Construct a 95% confidence interval for the population mean total fat, in grams per serving.
Step 1:  Use STAT mode
Step2:  Put these 20 numbers on a list, say List 1
Step 3: From the following menu:
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Use F4 (INTR) to get  the following menu
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Step 4:  Use the F2 key to get the following menu
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Step 5:  Use the F1 key to get the following display

             Data:    List (F1)   -- Select “List” using the F1 key.
             C-Level:   0.95     
             List         : List 1
             Freq      : 1
             Save   Res: None

 Press EXE to view the results
 We get:  Left=17.4028225,     Right=28.9971775
b) Construct a 99% confidence interval for the population mean total fat, in grams per serving.

Repeat the steps in a), and change the level of confidence to be 0.99=99%, we get

         Left=15.2758934,     Right=31.1241066
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