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Midterm

Instructions:  You may use you books, notes and a calculator.  Give concise but detailed answers for full credit.  Please write your answers on your own paper.

1. Determine whether data to be collected for each variable are qualitative or quantitative.  If the data are qualitative state whether they are ordinal or nominal and for quantitative data state whether they are discrete or continuous.

a. The T-cell counts of an AIDS patient.

b. The overall performance of an instructor of a class measured on a scale from 1 to 4,         1 = excellent.

c. The labor force participation rate of women in the U.S. Economy.
d. The credit card number on VISA cards.
2. Name a SAS procedure you might run if you were interested in testing the independence of two categorical variables presented in the form of a two-way table.  State the null and alternative hypotheses that would be tested.

3. The director of the honors program at Western University has 16 applications for admission next fall.  The composite ACT scores of the applicants are:

27
27
27
28
27
25
25
28

26
28
26
28
31
30
26
26

These ACT scores are to be compared with the mean ACT scores from the previous year.  The           mean score from the previous year was 28.

a. State the null and alternative hypotheses?

b. Compute the mean and standard deviation of the scores.

c. Conduct the hypothesis test.
d. What is the conclusion of the hypotheses test?  Did the applicants for next fall score higher on average than the students admitted last year?

4. A survey of executives dealt with their loyalty to their company.  One of the questions asked was, “If you were given an offer by another company equal to or slightly better than your present position, would you remain with the company or take the other position?”  The responses of the 200 executives in the survey are given in the following table for their length of service with the company.

	Loyalty
	< 1 Year 
	1-5 Years
	6-10 Years
	> 10 Years
	Total

	Would remain
	10
	30
	5
	75
	120

	Would not remain
	25
	15
	10
	30
	80

	Total
	
	
	
	
	200


a. What is the probability of randomly selecting an executive who is loyal to the company (would remain)? 

b. What is the probability of randomly selecting an executive who is loyal to the company (would remain) and who has more than 10 years of service?

c. What is the probability of randomly selecting an executive who is loyal to the company (would remain) given that executive has more than 10 years of service? 

d. Is the event selecting an executive who is loyal to the company independent of the event selecting an executive with more than 10 years of service?

e. State the null and alternative hypotheses for the Chi-Square test of independence between the loyalty and the service time of the executives.

5. Clouds were randomly seeded (SEED = 1) or not (SEED = 0) with silver nitrate. Rainfall amounts were recorded from the clouds. The purpose of the experiment was to determine if cloud seeding increases rainfall.  The rainfall distributions are more nearly symmetric after a log transformation. The log transformation also makes the variance of the two groups more nearly equal.  After a log transformation, a pooled t-test may be appropriate. (Without a transformation it is neither appropriate (failing both the normality and equal variance assumptions) nor significant at .05.) Test the research hypothesis that cloud seeding increases the mean rainfall.  Use ( = 0.05.

a. State the null and alternative hypothesis.

b. Describe the hypothesis test you would use to test the hypotheses in part a.  State the assumption of the test.  

c. Are any of the assumptions of the test violated?  Justify your answer using the SAS output given below by examining the relevant computer output for each assumption stated in part b.

d. What is the value of the test statistics for the test?

e. What is the p-value for the test?

f. Is the null hypothesis Rejected?  Yes or No, why?  What does this imply about cloud seeding?

                            DISTRIBUTIONS OF UNSEEDED CLOUDS  SEED = 0                             

      Frequency

      14 ˆ                               *****

         ‚                               *****

      13 ˆ                               *****

         ‚                               *****

      12 ˆ                               *****

         ‚                               *****

      11 ˆ                               *****

         ‚                               *****

      10 ˆ                               *****

         ‚                               *****

       9 ˆ                               *****

         ‚                               *****

       8 ˆ                               *****

         ‚                               *****

       7 ˆ                               *****

         ‚                               *****

       6 ˆ                               *****       *****

         ‚                               *****       *****

       5 ˆ                               *****       *****

         ‚                               *****       *****

       4 ˆ                   *****       *****       *****

         ‚                   *****       *****       *****

       3 ˆ                   *****       *****       *****

         ‚                   *****       *****       *****

       2 ˆ                   *****       *****       *****

         ‚                   *****       *****       *****

       1 ˆ       *****       *****       *****       *****       *****

         ‚       *****       *****       *****       *****       *****

         Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

                   0           2           4           6           8           10

                                          LOGUN Midpoint

                               DISTRIBUTIONS OF SEEDED CLOUDS  SEED = 1                           

      Frequency

      12 ˆ                                           *****

         ‚                                           *****

      11 ˆ                                           *****

         ‚                                           *****

      10 ˆ                                           *****

         ‚                                           *****

       9 ˆ                                           *****

         ‚                                           *****

       8 ˆ                               *****       *****

         ‚                               *****       *****

       7 ˆ                               *****       *****

         ‚                               *****       *****

       6 ˆ                               *****       *****

         ‚                               *****       *****

       5 ˆ                               *****       *****

         ‚                               *****       *****

       4 ˆ                               *****       *****

         ‚                               *****       *****

       3 ˆ                   *****       *****       *****       *****

         ‚                   *****       *****       *****       *****

       2 ˆ                   *****       *****       *****       *****

         ‚                   *****       *****       *****       *****

       1 ˆ                   *****       *****       *****       *****

         ‚                   *****       *****       *****       *****

         Šƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ

                   0           2           4           6           8           10

                                         LOGSEED Midpoint

                                   The UNIVARIATE Procedure

                                       Variable:  LOGRAIN SEED = 0

                                            Moments

                N                          26    Sum Weights                 26

                Mean               3.99040563    Sum Observations    103.750546

                Std Deviation      1.64184748    Variance            2.69566314

                Skewness           -0.2294856    Kurtosis            0.25257458

                Uncorrected SS     481.398344    Corrected SS        67.3915785

                Coeff Variation    41.1448767    Std Error Mean      0.32199278

                                   Tests for Location: Mu0=0

                        Test           -Statistic-    -----p Value------

                        Student's t    t  12.39284    Pr > |t|    <.0001

                        Sign           M      12.5    Pr >= |M|   <.0001

                        Signed Rank    S     162.5    Pr >= |S|   <.0001

                                      Tests for Normality

                   Test                  --Statistic---    -----p Value------

                   Shapiro-Wilk          W      0.97994    Pr < W      0.8727

                   Kolmogorov-Smirnov    D     0.096751    Pr > D     >0.1500

                   Cramer-von Mises      W-Sq   0.03675    Pr > W-Sq  >0.2500

                   Anderson-Darling      A-Sq  0.234057    Pr > A-Sq  >0.2500

                                         Normal Probability Plot

                       7.5+                                            +*++++

                          |                                      ++*+++

                          |                                ***+*+*

                          |                          ****+*

                          |                 ***+*****

                          |             +*+*++

                          |       +++*+*

                       0.5+ ++++*+

                           +----+----+----+----+----+----+----+----+----+----+

                               -2        -1         0        +1        +2

                The UNIVARIATE Procedure

                                       Variable:  LOGRAIN  SEED = 1

                                            Moments

                N                          26    Sum Weights                 26

                Mean               5.13418678    Sum Observations    133.488856

                Std Deviation      1.59951361    Variance            2.55844379

                Skewness           -0.5171111    Kurtosis            0.18769836

                Uncorrected SS     749.317817    Corrected SS        63.9610947

                Coeff Variation    31.1541765    Std Error Mean      0.31369043

                                   Tests for Location: Mu0=0

                        Test           -Statistic-    -----p Value------

                        Student's t    t  16.36705    Pr > |t|    <.0001

                        Sign           M        13    Pr >= |M|   <.0001

                        Signed Rank    S     175.5    Pr >= |S|   <.0001

                                      Tests for Normality

                   Test                  --Statistic---    -----p Value------

                   Shapiro-Wilk          W     0.965906    Pr < W      0.5208

                   Kolmogorov-Smirnov    D     0.135264    Pr > D     >0.1500

                   Cramer-von Mises      W-Sq  0.067552    Pr > W-Sq  >0.2500

                   Anderson-Darling      A-Sq  0.370332    Pr > A-Sq  >0.2500

                                                   Normal Probability Plot

                       7.5+                                     +*+*++  *

                          |                               +***+*

                          |                        ****+*+*

                       4.5+                  **+***+

                          |            ++*+**

                          |      ++++*+*

                       1.5++++++*

                           +----+----+----+----+----+----+----+----+----+----+

                               -2        -1         0        +1        +2

        

The TTEST Procedure

                                           Statistics

                              Lower CL          Upper CL  Lower CL           Upper CL

Variable  Class            N      Mean    Mean      Mean   Std Dev  Std Dev   Std Dev  Std Err

LOGRAIN                   26    3.3272  3.9904    4.6536    1.2876   1.6418    2.2664   0.3220
LOGRAIN                   26    4.4881  5.1342    5.7802    1.2544   1.5995     2.208   0.3137

LOGRAIN   Diff (1-2)            -2.047  -1.144    -0.241    1.3562   1.6208    2.0148   0.4495

                                            T-Tests

             Variable    Method           Variances      DF    t Value    Pr > |t|

             LOGRAIN     Pooled           Equal          50      -2.54      0.0141

             LOGRAIN     Satterthwaite    Unequal        50      -2.54      0.0141

                                     Equality of Variances

                 Variable    Method      Num DF    Den DF    F Value    Pr > F

                 LOGRAIN     Folded F        25        25       1.05    0.8971
6. Research from the Department of Fruit Crops at a university compared four different preservatives to be used in freezing strawberries.  The yield from a strawberry patch was prepared for freezing and randomly divided into four equal groups.  Within each group the strawberries were treated with the appropriate preservative and packaged into 8 small plastic bags for freezing at 0( C.  Those in group I served as a control group, while those in groups II, III, and IV were assigned one of three newly developed preservatives.  After all 32 bags of strawberries were prepared they were stored at 0( C for a period of six months.  At the end of this time, the contents of each bag were allowed to thaw and then on a scale of 1 to 10 points for discoloration.  (Note that a low score indicates little discoloration.)  These ratings are given below.

	Group I
	10
	8
	7.5
	8
	9.5
	9
	7.5
	7

	Group II
	6
	7.5
	8
	7
	6.5
	6
	5
	5.5

	Group III
	3
	5.5
	4
	4.5
	3
	3.5
	4
	4.5

	Group IV
	2
	1
	2.5
	3
	4
	3.5
	2
	2


Test the research hypothesis that there is no difference in the mean discoloration ratings for the four groups of strawberries.  Use ( = 0.05.

a. State the null and alternative hypothesis.

b. Describe the hypothesis test you would use to test the hypotheses in part a.  State the assumption of the test.  

c. Justify your answer using the SAS output given below by examining the relevant computer output for each assumption stated in part b.

d. What is the value of the test statistics for the test?

e. What is the p-value for the test?

f. Is the null hypothesis Rejected?  Yes or No, why?  What does this imply about the different types of preservatives?

g. Using the results of the output of the multiple comparison tests which groups are different according to Bonferroni’s Method.

------------------------------- GROUP=1.00 -------------------------------

                        Basic Statistical Measures

              Location                    Variability

          Mean     8.312500     Std Deviation            1.06695

          Median   8.000000     Variance                 1.13839

          Mode     7.500000     Range                    3.00000

                                Interquartile Range      1.75000

                           Tests for Normality

                              Normal Probability Plot

          10.25+                                       * +++++

               |                                  *  ++++

               |                              * +++++

           8.75+                           +++++

               |                       *+++*

               |                * ++*++

           7.25+           * +++++

                +----+----+----+----+----+----+----+----+----+----+

                    -2        -1         0        +1        +2

------------------------------- GROUP=2.00 -------------------------------

                        Basic Statistical Measures

              Location                    Variability

          Mean     6.437500     Std Deviation            1.01550

          Median   6.250000     Variance                 1.03125

          Mode     6.000000     Range                    3.00000

                                Interquartile Range      1.50000

                              Normal Probability Plot

           8.25+                                       * +++++

               |                                  * +++++

               |                              *+++++

           6.75+                          +*+++

               |                    *++*++

               |                *++++

           5.25+           *++++

                +----+----+----+----+----+----+----+----+----+----+

                    -2        -1         0        +1        +2

------------------------------- GROUP=3.00 -------------------------------

                        Basic Statistical Measures

              Location                    Variability

          Mean     4.000000     Std Deviation            0.84515

          Median   4.000000     Variance                 0.71429

          Mode     3.000000     Range                    2.50000

                                Interquartile Range      1.25000

                              Normal Probability Plot

           5.75+                                       *   ++++++

               |                                     ++++++

               |                              *+++*++

               |                       * ++*+++

               |                    *++++

           3.25+           *  ++*+++

                +----+----+----+----+----+----+----+----+----+----+

                    -2        -1         0        +1        +2

------------------------------- GROUP=4.00 -------------------------------

                        Basic Statistical Measures

              Location                    Variability

          Mean     2.500000     Std Deviation            0.96362

          Median   2.250000     Variance                 0.92857

          Mode     2.000000     Range                    3.00000

                                Interquartile Range      1.25000

                              Normal Probability Plot

           4.25+                                       * +++++

               |                                  * +++++

               |                              *+++++

           2.75+                         ++*+++

               |                *   *++*+

               |               +++++

           1.25+          +*+++

                +----+----+----+----+----+----+----+----+----+----+

                    -2        -1         0        +1        +2

                           The ANOVA Procedure

Dependent Variable: RATING

                                    Sum of

Source                    DF       Squares   Mean Square  F Value  Pr > F

Model                      3   159.1875000    53.0625000    55.67  <.0001

Error                     28    26.6875000     0.9531250

Corrected Total           31   185.8750000

           R-Square     Coeff Var      Root MSE    RATING Mean

           0.856422      18.37706      0.976281       5.312500

Source                    DF      Anova SS   Mean Square  F Value  Pr > F

GROUP                      3   159.1875000    53.0625000    55.67  <.0001

            Levene's Test for Homogeneity of RATING Variance

              ANOVA of Squared Deviations from Group Means

                            Sum of        Mean

      Source        DF     Squares      Square    F Value    Pr > F

      GROUP          3      0.6007      0.2002       0.25    0.8604

      Error         28     22.3975      0.7999

                   Bonferroni (Dunn) t Tests for RATING

    NOTE: This test controls the type I experimentwise error rate but

          generally has a higher type II error rate than REGWQ.

                 Alpha                              0.05

                 Error Degrees of Freedom             28

                 Error Mean Square              0.953125

                 Critical Value of t             2.83893

                 Minimum Significant Difference   1.3858

       Means with the same letter are not significantly different.

          Bon Grouping          Mean      N    GROUP

                     A        8.3125      8    1.00

                     B        6.4375      8    2.00

                     C        4.0000      8    3.00

                     D        2.5000      8    4.00

7. Consider the following data related to coronary heart disease.

Death rates in the U.S. due to coronary heart disease and their determinants.  

  chd       =  death rate per 100,000 population (Range 321.2 - 375.4)

  cal        =  Per capita consumption of calcium per day in grams (Range 0.9 - 1.06)

  unemp  =  Percent of civilian labor force unemployed in 1,000 of persons


    16 years and older (Range 2.9 - 8.5)

  cig       =  Per capita consumption of cigarettes in pounds of tobacco

  
    by persons 18 years and older--approx. 339 cigarettes per pound

  
    of tobacco (Range 6.75 - 10.46)

  edfat    =  Per capita intake of edible fats and oil in pounds--includes

  
    lard, margerine and butter (Range 42 - 56.5)

  meat    =  Per capita intake of meat in pounds--includes beef, veal, pork,


    lamb and mutton (Range 138 - 194.8)

  spirits   = Per capita consumption of distilled spirits in taxed gallons

  
    for individuals 18 and older (Range 1 - 2.9)

  beer     =  Per capita consumption of malted liquor in taxed gallons for


    individuals 18 and older (Range 15.04 - 34.9)

  wine     =  Per capita consumption of wine measured in taxed gallons for


    individuals 18 and older (Range 0.77 - 2.65)

a. Explain why each of the independent variables might affect the death rate due to coronary heart disease.  What signs would you expect for each of the regression coefficients?  Do the observations agree with your intuition?  If not, do you have an alternative explanation for the unexpected sign?

[image: image1.emf]0.900.951.00
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b. Define what the correlation coefficient r measures.

c. From the matrix of correlations, which variable is most correlated with chd, coronary heart disease?
                                       The CORR Procedure

                           Pearson Correlation Coefficients, N = 34

                                  Prob > |r| under H0: Rho=0

                           chd           cal         unemp           cig         edfat

         chd           1.00000       0.01100      -0.28864       0.45477      -0.20468

                                      0.9508        0.0978        0.0069        0.2456

         cal           0.01100       1.00000      -0.40043       0.77519      -0.88275

                        0.9508                      0.0189        <.0001        <.0001

         unemp        -0.28864      -0.40043       1.00000      -0.52630       0.48105

                        0.0978        0.0189                      0.0014        0.0040

         cig           0.45477       0.77519      -0.52630       1.00000      -0.91413

                        0.0069        <.0001        0.0014                      <.0001

         edfat        -0.20468      -0.88275       0.48105      -0.91413       1.00000

                        0.2456        <.0001        0.0040        <.0001

         meat         -0.05965      -0.84290       0.40930      -0.80407       0.88902

                        0.7375        <.0001        0.0162        <.0001        <.0001

                           Pearson Correlation Coefficients, N = 34

                                  Prob > |r| under H0: Rho=0

                                 meat       spirits          beer          wine

                chd          -0.05965      -0.22832      -0.45023      -0.39747

                               0.7375        0.1940        0.0075        0.0199

                cal          -0.84290      -0.84858      -0.77995      -0.80451

                               <.0001        <.0001        <.0001        <.0001

                unemp         0.40930       0.35222       0.42030       0.51205

                               0.0162        0.0411        0.0133        0.0020

                cig          -0.80407      -0.88401      -0.93644      -0.94286

                               <.0001        <.0001        <.0001        <.0001

                edfat         0.88902       0.91919       0.91262       0.94837

                               <.0001        <.0001        <.0001        <.0001

                meat          1.00000       0.83472       0.78188       0.79830

                                             <.0001        <.0001        <.0001

                                       The CORR Procedure

                           Pearson Correlation Coefficients, N = 34

                                  Prob > |r| under H0: Rho=0

                           chd           cal         unemp           cig         edfat

         spirits      -0.22832      -0.84858       0.35222      -0.88401       0.91919

                        0.1940        <.0001        0.0411        <.0001        <.0001

         beer         -0.45023      -0.77995       0.42030      -0.93644       0.91262

                        0.0075        <.0001        0.0133        <.0001        <.0001

         wine         -0.39747      -0.80451       0.51205      -0.94286       0.94837

                        0.0199        <.0001        0.0020        <.0001        <.0001

                           Pearson Correlation Coefficients, N = 34

                                  Prob > |r| under H0: Rho=0

                                 meat       spirits          beer          wine

                spirits       0.83472       1.00000       0.94721       0.93418

                               <.0001                      <.0001        <.0001

                beer          0.78188       0.94721       1.00000       0.97425

                               <.0001        <.0001                      <.0001

                wine          0.79830       0.93418       0.97425       1.00000

                               <.0001        <.0001        <.0001
d. Write down the multivariate regression model where chd is the dependent variable and the other variables are the independent variables.  Write down the estimated regression model using the computer output below under Model 1.

e. Which independent variables are statistically significant from Model 1 using the significance level of 0.10?  Use the regression output below.

f. Using the output from Model 2 below write down the forward regression model and its estimate model.  

g. Using the output from Model 3 below write down the backward regression model and its estimate model.

h. Which of the three models would you choose as the best multiple linear regression model for chd?  Explain your reasoning.  What is the adjusted R-square for your final model?

Model 1: All variables
                                       The REG Procedure

                                         Model: MODEL1

                                    Dependent Variable: chd

                                      Analysis of Variance

                                             Sum of           Mean

         Source                   DF        Squares         Square    F Value    Pr > F

         Model                     8     5391.38416      673.92302       8.51    <.0001

         Error                    25     1980.29849       79.21194

         Corrected Total          33     7371.68265

                      Root MSE              8.90011    R-Square     0.7314

                      Dependent Mean      354.81471    Adj R-Sq     0.6454

                      Coeff Var             2.50838

                                      Parameter Estimates

                                   Parameter       Standard

              Variable     DF       Estimate          Error    t Value    Pr > |t|

              Intercept     1      226.00182      146.83031       1.54      0.1363

              cal           1      -69.98251       78.55684      -0.89      0.3815

              unemp         1       -0.61340        1.58641      -0.39      0.7023

              cig           1       10.11641        5.07126       1.99      0.0571

              edfat         1        2.80992        1.66827       1.68      0.1046

              meat          1        0.11159        0.24301       0.46      0.6500

              spirits       1       21.71559        8.45724       2.57      0.0166

              beer          1       -3.46661        1.29774      -2.67      0.0131

              wine          1       -4.56184       16.24721      -0.28      0.7812
Model 2: Forward

                                 Forward Selection: Step 2

                   Variable cal Entered: R-Square = 0.4991 and C(p) = 18.6139

                                      Analysis of Variance

                                             Sum of           Mean

         Source                   DF        Squares         Square    F Value    Pr > F

         Model                     2     3679.30821     1839.65410      15.45    <.0001

         Error                    31     3692.37444      119.10885

         Corrected Total          33     7371.68265

                            Parameter     Standard

               Variable      Estimate        Error   Type II SS  F Value  Pr > F

               Intercept    477.70482     45.29809        13247   111.21  <.0001

               cal         -269.64099     63.39610   2154.71983    18.09  0.0002

               cig           15.95511      2.87105   3678.41656    30.88  <.0001
Model 3: Backward

                                Backward Elimination: Step 4

                   Variable cal Removed: R-Square = 0.7121 and C(p) = 2.7930

                                      Analysis of Variance

                                             Sum of           Mean

         Source                   DF        Squares         Square    F Value    Pr > F

         Model                     4     5249.36023     1312.34006      17.93    <.0001

         Error                    29     2122.32242       73.18353

         Corrected Total          33     7371.68265

                            Parameter     Standard

               Variable      Estimate        Error   Type II SS  F Value  Pr > F

               Intercept    139.67772     77.94410    235.01803     3.21  0.0836

               cig           10.70566      4.59040    398.05114     5.44  0.0268

               edfat          3.38024      0.96670    894.80056    12.23  0.0015

               spirits       26.74895      7.03684   1057.47892    14.45  0.0007

               beer          -4.13156      0.86290   1677.73972    22.93  <.0001
