ADM 2304 Final Exam Solutions

Winter 2009

Question 1  [ 11 marks ] 
(a) [1 mark]

-the data are paired since the two rates correspond to the same day in each case (.5)

-the appropriate tests are the matched pairs t-test or the matched pairs Wilcoxon.(.5)

(b) [2 marks]

-since the data are matched pairs, we look only at the boxplot of differences which appear to come from a normal distribution

-therefore the best test is the matched pairs t-test ( but the matched pairs Wilcoxon is still acceptable).

(c) [ 4 marks ]

-Ho: mean difference = 0;  Ha: mean difference not zero

(accept Ho: mean 5-year rate = mean variable rate; Ha: means are different).

-t = .16 / [.564/sqrt(9)] = .16 / .188 = .85

-t = .85 not > critical value of 2.31 based on .05/2=.025 prob and 8 d.f.

-we do not reject Ho; conclude there is no difference in the means or conclude the mean difference is zero.

It is possible to do a 2-sample t-test if that was specified from part (a).

Without further assumptions, they could not assume equal variances and must use df=13 from output and find t = .33.   They should obviously lose 1 mark for (a).  I would give them 3 out of 4 marks for correctly executed 2-sample t-test.  Only 2 out of 4 for correctly executed test based on assuming equal variances.

Minitab calculations:

Two-Sample T-Test and CI 

Sample  N   Mean  StDev  SE Mean

1       9  5.449  0.801     0.27

2       9   5.29   1.22     0.41

Difference = mu (1) - mu (2)

Estimate for difference:  0.159000

95% CI for difference:  (-0.891985, 1.209985)

T-Test of difference = 0 (vs not =): T-Value = 0.33  P-Value = 0.749  DF = 13

Two-Sample T-Test and CI 

Sample  N   Mean  StDev  SE Mean

1       9  5.449  0.801     0.27

2       9   5.29   1.22     0.41

Difference = mu (1) - mu (2)

Estimate for difference:  0.159000

95% CI for difference:  (-0.872300, 1.190300)

T-Test of difference = 0 (vs not =): T-Value = 0.33  P-Value = 0.748  DF = 16

Both use Pooled StDev = 1.0320

(d) [4 marks]

p1=proportion of time 5-year rate exceeds variable rate,

q1=proportion of time variable rate exceeds 5-year rate

p1 > q1 and p1 + q1 = 1 imply that p1 > .5

Ho: p1 = q1 or p1 = .5;  Ha: p1 > q1 or p1 > .5

But p1-hat and q1-hat are not independent and we cannot proceed with the usual z-test based on independent proportions; also, the sample size does not allow a z-test

For n = 9, we observe 6 times when the 5-year rate > variable rate

p-value = P(X >= 6 )  = P(6) + P(7) + P(8) + P(9) , based on n=9 and p1= .5.

Note that this is the same as P(X <= 3 ).

Therefore p-value is ( 1 – P(4) – P(5))/2  and P(4) = P(5)

P(4) = 9 C 4 * .5^9 = 9!/(5!4!) * (1/512) = 126/512 = .246 (so only 1 calc. required)

p-value is (1 – 2(.246))/2 = .254.

Clearly the p-value is not less than .05.

We do not reject Ho and conclude the 5-year rate has not exceeded the variable rate most of the time.

Binomial with n = 9 and p = 0.5

x  P( X <= x )

3     0.253906

· 1 for hypotheses

· 1 for recognizing p-value as a sum of  binomial probs

· 1 for calculating the p-value

· 1 for decision and conclusion.

If students do a z-test  based on independent proportions, give maximum 2 marks total for hypotheses and decision/conclusion.

Question 2 [ 10 marks ] 
(a) [ 5 marks ] 

Ho: no overall shift or party support and time are independent;

Ha: some shift or party support and time are associated.

-need to calculate expected values

-need to calculate chi-square of 8.4

-critical value is 5.99 based on 2 d.f. and alpha=.05

-reject null H, conclude there is a shift in party support.

-1 for hypotheses,

-1 for expected values

-1.5 for chi-square calc

-.5 for critical value and 

-1 for decision and conclusion.

(total marks  increased to 5)

Expected counts are printed below observed counts

Chi-Square contributions are printed below expected counts

           C1      C2      C3  Total

    1     313     353     136    802

       328.91  324.91  148.18

        0.770   2.429   1.002

    2     344     296     160    800

       328.09  324.09  147.82

        0.772   2.435   1.004

Total     657     649     296   1602

Chi-Sq = 8.412, DF = 2, P-Value = 0.015

(b) [n 4 marks ] 

-Ho: p(08) = p(09); Ha: proportions differ, 

where p(08) = Liberal support in 08, etc. (1 mark)

-p-hat = (313+344)/((802+800) = .41 (.5 mark)

-z = (p08-hat  -  p09-hat ) sqrt( .41*.59 * (1/800 + 1/802) = -.040 / .0256 = 1.63 (1 mark)

-do not reject Ho since z not > 1.96 (.5 decision, .5 critical value)

-conclude no change in Liberal party support (.5 mark)

Test and CI for Two Proportions 

Sample    X    N  Sample p

1       313  802  0.390274

2       344  800  0.430000

Difference = p (1) - p (2)

Estimate for difference:  -0.0397257

95% CI for difference:  (-0.0878580, 0.00840664)

Test for difference = 0 (vs not = 0):  Z = -1.62  P-Value = 0.106

(c) [ 1 mark ]

The sample proportions must be normally distributed, and definitely not the data.

Question 3 (8 Marks)

Data Display 

Row  CerealBrand   Oi   pi    Ei    Chisquare

  1  Brand A:      491  0.20   544   5.1636

  2  Brand B:      876  0.35   952   6.0672

  3  Brand C:     1353  0.45  1224  13.5956

  4  Total:       2720  1.00  2720  24.8264

(a) (4 Marks) (changed from 5 marks) 
S1:
H0: p1 = 0.2, p2 = 0.35, p3 = 0.45


Ha: Not all pi’s are as above.





(1 Mark)

S2:
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S3:
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(0.5 Mark)
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(.5 Mark)


Promotion has changed the market share of the three products.
(.5 mark)

(b) (3 Marks)

S1: 
H0: p = 0.35




Ha: p < 0.35







(1/2)

S2: 
z = (876/2720 - .35 )/sqrt(.35*.65/2720) = 
-3.055


(1 Mark)

S3:
ZCrit = Zα = Z0.05 =  -1.645





(1/2 Mark)

S4:
Since {ZCalc = -3.055} < {ZCrit = -1.645}( Reject H0

The promotion has decreased the market share of Brand B.

(1 Mark)

Question 4 (10 Marks)
(a) (3 Marks): 1/3 Mark each for the 9 entries in the table below.

Since 
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 and ‘R2 ‘ should be the highest and ‘se ‘ should be the lowest, the rankings in descending order are:

	Model Order
	Measure 1: R2
	Measure 2: se

	Model#3:
	0.9510  (Highest)
	3.739  (Lowest)

	Model#2:
	0.6025  (Middle)
	9.083  (Middle)

	Model#1:
	0.2734   (Lowest)
	12.280 (Highest)


(b) (3 Marks)

S1: 
H0: 
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 {No difference in Average Wait_Time)
(1/2 Mark)


Ha:  Not all μi’s are equal (There is difference in Average Wait_Time)
[image: image7.wmf]
S2:

[image: image8.wmf]Pr

Pr/

5503.6/3Pr

22.2343

/3630.4/44

oc

Calc

E

SSocdf

MSoc

F

SSEdfMSE

====



(1 Mark)
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(1/2 Mark)

S4:
Since {FCalc = 22.2343} > {FCrit = 2.8165}( Reject H0.

(1/2 Mark)


There is a difference in the Average Wait_Time for the procedures. (1/2 Mark)

(c) (4 Marks)

Here n = 48, k = 4 and 
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(1 Mark)
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(1 Mark)

And 
[image: image12.wmf],,

1185.50912

3.7810.0904

2212

knk

ij

MSE

HSDq

nn

a

-

æö

æö

=+==

ç÷

ç÷

ç÷

èø

èø


(1 Mark)

95% CI: 
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= 26.9160 ± 10.0904




= (16.8256, 37.0064)




(1/2 Mark)

Mean Wait_Time for Procedure 3 is more than the mean Wait_Time for Procedure 4 any where from 16.8256 days to 37.0064 days.




(1/2 Mark)

Question 5 (10 Marks)

(a) (2 Marks)

1. Based on the Normal Probability Plot and reasonably mound-shaped histogram, one can say that the residuals are reasonably normally distributed.

(1 Mark)

2. The residuals are reasonably randomly distributed; one can claim that the vertical spread is constant, indicating equal variance.




(1 Mark)

There fore, the ANOVA assumptions are met.


(b) (2 Marks)

Intersecting or non-parallel response lines indicate that there may be nteraction between the two factors.  
(1 Mark)

Interaction means that the average difference in Wait_Time for two Procedures depends on the Hospital.  For instance, the Wait_Time for Procedure 3 should have been the highest in Hospital 3 in keeping with its performance in general.  However, it is Hospital 1 which has the highest Wait_Time for Procedure 3.

(1 Mark)

(c) (3 Marks)

S1:
H0: No interaction between the factors.


Ha:  Some Interaction.






(1/2 Mark)

S2:
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(1/2 Mark)

S4:
Since {FCalc = 5.4541} > {FCrit = 2.1887}( Reject H0.

(1/2 Mark)

Conclude there is interaction between the Procedure and Hospital.  (.5 mark ) 

(d) (3 Marks)

Since the Interaction is significant, it is worth while calculating the Tukey criterion, T,  for the difference in cell-means also known as the treatment means.

Here, a = b = 4 , the levels for the two factors.  Replicates, r = 3.

n = a b r = 4 x 4 x 3 = 48, ab = 16, ab(r – 1) = 32 and MSE = 13.9791
(1 Mark)
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(1/2 Mark)

Thus, 
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(1 ½  Mark)

This means that 
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for i, j, k, l = 1..4. 

Question 6. [ 19 marks ] 

(a) [ 2 marks] 
-The constant variance assumption is reasonable given the even vertical spread of residuals.
 -The normal errors assumption is reasonable given the relative number of outliers.
(b) [2 marks ] 
-The negative coefficient for the snowfall level means that as snowfall increases, heating costs go down.  
-This is most likely due to multi-collinearity – VIFs show that mean temperature and snowfall exhibit high levels of collinearity.
(c) [ 4 marks ] 
-Ho:  beta(temp)=0; Ha: beta not zero.
-T = -17/21 = -.81 

-Since  | -.81 | not > critical value is 2.13 based on 15 d.f., we do not reject the null H.

-Conclude that the outside temperature is not an important variable given the other variables in the model (.5 for each part of conclusion)

(d) [2 marks ] 

–Since this is a qualitative variable, we must create a dummy variable

--Dummy=1 if house has heated garage, Dummy=0 otherwise.

(e) [ 2 marks ] 

--Cost = 146 - 17.4 Mean Outside Temp - 1.09 Snowfall - 3.22 Attic Ins  + 7.28 Age of Furnace + 44.9 Garage 

= 146 – 17.4 * (-15) - 1.09 * 60 - 3.22 *7.5 + 7.28 * 10 +44.9 = 435.2 dollars     with heated garage.
--Cost =  390.3 dollars without heated garage.

If calculated incorrectly, 1 mark if two estimates are different by $44.90 in the right direction.

(f) [ 2 marks ] 
-The best subsets model includes mean outside temperature, amount of attic insulation, age of furnance and garage dummy, which is Model 3.
-This is based on highest R^2 (adj), the lowest Cp Mallow’s statistic, or the smallest standard error of regression.

Next question should read “70 cm snow”
(g) [ 3 marks ] 

-The point prediction is 267.33 dollars  (.5 for prediction and .5 for units somewhere)
-The standard error of the PI is sqrt(17.72^2 + 40.8656   ^2)  =  44.54
-The PI is 267.33  +/- 2.13 * 44.54 = (172.46,  362.2) dollars

-deduct 1.5  mark for CI instead of PI.

-deduct 1 mark if they use model other than their best model but right calc.
Model 1 :



CI


PI
  1  249.3    26.9     (192.1, 306.5)  (137.8, 360.8)
Model 2: 

  1  276.34   29.50  (213.07, 339.61)  (166.13, 386.55)

Model 3:

  1  267.33   17.72  (229.57, 305.09)  (172.39, 362.26)
Model 4:

  1  243.87   12.63  (217.10, 270.64)  (147.74, 340.00)

(h) Inside temperature,  age of house,  house construction, etc
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