STAT 516 – Spring 2016 --  Homework 4 — Brief Solutions
1. (a)  
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(b) TSS = (14 – 14.25)2 + (10 – 14.25)2 + … + (18 – 14.25)2 + (16 – 14.25)2 = 52.25.
(c) SSW = (14 – 12)2 + (10 – 12)2 + (14 – 13.5)2 + (13 – 13.5)2 + … + (18 – 17)2 + (16 – 17)2 = 20.5.
(d) SS(Cells) = TSS – SSW = 52.25 – 20.5 = 31.75.

(e) MSW = SSW / ac(n-1) = 20.5 / 6 = 3.4167.  MS(Cells) = SS(Cells) / (ac-1) = 31.75 / 5 = 6.35.

(f) F = MS(Cells) / MSW = 6.35 / 3.4167 = 1.86.  F.05,5,6 = 4.39.  Since 1.86 < 4.39, we fail to reject H0.  There may be no difference in mean weight across cells.

2.(a) According to SAS,  F = MS(Cells)/MSW = 67.354/12.267 = 5.49, with a P-value of 0.0003.  Since 0.0003 < 0.05, we reject H0 and conclude there is a significant difference in mean gas usage across cells.
(b) According to SAS, the F-value for the test for interaction is 2.93, with a P-value of 0.0484.  Since 0.0484 < 0.05, we reject H0 and conclude there is a significant interaction between oven setup and meat condition.  One way to interpret this is that the effect on gas usage of meat condition varies depending on the level of oven setup (that is, depending on whether the oven is preheated or not).

(c)  Based on the interaction plot (see next page), we see that, when the oven is not preheated, mean gas usage is similar for each condition of meat, except that it’s a bit lower for fresh meat.  When the oven is preheated, however, the gas usage is much lower for fresh meat than for the other conditions of meat.  There appears to be some interaction between the two factors.
(d) The contrast of interest here is 
L = – nonpre + pre – ()nonpre,24hr + ()pre,24hr = – 1 + 2 – ()12 + ()22  (in SAS’s ordering).

We test H0: L = 0 vs. Ha: L ≠ 0 using a t-test in SAS with an ESTIMATE statement (see code on next page).  The P-value is 0.7284.  Since 0.7284 > 0.05, we conclude there is no significant difference in mean gas usage between non-preheated and preheated ovens, when the meat has been thawed for 24 hours.

(e)  The contrast of interest here is L = fresh – 1/3 12hr – 1/3 24hr – 1/3 frozen + ()pre,fresh – 1/3 ()pre,12hr – 1/3 ()pre,24hr – 1/3 ()pre,frozen 

= 3 – 1/3 1 – 1/3 2 – 1/3 4 + ()2,3 – 1/3 ()2,1 – 1/3 ()2,2 – 1/3 ()2,4
We test H0: L = 0 vs. Ha: L ≠ 0 using a t-test in SAS with an ESTIMATE statement (see code on next page).  The P-value is less than 0.0001.  Since 0.0001 < 0.05, we conclude there is a significant difference in mean gas usage between fresh meat and all non-fresh meat, when the oven is preheated.
(f)  From Table A.7, the q.05(t = 8, df = 32) is between 4.52 and 4.60, say, approximately 4.58.  Therefore the Tukey cutoff value is 
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 If two cells have sample means which differ by more than 7.17, then that pair of factor level combinations will be declared significantly different by Tukey’s procedure.
3.   (a) ANOVA TABLE:
Source


df
SS

MS

F
Between Cells

14
875

62.5

18.53
A

4
375

93.75

27.79
C

2
462

231.0

68.48
A*C

8
38

4.75

1.41
Within


75
253

3.37
Total


89
1128
(b) F = MSAC/MSE =1.41.  F.05,8,75 = 2.06.  Since 1.41 < 2.06, we conclude there is not significant interaction between A and C.

(c) F = MSA/MSE = 27.79.  F.05,4,75 = 2.49.  Since 27.79 > 2.49, we conclude there is a significantly different mean response across the levels of A. 

(d) F = MSC/MSE = 68.48.  F.05,2,75 = 3.12.  Since 68.48 > 3.12, we conclude there is a significantly different mean response across the levels of C.  

Points: #1 (a)-(f): 3 each. #2 (a) 4 (b) 4 (c) 3 (d) 3 (e) 3 (f) 3. #3 (a)10 (b)-(d): 3 each. Neatness: 5
Example SAS Code for problem 2:
/* SAS solutions HW 4 */
/* problem 2 */
data roastdata;

input OVEN $ COND  $ GAS ;

cards;

 NOTPRE FRESH 21.15

 NOTPRE FRESH 17.82

<data lines omitted>

 NOTPRE FROZEN 28.56

 NOTPRE FROZEN 24.88

;

run;
PROC GLM data=roastdata;

CLASS OVEN COND;

MODEL GAS = OVEN  COND  OVEN*COND;

OUTPUT out=pred p=YHAT;

run;
/* Interaction plots: we can plot mean gas against COND for each value of oven setting: */ 

PROC SGPLOT data=pred;

  SERIES X=COND Y=YHAT / GROUP=OVEN;

RUN;
PROC GLM data=roastdata;

CLASS OVEN COND;

MODEL GAS = OVEN COND OVEN*COND;

MEANS OVEN*COND;

/* Estimate statements */

ESTIMATE 'Pre vs. Not-Pre, 24-thaw' OVEN -1 1 COND 0 0 0 0 OVEN*COND 0 -1 0 0 0 1 0 0;

ESTIMATE 'Fresh vs. All Others, Preheated' OVEN 0 0 COND -1 -1 3 -1 OVEN*COND 0 0 0 0 -1 -1 3 -1/divisor=3;

run;
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