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STA 441s 2016 Quiz 9 

l. (3 Points) Give your own example of a two-factor experiment in which a random-effects factor 
is nested within a fixed-effec.1P,factor. The random-effects factor is not cases (subjects). 

TQ-J1 s-1-o/l<?S/f.e~ Ot-t ~ QJl.Q ~~ ~ 
('l"bU1 .lob !cu.vs; AefAJ.1 J./o P;i, 11.s ~ F/'t'ShCo ~ 
Tw€Pif( cu:;~JJA.,(j_ ~ (l~~/y ~ {?r.efA-f 
eqcf1 skrr> ~ ~ 1-z> 11w4 ~ ~..t~/cP1 

In the study you just described, 

(a) What is th1 resijQnse ff.riable?A / , 
SQ)f1 S~foYi f'CVf11l'S 

(b) What are the cases? 

C us;-f.o1q.p/'J' 
(c) What are the factors? /) / _ ~ 

Chcu47 ~ ~ 
( d) Which factor is fixed, and which is random? 

Cle.~ ~ ~IX~ 9~ ~ /lcu-c&c-a, 
2. (3 Points) Fifty female and fifty male High School students rated the cuteness of ten pictures 

of dogs, ten pictures of cats and ten pictures of crocodiles. The data are in a spreadsheet. The 
spreadsheet has 100 rows, one for each student. There are four columns: Sex, mean rating 
of dogs, mean rating of cats, and mean rating of crocodiles. Think of this as a two-factor 
AN OVA. 

(a) What are the factors? ~ ~ re.fl 
(b) C~s'Z ea~ fact:: b:Ween-cases or ~~~~c:~ ~ CU( 

1 ~ 
SM ,4 b-e:lw~ I <:;; /12.C,(QS ,,i, lu r'far I~ 

( c) Make a diagram showing the nesting/ crossing of cases with factors. 

5 /ec.1 'pf' 

/!Jo cJ C/accoO.iJo 

r-
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3. (2 points) In the SAS part of the homework, four plants of the same variety were randomly 
selected in an experiment to investigate the concentration of a particular acid. Three leaves 
per plant were randomly selected and three separate determinations of the acid concentration 
were obtained per leaf. Give an estimate of the proportion of variance in the acid measure­
ments that is due to plants. Write your answer in the space below. On your printout, circle 
the number and write "Question 3" beside it. 

4. (2 points) Refer to the SAS part of the homework. In a taste test of wine, 6 professional 
judges judged 4 wines. 

(a) Give the F-statistic for testing equality of mean ratings for the four wines. Write your 
answer in the space below. On your printout, circle the number and write "Question 4" 
beside it. 

(b) Based on your Bonferroni follow-ups, two wines did not receive ratings that were signif­
icantly different. What were they? Just give 2 numbers in the space below. There is no 
need to circle anything on the printout. 

Attach your complete log file and your COMPLETE results file from both Question 3 
and Question 4 to the quiz paper. Make sure your name and student number are 
written clearly on all the printouts. 
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S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 1

S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 1

O b s P l a n t L e a f A c i d

1 1 1 1 1 . 2

2 1 1 1 1 . 6

3 1 1 1 2 . 0

4 1 2 1 6 . 5

5 1 2 1 6 . 8

6 1 2 1 6 . 1

7 1 3 1 8 . 3

8 1 3 1 8 . 7

9 1 3 1 9 . 0

1 0 2 1 1 4 . 1

1 1 2 1 1 3 . 8

1 2 2 1 1 4 . 2

1 3 2 2 1 9 . 0

1 4 2 2 1 8 . 5

1 5 2 2 1 8 . 2

1 6 2 3 1 1 . 9

1 7 2 3 1 2 . 4

1 8 2 3 1 2 . 0

1 9 3 1 1 5 . 3

2 0 3 1 1 5 . 9

2 1 3 1 1 6 . 0

2 2 3 2 1 9 . 5

2 3 3 2 2 0 . 1

2 4 3 2 1 9 . 3

2 5 3 3 1 6 . 5

2 6 3 3 1 7 . 2

2 7 3 3 1 6 . 9

2 8 4 1 7 . 3

2 9 4 1 7 . 8

3 0 4 1 7 . 0

3 1 4 2 8 . 9

3 2 4 2 9 . 4

3 3 4 2 9 . 3

3 4 4 3 1 1 . 3

3 5 4 3 1 0 . 9

3 6 4 3 1 0 . 5



S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 2

T h e  F R E Q  P r o c e d u r e

S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 2

T h e  F R E Q  P r o c e d u r e

F r e q u e n c y T a b l e o f P l a n t b y L e a f

P l a n t

L e a f

1 2 3 T o t a l

1 3 3 3 9

2 3 3 3 9

3 3 3 3 9

4 3 3 3 9

T o t a l 1 2 1 2 1 2 3 6



S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 3

S u b - s a m p l i n g  w i t h  p r o c  g l m

T h e  G L M  P r o c e d u r e

S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 3

S u b - s a m p l i n g  w i t h  p r o c  g l m

T h e  G L M  P r o c e d u r e

C l a s s  L e v e l  I n f o r m a t i o n

C l a s s L e v e l s V a l u e s

P l a n t 4 1  2  3  4

L e a f 3 1  2  3

N u m b e r  o f  O b s e r v a t i o n s  R e a d 3 6

N u m b e r  o f  O b s e r v a t i o n s  U s e d 3 6



S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 4

S u b - s a m p l i n g  w i t h  p r o c  g l m

T h e  G L M  P r o c e d u r e

D e p e n d e n t  V a r i a b l e :  A c i d

S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 4

S u b - s a m p l i n g  w i t h  p r o c  g l m

T h e  G L M  P r o c e d u r e

D e p e n d e n t  V a r i a b l e :  A c i d

S o u r c e D F
S u m  o f

S q u a r e s M e a n  S q u a r e F  V a l u e P r > F

M o d e l 1 1 5 3 0 . 6 3 2 2 2 2 2 4 8 . 2 3 9 2 9 2 9 3 8 1 . 6 7 < . 0 0 0 1

E r r o r 2 4 3 . 0 3 3 3 3 3 3 0 . 1 2 6 3 8 8 9

C o r r e c t e d  T o t a l 3 5 5 3 3 . 6 6 5 5 5 5 6

R - S q u a r e C o e f f  V a r R o o t  M S E A c i d M e a n

0 . 9 9 4 3 1 6 2 . 4 9 2 8 7 8 0 . 3 5 5 5 1 2 1 4 . 2 6 1 1 1

S o u r c e D F T y p e  I  S S M e a n  S q u a r e F  V a l u e P r > F

P l a n t 3 3 4 3 . 1 7 8 8 8 8 9 1 1 4 . 3 9 2 9 6 3 0 9 0 5 . 0 9 < . 0 0 0 1

L e a f ( P l a n t ) 8 1 8 7 . 4 5 3 3 3 3 3 2 3 . 4 3 1 6 6 6 7 1 8 5 . 3 9 < . 0 0 0 1

S o u r c e D F T y p e  I I I  S S M e a n  S q u a r e F  V a l u e P r > F

P l a n t 3 3 4 3 . 1 7 8 8 8 8 9 1 1 4 . 3 9 2 9 6 3 0 9 0 5 . 0 9 < . 0 0 0 1

L e a f ( P l a n t ) 8 1 8 7 . 4 5 3 3 3 3 3 2 3 . 4 3 1 6 6 6 7 1 8 5 . 3 9 < . 0 0 0 1



S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 5

S u b - s a m p l i n g  w i t h  p r o c  g l m

T h e  G L M  P r o c e d u r e

S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 5

S u b - s a m p l i n g  w i t h  p r o c  g l m

T h e  G L M  P r o c e d u r e

S o u r c e T y p e  I I I  E x p e c t e d  M e a n  S q u a r e

P l a n t V a r ( E r r o r )  +  3  V a r ( L e a f ( P l a n t ) )  +  9  V a r ( P l a n t )

L e a f ( P l a n t ) V a r ( E r r o r )  +  3  V a r ( L e a f ( P l a n t ) )



S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 6

S u b - s a m p l i n g  w i t h  p r o c  g l m

T h e  G L M  P r o c e d u r e
T e s t s  o f  H y p o t h e s e s  f o r  R a n d o m  M o d e l  A n a l y s i s  o f  V a r i a n c e

D e p e n d e n t  V a r i a b l e :  A c i d

S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 6

S u b - s a m p l i n g  w i t h  p r o c  g l m

T h e  G L M  P r o c e d u r e
T e s t s  o f  H y p o t h e s e s  f o r  R a n d o m  M o d e l  A n a l y s i s  o f  V a r i a n c e

D e p e n d e n t  V a r i a b l e :  A c i d

S o u r c e D F T y p e  I I I  S S M e a n  S q u a r e F  V a l u e P r > F

P l a n t 3 3 4 3 . 1 7 8 8 8 9 1 1 4 . 3 9 2 9 6 3 4 . 8 8 0 . 0 3 2 4

E r r o r 8 1 8 7 . 4 5 3 3 3 3 2 3 . 4 3 1 6 6 7

E r r o r :  M S ( L e a f ( P l a n t ) )

S o u r c e D F T y p e  I I I  S S M e a n  S q u a r e F  V a l u e P r > F

L e a f ( P l a n t ) 8 1 8 7 . 4 5 3 3 3 3 2 3 . 4 3 1 6 6 7 1 8 5 . 3 9 < . 0 0 0 1

E r r o r :  M S ( E r r o r ) 2 4 3 . 0 3 3 3 3 3 0 . 1 2 6 3 8 9



S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 7

P u r e  s u b - s a m p l i n g  w i t h  p r o c  n e s t e d

T h e  N E S T E D  P r o c e d u r e

S T A 4 4 1 s 1 6  H W  9  C h a c k :  N e s t e d  P l a n t  D a t a  f r o m  K u t n e r  e t  a l .
T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 3 6 : 0 3  P M 7

P u r e  s u b - s a m p l i n g  w i t h  p r o c  n e s t e d

T h e  N E S T E D  P r o c e d u r e

C o e f f i c i e n t s  o f  E x p e c t e d
M e a n  S q u a r e s

S o u r c e P l a n t L e a f E r r o r

P l a n t 9 3 1

L e a f 0 3 1

E r r o r 0 0 1

N e s t e d  R a n d o m  E f f e c t s  A n a l y s i s  o f  V a r i a n c e  f o r  V a r i a b l e  A c i d

V a r i a n c e
S o u r c e D F

S u m  o f
S q u a r e s F  V a l u e P r > F

E r r o r
T e r m M e a n  S q u a r e

V a r i a n c e
C o m p o n e n t

P e r c e n t
o f  T o t a l

T o t a l 3 5 5 3 3 . 6 6 5 5 5 6 1 5 . 2 4 7 5 8 7 1 8 . 0 0 1 6 2 6 1 0 0 . 0 0 0 0

P l a n t 3 3 4 3 . 1 7 8 8 8 9 4 . 8 8 0 . 0 3 2 4 L e a f 1 1 4 . 3 9 2 9 6 3 1 0 . 1 0 6 8 1 1 5 6 . 1 4 3 9

L e a f 8 1 8 7 . 4 5 3 3 3 3 1 8 5 . 3 9 < . 0 0 0 1 E r r o r 2 3 . 4 3 1 6 6 7 7 . 7 6 8 4 2 6 4 3 . 1 5 4 0

E r r o r 2 4 3 . 0 3 3 3 3 3 0 . 1 2 6 3 8 9 0 . 1 2 6 3 8 9 0 . 7 0 2 1

A c i d  M e a n 1 4 . 2 6 1 1 1 1 1 1

S t a n d a r d  E r r o r  o f  A c i d  M e a n 1 . 7 8 2 5 7 7 4 3

brunner
Callout
Question 3

brunner
Pencil



S T A 4 4 1 s 1 6  H W  9  C h e c k :  W i n e  D a t a T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 2 9 : 4 6  P M 1

M i x e d  m o d e l  A N O V A

T h e  G L M  P r o c e d u r e

S T A 4 4 1 s 1 6  H W  9  C h e c k :  W i n e  D a t a T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 2 9 : 4 6  P M 1

M i x e d  m o d e l  A N O V A

T h e  G L M  P r o c e d u r e

C l a s s  L e v e l  I n f o r m a t i o n

C l a s s L e v e l s V a l u e s

J u d g e 6 1  2  3  4  5  6

W i n e 4 1  2  3  4

N u m b e r  o f  O b s e r v a t i o n s  R e a d 2 4

N u m b e r  o f  O b s e r v a t i o n s  U s e d 2 4



S T A 4 4 1 s 1 6  H W  9  C h e c k :  W i n e  D a t a T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 2 9 : 4 6  P M 2

M i x e d  m o d e l  A N O V A

T h e  G L M  P r o c e d u r e

D e p e n d e n t  V a r i a b l e :  R a t i n g

S T A 4 4 1 s 1 6  H W  9  C h e c k :  W i n e  D a t a T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 2 9 : 4 6  P M 2

M i x e d  m o d e l  A N O V A

T h e  G L M  P r o c e d u r e

D e p e n d e n t  V a r i a b l e :  R a t i n g

S o u r c e D F
S u m  o f

S q u a r e s M e a n  S q u a r e F  V a l u e P r > F

M o d e l 8 3 5 7 . 3 3 3 3 3 3 3 4 4 . 6 6 6 6 6 6 7 4 1 . 8 7 < . 0 0 0 1

E r r o r 1 5 1 6 . 0 0 0 0 0 0 0 1 . 0 6 6 6 6 6 7

C o r r e c t e d  T o t a l 2 3 3 7 3 . 3 3 3 3 3 3 3

R - S q u a r e C o e f f  V a r R o o t  M S E R a t i n g M e a n

0 . 9 5 7 1 4 3 4 . 3 6 3 9 2 5 1 . 0 3 2 7 9 6 2 3 . 6 6 6 6 7

S o u r c e D F T y p e  I  S S M e a n  S q u a r e F  V a l u e P r > F

J u d g e 5 1 7 3 . 3 3 3 3 3 3 3 3 4 . 6 6 6 6 6 6 7 3 2 . 5 0 < . 0 0 0 1

W i n e 3 1 8 4 . 0 0 0 0 0 0 0 6 1 . 3 3 3 3 3 3 3 5 7 . 5 0 < . 0 0 0 1

S o u r c e D F T y p e  I I I  S S M e a n  S q u a r e F  V a l u e P r > F

J u d g e 5 1 7 3 . 3 3 3 3 3 3 3 3 4 . 6 6 6 6 6 6 7 3 2 . 5 0 < . 0 0 0 1

W i n e 3 1 8 4 . 0 0 0 0 0 0 0 6 1 . 3 3 3 3 3 3 3 5 7 . 5 0 < . 0 0 0 1

1 2 3 4 5 6

J u d g e

1 5

2 0

2 5

3 0

R
a

tin
g

4321W i n e

I n t e r a c t i o n  P l o t  f o r  R a t i n g



S T A 4 4 1 s 1 6  H W  9  C h e c k :  W i n e  D a t a T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 2 9 : 4 6  P M 3

M i x e d  m o d e l  A N O V A

T h e  G L M  P r o c e d u r e

S T A 4 4 1 s 1 6  H W  9  C h e c k :  W i n e  D a t a T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 2 9 : 4 6  P M 3

M i x e d  m o d e l  A N O V A

T h e  G L M  P r o c e d u r e

S o u r c e T y p e  I I I  E x p e c t e d  M e a n  S q u a r e

J u d g e V a r ( E r r o r )  +  4  V a r ( J u d g e )

W i n e V a r ( E r r o r )  +  Q ( W i n e )



S T A 4 4 1 s 1 6  H W  9  C h e c k :  W i n e  D a t a T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 2 9 : 4 6  P M 4

M i x e d  m o d e l  A N O V A

T h e  G L M  P r o c e d u r e
T e s t s  o f  H y p o t h e s e s  f o r  M i x e d  M o d e l  A n a l y s i s  o f  V a r i a n c e

D e p e n d e n t  V a r i a b l e :  R a t i n g

S T A 4 4 1 s 1 6  H W  9  C h e c k :  W i n e  D a t a T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 2 9 : 4 6  P M 4

M i x e d  m o d e l  A N O V A

T h e  G L M  P r o c e d u r e
T e s t s  o f  H y p o t h e s e s  f o r  M i x e d  M o d e l  A n a l y s i s  o f  V a r i a n c e

D e p e n d e n t  V a r i a b l e :  R a t i n g

S o u r c e D F T y p e  I I I  S S M e a n  S q u a r e F  V a l u e P r > F

J u d g e 5 1 7 3 . 3 3 3 3 3 3 3 4 . 6 6 6 6 6 7 3 2 . 5 0 < . 0 0 0 1

W i n e 3 1 8 4 . 0 0 0 0 0 0 6 1 . 3 3 3 3 3 3 5 7 . 5 0 < . 0 0 0 1

E r r o r :  M S ( E r r o r ) 1 5 1 6 . 0 0 0 0 0 0 1 . 0 6 6 6 6 7

brunner
Highlight

brunner
Callout
Question 4



S T A 4 4 1 s 1 6  H W  9  C h e c k :  W i n e  D a t a T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 2 9 : 4 6  P M 5

P a i r w i s e  m a t c h e d  t - t e s t s
B o n f e r r o n i  a l p h a / k  =  0 . 0 5 / 6  =  0 . 0 0 8 3 3 3 3 3 3

T h e  M E A N S  P r o c e d u r e

S T A 4 4 1 s 1 6  H W  9  C h e c k :  W i n e  D a t a T u e s d a y ,  M a r c h  2 2 ,  2 0 1 6  1 0 : 2 9 : 4 6  P M 5

P a i r w i s e  m a t c h e d  t - t e s t s
B o n f e r r o n i  a l p h a / k  =  0 . 0 5 / 6  =  0 . 0 0 8 3 3 3 3 3 3

T h e  M E A N S  P r o c e d u r e

V a r i a b l e M e a n t V a l u e P r > | t |

d 1 2
d 1 3
d 1 4
d 2 3
d 2 4
d 3 4

- 2 . 0 0 0 0 0 0 0
- 6 . 6 6 6 6 6 6 7
- 6 . 0 0 0 0 0 0 0
- 4 . 6 6 6 6 6 6 7
- 4 . 0 0 0 0 0 0 0

0 . 6 6 6 6 6 6 7

- 3 . 4 6
- 1 0 . 0 0

- 7 . 0 1
- 1 4 . 0 0

- 7 . 7 5
1 . 3 5

0 . 0 1 8 0
0 . 0 0 0 2
0 . 0 0 0 9

< . 0 0 0 1
0 . 0 0 0 6
0 . 2 3 5 4
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