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Ȳ .
.
=

(5
(1

4.
6)

+
5(

13
.4
)
+

4(
19

.5
)
+

5(
27

.2
))
/

19
=

18
.6

32

S
S

TR
=

5(
14

.6
−

18
.6

32
)2

+
5(

13
.4

−
18

.6
82

)2
+

4(
19

.5
−

18
.6

32
)2

+
5(

19
.5

−
18

.6
32

)2
=

58
8.

22
11

S
S

E
=

4(
2.

30
22 )

+
4(

3.
64

72 )
+

3(
2.

64
62 )

+
4(

3.
96

22 )
=

15
8.

2

75



M
ea

n
S

qu
ar

e:
a

su
m

of
sq

ua
re

s,
di

vi
de

d
by

its
de

gr
ee

s
of

fre
ed

om
.

N
ot

e
th

at
a

m
ea

n
sq

ua
re

is
a

st
at

is
tic

an
d

ha
s

a
sa

m
pl

in
g

di
st

rib
ut

io
n.

M
S

TR
=

S
S

TR
r
−

1

M
S

E
=

S
S

E
n T

−
r

D
efi

ne
µ
.

to
be

th
e

w
ei

gh
te

d
m

ea
n

of
th

e
µ

i,
i=

1,
..
.,

r
in

th
e

ce
ll-

m
ea

ns
m

od
el

:

µ
.
=

�
r i=

1
n i
µ

i

n T

E
xp

ec
te

d
M

ea
n

S
qu

ar
e:

th
e

m
ea

n
of

th
e

sa
m

pl
in

g
di

st
rib

ut
io

n
of

a
m

ea
n

sq
ua

re
.

E
(M

S
TR

)=
σ

2
+

�
n i
(µ

i
−

µ
.)

2

r
−

1
E

(M
S

E
)=

σ
2

76

A
N

O
VA

Ta
bl

e

S
ou

rc
e

S
um

of
df

M
ea

n
E

xp
ec

te
d

of
Va

ri
at

io
n

S
qu

ar
es

S
qu

ar
e

M
ea

n
S

qu
ar

e
Tr

ea
tm

en
t

S
S

TR
r
−

1
SS

TR
r−

1
E

rr
or

S
S

E
n T

−
r

SS
E

n T
−

r

To
ta

l
S

S
TO

n T
−

1

K
en

to
n

Fo
od

C
om

pa
ny

S
ou

rc
e

S
um

of
df

M
ea

n
F

P
of

Va
ri

at
io

n
S

qu
ar

es
S

qu
ar

e
Tr

ea
tm

en
t

58
8.

22
3

19
6.

07
E

rr
or

15
8.

2
15

10
.5

5
To

ta
l

74
6.

42
18

77



F
Te

st
fo

r
E

qu
al

ity
of

Fa
ct

or
Le

ve
lM

ea
ns

H
yp

ot
he

se
s

to
be

te
st

ed
:

H
0:

µ
1
=

µ
2
=

··
·=

µ
r

vs
.

H
a:

at
le

as
tt

w
o

of
th

e
m

ea
ns

ar
e

no
te

qu
al

.

Th
e

F
S

ta
tis

tic

F
ob

s
=

M
ST

R
M

SE

Fo
rfi

xe
d

r
an

d
n 1
,n

2,
..
.,

n r
,i

fH
0

is
tr

ue
th

en
th

e
di

st
rib

ut
io

n
of

F
is

co
m

pl
et

el
y

de
te

rm
in

ed
.

78

F
ob

s
=

S
S

TR
r−

1
S

S
E

n T
−

r

If
H

0
is

tr
ue

,t
he

di
st

rib
ut

io
n

of
F

ob
s

is
F

r−
1,

n T
−

r.
Th

e
tw

o
pa

ra
m

et
er

s
ar

e
th

e
nu

m
er

at
or

de
gr

ee
s

of
fre

ed
om

an
d

de
no

m
in

at
or

de
gr

ee
s

of
fre

ed
om

(r
−

1,
n T

−
r)

.
3

If
H

0
is

no
tt

ru
e,

th
e

nu
m

er
at

or
M

S
TR

w
ill

te
nd

to
be

la
rg

er
th

an
w

ha
tw

ou
ld

be
ex

pe
ct

ed
if

H
0

w
as

tr
ue

.
To

se
e

th
is

,c
om

pa
re

E
(M

S
TR

)w
he

n
H

0
is

tr
ue

,t
o

E
(M

S
TR

)w
he

n
H

0
is

fa
ls

e.

S
o,

un
de

rH
a,

F
ob

s
w

ill
al

so
be

la
rg

er
th

an
ex

pe
ct

ed
un

de
rH

0.
S

o
th

e
te

st
co

ns
is

ts
of

co
m

pa
rin

g
th

e
ra

tio
w

ith
th

e
95

%
po

in
to

ft
he

F
di

st
rib

ut
io

n
w

ith
r
−

1
an

d
n T

−
r

de
gr

ee
s

of
fre

ed
om

.

3
Th

e
nu

m
er

at
or

is
a
χ

2
r.v

.
di

vi
de

d
by

its
de

gr
ee

s
of

fre
ed

om
,a

nd
th

e
de

no
m

in
at

or
is

an
ot

he
rχ

2
r.v

.
di

vi
de

d
by

its
de

gr
ee

s
of

fre
ed

om
.

Th
e

nu
m

er
at

or
an

d
de

no
m

in
at

or
ar

e
in

de
pe

nd
en

to
fe

ac
h

ot
he

rb
y

C
oc

hr
an

’s
Th

m
.

79



A
N

O
VA

Ta
bl

e

S
ou

rc
e

S
um

of
df

M
ea

n
E

xp
ec

te
d

of
Va

ri
at

io
n

S
qu

ar
es

S
qu

ar
e

M
ea

n
S

qu
ar

e

Tr
ea

tm
en

t
S

S
TR

r
−

1
S

S
TR

r−
1

σ
2
+

�
n i
(µ

i−
µ
.
)2

r−
1

E
rr

or
S

S
E

n T
−

r
S

S
E

n T
−

r
σ

2

To
ta

l
S

S
TO

n T
−

1

K
en

to
n

Fo
od

C
om

pa
ny

S
ou

rc
e

S
um

of
df

M
ea

n
F

P
of

Va
ri

at
io

n
S

qu
ar

es
S

qu
ar

e
Tr

ea
tm

en
t

58
8.

22
3

19
6.

07
E

rr
or

15
8.

2
15

10
.5

5
To

ta
l

74
6.

42
18

80

P
-v

al
ue

of
th

e
F

te
st

is
ar

ea
to

th
e

rig
ht

of
th

e
ob

se
rv

ed
st

at
is

tic
F

ob
s.

E
x:

K
en

to
n

Fo
od

C
om

pa
ny

P
-v

al
ue

=
P
(F

3,
15

>
18

.5
91

)

>
1
-
p
f
(
1
8
.
5
9
1
,
d
f
1
=
3
,
d
f
2
=
1
5
)

[
1
]
2
.
5
8
5
0
0
7
e
-
0
5

S
in

ce
P
<

.0
5,

re
je

ct
H

0
:
µ

1
=

µ
2
=

µ
3
=

µ
4

at
le

ve
lα

=
.0

5.
C

on
cl

ud
e

th
at

at
le

as
tt

w
o

of
th

e
pa

ck
ag

e
de

si
gn

s
di

ffe
ri

n
nu

m
be

ro
fp

ac
ka

ge
s

so
ld

on
av

er
ag

e.

F
Te

st
w

ith
pr

e-
se

tT
yp

e
Ie

rr
or

pr
ob

ab
ili

ty
α

Fo
rα

=
.0

5
fir

st
fin

d
th

e
.9

5
qu

an
til

e
of

th
e

ap
pr

op
ria

te
F

di
st

rib
ut

io
n.

>
q
f
(
.
9
5
,
d
f
1
=
3
,
d
f
2
=
1
5
)

[
1
]
3
.
2
8
7
3
8
2

D
ec

is
io

n
R

ul
e:

Fo
ra

le
ve

lα
=

.0
5

te
st

,w
e

w
ill

re
je

ct
H

0
if

F
ob

s
>

3.
28

8

81



Fa
ct

or
E

ff
ec

ts
M

od
el

(S
ec

tio
n

16
.7

)

Y i
j
=

µ
.
+

τ i
+

� i
j,

i=
1,
..
.,

r;
j=

1,
..
.,

n i

w
he

re
:

�
µ
.

is
th

e
“o

ve
ra

ll
m

ea
n,

”m
or

e
ac

cu
ra

te
ly

de
sc

rib
ed

as
a

“c
on

st
an

tc
om

po
ne

nt
co

m
m

on
to

al
lo

bs
er

va
tio

ns
”

�
τ i

is
th

e
ef

fe
ct

of
th

e
ith

fa
ct

or
le

ve
l

�
th

e
er

ro
rs

,�
ij
,a

re
in

de
pe

nd
en

tN
(0
,σ

2 )

U
su

al
ly

ta
ke

µ
.

to
be

th
e

un
w

ei
gh

te
d

m
ea

n
of

th
e

fa
ct

or
le

ve
lm

ea
ns

:

µ
.
=

�
r i=

1
µ

i

r

Th
is

le
ad

s
to

th
e

co
ns

tra
in

to
n

th
e
τ i

’s
: r � i=
1

τ i
=

0

82

Li
ne

ar
m

od
el

ap
pr

oa
ch

to
fa

ct
or

ef
fe

ct
s

m
od

el
E

xa
m

pl
e

r
=

4,
n
=

2
ob

se
rv

at
io

ns
pe

rg
ro

up

P
ar

am
et

er
ve

ct
or

:

β
=

     

µ
.

τ 1 τ 2 τ 3 τ 4

     

D
es

ig
n

m
at

rix
:

X
=

           

1
1

0
0

0
1

1
0

0
0

1
0

1
0

0
1

0
1

0
0

1
0

0
1

0
1

0
0

1
0

1
0

0
0

1
1

0
0

0
1           

Th
e

de
si

gn
m

at
rix

is
no

tf
ul

lr
an

k
83



Li
ne

ar
m

od
el

ap
pr

oa
ch

to
fa

ct
or

ef
fe

ct
s

m
od

el

W
e

w
ill

ta
ke

th
e

ap
pr

oa
ch

of
so

lv
in

g
fo

ro
ne

of
th

e
τ

’s
in

te
rm

s
of

th
e

ot
he

rs
.

In
th

e
ex

am
pl

e,
ta

ke
τ 4

=
−
τ 1

−
τ 2

−
τ 3

P
ar

am
et

er
ve

ct
or

:

β
=

   

µ
.

τ 1 τ 2 τ 3

   

D
es

ig
n

m
at

rix
:

X
=

           

1
1

0
0

1
1

0
0

1
0

1
0

1
0

1
0

1
0

0
1

1
0

0
1

1
−

1
−

1
−

1
1

−
1

−
1

−
1           

84 85



C
ha

pt
er

17
A

na
ly

si
s

of
Fa

ct
or

Le
ve

lM
ea

ns

It
is

co
nv

en
ie

nt
to

us
e

th
e

ce
ll-

m
ea

ns
fo

rm
ul

at
io

n
of

th
e

m
od

el
fo

rt
hi

s
di

sc
us

si
on

.

To
pi

cs
:

�
In

di
vi

du
al

in
fe

re
nc

es
,e

.g
.f

or
a

si
ng

le
µ

i
or

fo
ra

di
ffe

re
nc

e
of

m
ea

ns
µ

i
−

µ
j.

�
C

on
tra

st
s

�
S

im
ul

ta
ne

ou
s

in
fe

re
nc

e

86

In
di

vi
du

al
in

fe
re

nc
es

E
x:

K
en

to
n

Fo
od

C
om

pa
ny

(S
ee

p.
60

)

P
ac

ka
ge

D
es

ig
n

C
ha

ra
ct

er
is

tic
s

1
3

co
lo

rs
,w

ith
ca

rt
oo

ns
2

3
co

lo
rs

,w
ith

ou
tc

ar
to

on
s

3
5

co
lo

rs
,w

ith
ca

rt
oo

ns
4

5
co

lo
rs

,w
ith

ou
tc

ar
to

on
s

87



C
on

fid
en

ce
In

te
rv

al
fo

r
a

fa
ct

or
le

ve
lm

ea
n

Th
e

go
al

is
as

in
th

e
on

e-
sa

m
pl

e
si

tu
at

io
n,

bu
ts

in
ce

w
e

ha
ve

da
ta

fro
m

se
ve

ra
l

gr
ou

ps
,w

e
us

e
al

lt
he

da
ta

to
es

tim
at

e
th

e
va

ria
nc

e
σ

2 ,w
ith

σ̂
2
=

M
S

E
=

S
S

E
/
(n

T
−

r)
.

B
as

ic
Fa

ct
s

1.
E
(µ̂

i)
=

µ
i.

2.
S

D
(µ̂

i)
=

σ √
n i

3.
µ̂

i
ha

s
a

no
rm

al
di

st
rib

ut
io

n.

4.
(µ̂

i
−

µ
i)

�
�

σ √
n i

�
∼

N
(0
,1
).

5.
(µ̂

i
−

µ
i)

�
�

σ̂ √
n i

�
∼

t n
T
−

r.

88

It
fo

llo
w

s
fro

m
po

in
t5

th
at

a
10

0(
1
−

α
)%

C
If

or
µ

i
is

:

E
x.

K
en

to
n

Fo
od

C
om

pa
ny

�
E

st
im

at
e

th
e

m
ea

n
sa

le
s

fo
rp

ac
ka

ge
de

si
gn

4
w

ith
a

95
%

C
I:

�
E

st
im

at
e

th
e

m
ea

n
di

ffe
re

nc
e

in
sa

le
s

fo
rp

ac
ka

ge
de

si
gn

2
vs

.p
ac

ka
ge

de
si

gn
1.

89



�
Le

t’s
co

m
pa

re
m

ea
n

sa
le

s
fo

rd
es

ig
ns

w
ith

an
d

w
ith

ou
tc

ar
to

on
s;

es
tim

at
e

th
e

fo
llo

w
in

g
co

nt
ra

st
.

L
=

µ
1
+

µ
3

2
−

µ
2
+

µ
4

2

90

N
ee

d
fo

r
S

im
ul

ta
ne

ou
s

In
fe

re
nc

e
in

O
ne

-W
ay

A
N

O
VA

W
ith

r
gr

ou
ps

,w
e

ar
e

in
te

re
st

ed
in

up
to

� r 2� co
m

pa
ris

on
s

of
m

ea
ns

,a
nd

m
ay

be
in

te
re

st
ed

in
ot

he
rc

on
tra

st
s

as
w

el
l.

M
et

ho
ds

ar
e

ne
ed

ed
to

co
nt

ro
lt

he
fa

m
ily

-w
is

e
co

nfi
de

nc
e

le
ve

lo
rs

ig
ni

fic
an

ce
le

ve
l.

In
ex

pe
rim

en
ta

ls
tu

di
es

,t
hi

s
m

ak
es

co
nc

lu
si

on
s

m
or

e
in

te
rp

re
ta

bl
e.

In
ob

se
rv

at
io

na
ls

tu
di

es
,t

he
se

m
et

ho
ds

m
ak

e
da

ta
sn

oo
pi

ng
po

ss
ib

le
.

91



W
e

w
ill

co
ns

id
er

th
re

e
m

ul
tip

le
co

m
pa

ris
on

m
et

ho
ds

:

1
Tu

ke
y’

s
st

ud
en

tiz
ed

ra
ng

e,
fo

ra
ll

po
ss

ib
le

pa
irw

is
e

co
m

pa
ris

on
s.

U
se

fu
li

n
pr

ac
tic

e.
H

as
to

be
tw

ea
ke

d
to

ha
nd

le
un

eq
ua

lg
ro

up
si

ze
s.

2
S

ch
ef

fé
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