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M
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d
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p
m
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n
t

5
.1

T
h
e

T
a
sk

a
W
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variables
shall

app
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in
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m
odel

form
ula

in
w

hich
form
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b
E
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onstruction

C
ost
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E
xplanation

T
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T
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K
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am
ount

log
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ount

log
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D
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–
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F
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binary
–

N
E

S
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in
N

E
of
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U

S
binary

–
K
T

C
ooling

tow
er

binary
–

B
W

R
eactor
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B
ab
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ilcox

binary
–

N
N

um
b
er

of
plants

built
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the
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e
architects/engineers

earlier,
+

1
count

sqrt
K
G

P
artial

price
guarantee
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the

project
leading

enterprise
binary

–
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F
irst

aid
transform

ations:

d
lo

g
1
0 〈
K〉

=
β
0
+

β
1
lo

g
1
0 〈
G〉

+
β
2
D
+

β
3
W
Z
+

β
4
B
Z

+
β
5
Z
+

β
6
N
E
+

β
7
K
+

β
8
B
W
+

β
9 √

N
+

β
1
0
K
G
+

F
ehler

e
A

single
term

•
t

test
for

a
β

j

•
factor

(nom
inal

variable)

−→
F

test
for

several
β

j

D
oes

a
signifi

cance
test

m
ake

sense
in

this
context?
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C
oeffi

cients:
V
alue

S
td.

E
rror

t
value

P
r(>

|t|)
S
ignif

(Intercept)
-6.02586
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0.018
*
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0.13713

5.05
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*
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N

E
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0.004
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T
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B
W
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0.04537

0.28
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sqrt(N
)
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K
G
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-1.79
0.088

.
S
ignif.
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0

‘***’
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‘*’
0.05
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0.1
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’
1



72

5
.2

A
u
to

m
a
tic

M
o
d
e
l
S
e
le

c
tio

n

a
S
tepw

ise
backw

ards
b

delete
W
Z

!

delete
B
W
,

B
Z
,
Z
,

√
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C
oeffi
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S
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E
rror

t
value

P
r(>

|t|)
S
ignif

(Intercept)
-3.4612
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0.005
**

log10(G
)
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0.000

***
D

0.0610
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3.82
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***
N

E
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*
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G
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5
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all
subsets.

f
C
riteria

1.
” C

oeffi
cient

of
D

eterm
ination”

R
2

or
m

ultiple
correlation

R
,

2.
V
alue

of
F

test
statistic

for
the

m
odel,

3.
P

value
for

F
test,

4.
E
stim

ated
variance

of
error

σ̂
2,

g

5.
“A

djusted”
coef.

of
det.:

R
2a
d
j
=

1
−

n−
1

n−
p
′ (1

−
R

2)

6.
C

p
:=

S
S
Q

(E
)/

σ̂
2m

+
2
p ′−

n
=

n
(M

S
E
/
σ̂

2m
−

1
+

2
p ′/

n
) ,

7.
A
kaike’s

Inform
ation

criterion
A
IC

≈
C

p .

L
arger

m
odel

are
not

alw
ays

b
etter!
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5
.2h

C
p

in
the

exam
ple:

A
dd

K
T

and
√
N!

P
value

for
K
G
:
0.049.

i
Is

the
b
est

m
odel

the
true

m
odel?

C
onsider

several
m

odels
as

the
result

of
the

analysis

A
m

ong
all“good”

m
odels

choose
one

or
m

ore
suitable

one(s)

by
plausibility

and
subject

m
atter

know
ledge!

E
xploratory

data
analysis

w
ill

N
O

T
fi
nd

the
“true”

m
odel

but
several

w
hich

fi
t

the
data

w
ell.
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L
asso

P
enalized

R
egression

Q
〈
β
;
λ 〉

=
∑

i R
2i
+

λ
∑

j |β
∗j |

.

λ
:
w
eight

of
p
enalty

V
ariation

of
λ

−→
som

e
coeffi

cients
=

0

−→
M

odel
selection
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C
o
llin

e
a
rity

a
M

odelY
=

X
β

+
E

X
is

singular,
X

(j
)’s

collinear
if

X
singulär

⇐
⇒

d
e
t〈

X
〉
=

0

⇐
⇒

es
gibt

c
m

it
X

c
=

0
(c
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0
)

⇐
⇒

es
gibt

ein
j

m
it

x
(j

)
i

=
c̃
0
+

∑k6=
j

c̃
k x

(k
)

i

P
aram

eter
not

unique
since

X
β

=
X

(β
+

γ
c),

γ
b
eliebig

b
S
olution:

D
elete

a
colum

n!
C
aution:

Interpretation
of

param
eters

m
ay

change!
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A
pproxim
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param
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determ
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5
.3d

L
arge

standard
errors

of
estim

ates
−→

coeffi
cients

insignifi
cant

e
H

ow
to

detect
collinearity?

–
S
tandard

error
of

the
β̂

j ’s

–
Is

there
a

relation
x
(j

)
i

≈
c̃
0
+

∑
k6=

j
c̃
k x

(k
)

i
?

=
R
egression

problem
!
C
oeffi

cient
of

determ
ination

R
2j

or
variance

infl
ation

factor
V
IF

j
=

1
/
(1

−
R

2j )



80

5
.3f

W
hat

rem
edies

against
collinearity?

–
C
hoice

of
exp

erim
ental

conditions,

g
–

linear
transform

ation
of

x
su

p
j’s,

e.g.,
sum

and
diff

erence

or“m
ore

im
p
ortant”

variable
plus

residuals
of

the
other

one.

h
–

delete
variable

w
iht

highest
R

2j !
(U

sually
insignifi

kant!)

i*
” R

idge
R
egression”
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S
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l
D

e
v
e
lo

p
m

e
n
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a
M

odel
selection

is
an

interplay
b
etw

een

•
available

know
ledge

from
subject

m
atter

&
statistics,

•
R
esidual

analysis,
” detektive

w
ork”,

•
autom

atic
m

odel
selection

procedures,

•
R
esidual

analysis,
” detektive

w
ork”,

•
P
rinziple

of
sim

plicity,

•
A
ssessm

ent
of

plausibility
and

critique
by

subject
m

atter
know

ledge .
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1
.

“F
irst

aid”
T
ransform

ations.

2
.

A
large

m
odel

•
all

variables,

•
R
esult

of
a

stepw
ise

forw
ard

selection

3
.

E
xam

ination
of

the
R
andom

part:

•
O

utliers
in

residuals,

•
D

istribution
of

residuals,

•
E
quality

of
variances,

•
Indep

endence
of

errors.
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It
m

ay
b
e

w
arranted

in
view

of
the

results
to

•
transform

the
target

variable,

•
introduce

w
eights,

•
use

robust
m

ethods
(if

not
done

routinely)

4
.

N
on-linearities.

5
.

A
utom

atic
m

odel
selection

6
.

A
dd

variables

7
.

Interactions
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8
.

Infl
uential

observations

9
.

C
ritique

by
subject

m
atter

know
ledge

1
0
.
E
xam

ine
fi
t

1
1
.
R
evision

1
2
.
C
heck

deleted
term

s
again

C
elebrate!
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5
.4b

E
xam

ple
construction

cost

Q
uestion:

D
oes

price
guarantee

help?

D
etective

w
ord

gives
the

m
ost

convincing
answ

er!
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M
e
ssa

g
e
s

M
odel

developm
ent

1.
A
tom

atic
m

odel
selection

procedures
are

a
helpful

tool
but

do
not

fi
nd

“the
truth!”

2.
M

odel
selection

is
an

interplay
b
etw

een

•
available

know
ledge

from
subject

m
atter

&
statistics,

•
R
esidual

analysis,
” detektive

w
ork”,

•
autom

atic
m

odel
selection

procedures,

•
R
esidual

analysis,
” detektive

w
ork”,

•
P
rinziple

of
sim

plicity,

•
P
lausibility

&
critique

by
subject

m
atter

know
ledge.


