
Pa
rt2

S
-P

lus
S

h
o

rtC
o

u
rse

–
Pa

rt2
–

T
hesenotesare

m
ostly

basedon

�

T
he

S
-P

L
U

S
m

anuals—
available

online
at

M
athS

oft’s
w

ebpage,w
w

w
.m

a
th

so
ft.co

m
,for

dow
nloads(asP

D
F

-files).A
lso

available
on

the
S

tat

D
eptC

om
puterS

ystem
(at /o

p
t/lo

ca
l/sp

lu
s5

.1
/d

o
c

,

seethe
files

u
n

ixu
g

.p
d

f
,sta

tm
a

n
1

.p
d

f
and

sta
tm

a
n

2
.p

d
f

).

�

V
enablesand

R
ipley’s

book
on

S
-P

L
U

S
:

M
o

d
e

rn

A
p

p
lie

d
S

ta
tisticsw

ith
S

-p
lu

s,S
pringer-V

erlag.S
ee

w
w

w
.sta

ts.o
x.a

c.u
k/p

u
b

/M
A

S
S

3
.
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T
he

Schedule

T
his

secondpartofthis
S

-P
L

U
S

S
hortC

oursew
ill

go

through:

G
raphics

and
E

D
A

E
xploratoryD

ata
A

nalysisthrough

graphicsin
S

-P
L

U
S

.
Tw

o
datasetsw

ill
be

used;the

toxicity
datacreatedin

part1
plus

the
dataset

fu
e

l.fra
m

e
,alreadyin

S
-P

L
U

S.

C
lassicalU

nivariate
Tests

� -test,���

-testand
other

classicalunivariatetests.

StatisticalM
odels

U
se

the
toxicity

datato
fit

m
odels

alreadydiscussedin
class,printand

plotthe
results,

and
do

basicdiagnostics.

A
ll

com
m

andsusedin
this

partare
in

the
textfile

available

on
the

coursew
ebpage:

w
w

w
.sta

t.o
h

io
-sta

te
.e

d
u

/

�

sse
s/S

ta
t6

9
3

C
-S

p
2

0
0

0
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T
he

D
atasets

W
e

w
ill

usem
ore

than
one

datasetto
explore

the
graphical

and
m

odel-fitting
capabilitiesofS

-P
L

U
S.

T
he

t
o
x

data

R
ecallthe

to
x

datacreatedin
part1:

>
to

x

d
n

r
p

1
0

.1
0

4
7

8
1

7
.0

2
1

2
8

2
0

.1
5

5
3

1
4

2
6

.4
1

5
0

9

3
0

.2
0

5
5

2
4

4
3

.6
3

6
3

6

4
0

.3
0

5
2

3
2

6
1

.5
3

8
4

6

5
0

.5
0

4
6

3
8

8
2

.6
0

8
7

0

6
0

.7
0

5
4

5
0

9
2

.5
9

2
5

9

7
0

.9
5

5
2

5
0

9
6

.1
5

3
8

5

T
his

d
a

ta
.fra

m
e

w
ascreatedby

re
a

d
.ta

b
le

—
if

for
som

ereasonit
can’tbe

found,enter:

>
to

x
<

-
re

a
d

.ta
b

le
("/h

o
m

e
/g

a
rd

a
r/p

u
b

/to
xicity.d

a
t",

+
h

e
a

d
e

r=
T

)

>
n

a
m

e
s(to

x)
<

-
c(’d

’,’n
’,’r’)

#
#

ch
a

n
g

e
n

a
m

e
s

>
to

x$
p

<
-

to
x$

r/to
x$

n
*

1
0

0
#

#
p

e
rce

n
ta

g
e

kille
d

S
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T
he

f
u
e
l
.
f
r
a
m
e

data

T
his

d
a

ta
.fra

m
e

com
esw

ith
S

-P
L

U
S

(and
is

usedin
theirm

anuals).T
he

datacontain5
variablesthatm

easure
characteristicsof60

autom
obiles:

>
d

im
(fu

e
l.fra

m
e

)

[1
]

6
0

5

>
su

m
m

a
ry(fu

e
l.fra

m
e

)

W
e

ig
h

t
D

isp
.

M
ile

a
g

e

M
in

.:1
8

4
5

M
in

.:
7

3
.0

M
in

.:1
8

.0
0

1
st

Q
u

.:2
5

7
1

1
st

Q
u

.:1
1

3
.8

1
st

Q
u

.:2
1

.0
0

M
e

d
ia

n
:2

8
8

5
M

e
d

ia
n

:1
4

4
.5

M
e

d
ia

n
:2

3
.0

0

M
e

a
n

:2
9

0
1

M
e

a
n

:1
5

2
.1

M
e

a
n

:2
4

.5
8

3
rd

Q
u

.:3
2

3
1

3
rd

Q
u

.:1
8

0
.0

3
rd

Q
u

.:2
7

.0
0

M
a

x.:3
8

5
5

M
a

x.:3
0

5
.0

M
a

x.:3
7

.0
0

F
u

e
l

T
yp

e

M
in

.:2
.7

0
3

C
o

m
p

a
ct:1

5

1
st

Q
u

.:3
.7

0
4

L
a

rg
e

:
3

M
e

d
ia

n
:4

.3
4

8
M

e
d

iu
m

:1
3

M
e

a
n

:4
.2

1
0

S
m

a
ll:1

3

3
rd

Q
u

.:4
.7

6
2

S
p

o
rty:

9

M
a

x.:5
.5

5
6

V
a

n
:

7

>w
hereD

isp
.

is
the

displacem
entofthe

engine.
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O
n
a
t
t
a
c
h

ing
d
a
t
a
.
f
r
a
m
e

s

E
verything

in
S

-P
L

U
S

is
an

o
b

je
ct,both

w
hatyou

create
and

w
hatis

therealready(functionsand
data).T

he
objects

are
storedatdifferentlocationsand

the
com

m
andse

a
rch

givesthe
w

ay
S

-P
L

U
S

se
a

rch
e

sfor
objectsthatyou

w
ant

to
use.Foran

exam
ple,in

this
S

-P
L

U
S

session:

>
se

a
rch

()
#

#
w

h
e

re
S

-P
lu

s
lo

o
ks

fo
r

o
b

je
cts

[1
]

".D
a

ta
"

"sp
lu

s"
"sta

t"
"d

a
ta

"

[5
]

"tre
llis"

"m
a

in
"

>T
hatis,firstS

-P
L

U
S

searches.D
a

ta
(yourw

orking
directoryw

hereyourobjectsthatyou
createare

stored),

then
the

sp
lu

s
location,and

so
on.

B
y

default,the
function

ls
lists

the
objectsstoredin

the
firstlocation

(position
1)given

by
se

a
rch

:

>
a

rg
s(ls)

#
#

th
e

a
rg

u
m

e
n

ts
to

ls(),
a

n
d

d
e

f.

fu
n

ctio
n

(p
a

tte
rn

,
p

o
s

=
1

)

>T
he

com
m

andls(p
o

s=
5

)
w

ould
listallobjectsin

tre
llis

;location
num

ber5
in

the
searchlist.

It
w

ill
often

be
convenientto

a
tta

ch
d

a
ta

.fra
m

e
s

to
the

searchlistso
specificcolum

nscan
be

refereedd
ire

ctly
by

S
pring

2000
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nam
einsteadofneedingto

specifyboth
the

nam
eofthe

d
a

ta
.fra

m
e

and
the

colum
n

(i.e.,insteadof
to

x$
r

just

do
r

atthe
prom

pt):

>
a

tta
ch

(to
x)

#
#

a
tta

ch
in

g
th

e
to

x
d

a
ta

.fra
m

e

>
se

a
rch

()

[1
]

".D
a

ta
"

"to
x"

"sp
lu

s"
"sta

t"

[5
]

"d
a

ta
"

"tre
llis"

"m
a

in
"

>
ls(p

o
s=

2
)

[1
]

"d
"

"n
"

"p
"

"r"

>
d

e
ta

ch
(2

)
#

#
th

e
n

d
e

ta
ch

th
e

d
a

ta
.fra

m
e

N
U

L
L

>
se

a
rch

()

[1
]

".D
a

ta
"

"sp
lu

s"
"sta

t"
"d

a
ta

"

[5
]

"tre
llis"

"m
a

in
"

>W
a

rn
in

g
:If

thereis
an

objectin
.D

a
ta

thathasthe
sam

e

nam
easone

ofthe
colum

nsin
to

x
,then

S
-P

L
U

S
w

ill
find

thatobjectfirstinsteadofusing
the

colum
n

in
to

x
.
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G
raphics

M
uch

ofexploratorydataanalysis(E
D

A
)

involvesgraphing

(visualizing)the
data.

T
hereare

tw
o

typesofgraphicsavailable
for

S
-P

L
U

S
for

U
N

IX

T
raditionalG

raphics
T

heseare
the

originaltools
for

plotting
in

S
-P

L
U

S.

T
rellis

G
raphics

library
T

his
is

a
library

offunctions

(using
the

traditionalplotting
functions)focusingon

E
D

A
in

m
ultivariatedata.

W
e

w
ill

firstlearn
how

to
usesom

eofthe
traditional

plotting
m

ethodsand
then

m
ove

to
the

T
rellis

library.

S
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T
raditionalG

raphics

P
lotsare

plotted
on

a
g

ra
p

h
ic

d
evice.

To
starta

graphic
device

in
U

N
IX

,
type

either m
o

tif()
or

tre
llis.d

e
vice

()
.In

m
ore

recentversionsof
S

-P
L

U
S

,
the

graphicdevice
is

openeda
u

to
m

a
tica

lly,if
not

openalready,w
hen

a
plotting

function
is

executed.

T
h

e
p
l
o
t

F
u

n
ctio

n
a

n
d

G
ra

p
h

A
rg

u
m

e
n

ts

T
he

m
ostbasicplotfunction

is
p

lo
t

,w
hich

createssca
tte

r
plots.M

y
firstplot:

>
a

tta
ch

(to
x)

>
p

lo
t(d

,p
)

>A
scatterplotofpercentagekilled

(p
)

versusconcentration
(d

)
is

m
ade.

V
ariousadditionala

rg
u

m
e

n
tscan

be
given

to
the

p
lo

t

function

L
abels

To
labelaxesand

give
a

title
(and

sub-title),enter:

>
p

lo
t(d

,p
,m

a
in

=
"T

o
xicity

D
a

ta
",yla

b
=

"%
kille

d
",

+
xla

b
=

"C
o

n
ce

n
tra

tio
n

",su
b

=
"(w

h
a

t
e

ve
r!)")

>
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T
ype

T
he

argum
enttyp

e
specifiesw

hatto
draw

(points,
lines

—
orboth).B

y
default,typ

e
=

’p
’

for
p

o
in

ts,
otheroptionsinclude

’l’
for

lin
e

s,’b
’

for
both

pointsand
lines

and
’n

’
for

n
o

th
in

g
—

seehelp
for

p
lo

t.d
e

fa
u

lt
:

>
p

lo
t(d

,p
,typ

e
=

"b
")

>

L
ines

and
P

oints
T

he
argum

entlty
(=

som
einteger)

giveslin
e

typ
e

(solid,dashed,etc.).lw
d

(=
som

e
integer)givesthe

lin
e

w
id

th.
p

ch
(=

any
num

ber
betw

een1
and

18
orsom

echaracter)givesthe
p

lo
ttin

g
ch

a
ra

cte
r.

ce
x

(=
a

realnum
ber)givesthe

sizeof
characters/sym

bolsrelative
to

x
.

co
l

(=
integer)gives

color.

>
p

lo
t(d

,p
,typ

e
=

"b
",lty=

3
,lw

d
=

3
,p

ch
=

1
6

,ce
x=

2
)

>—
problem

:appliesto
everything

plotted.

—
solution:build

plots
step-by-stepby

a
d

d
in

g
to

the

g
ra

p
h

ic
d

evice.

Forfurtherinform
ation

aboutthe
p

lo
t

function
and

its

argum
ents,seethe

help
on

p
lo

t.d
e

fa
u

lt
,title

and

p
a

r
.
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T
h

e
l
i
n
e
s

a
n

d
p
o
i
n
t
s

F
u

n
ctio

n
s—

a
n

d
R

e
la

tive
s

W
e

have
usedthe

p
lo

t
function

to
creategraphsin

just

one
com

m
and.N

ow
,w

e
are

going
to

build
’nice’graphsin

a
few

steps.

F
irst,updatethe

to
x

databy
addingtw

o
colum

ns:
log-transform

ationof
d

and
logit-transform

ationof
p

:

>
d

e
ta

ch
(’to

x’)

>
to

x$
lo

g
.d

<
-

lo
g

(to
x$

d
)

>
to

x$
lo

g
it.p

<
-

lo
g

(to
x$

p
/(1

0
0

-to
x$

p
))

>
to

x

d
n

r
p

lo
g

.d
lo

g
it.p

1
0

.1
0

4
7

8
1

7
.0

2
1

2
8

-2
.3

0
2

5
8

5
0

9
-1

.5
8

4
1

2
0

1

2
0

.1
5

5
3

1
4

2
6

.4
1

5
0

9
-1

.8
9

7
1

1
9

9
8

-1
.0

2
4

5
0

4
3

3
0

.2
0

5
5

2
4

4
3

.6
3

6
3

6
-1

.6
0

9
4

3
7

9
1

-0
.2

5
5

9
3

3
4

4
0

.3
0

5
2

3
2

6
1

.5
3

8
4

6
-1

.2
0

3
9

7
2

8
0

0
.4

7
0

0
0

3
6

5
0

.5
0

4
6

3
8

8
2

.6
0

8
7

0
-0

.6
9

3
1

4
7

1
8

1
.5

5
8

1
4

4
6

6
0

.7
0

5
4

5
0

9
2

.5
9

2
5

9
-0

.3
5

6
6

7
4

9
4

2
.5

2
5

7
2

8
6

7
0

.9
5

5
2

5
0

9
6

.1
5

3
8

5
-0

.0
5

1
2

9
3

2
9

3
.2

1
8

8
7

5
8

>
a

tta
ch

(to
x)

>Let’s
m

ake
a

fancy
plotusing

the
transform

edvariables:

>
p

a
r(m

a
r=

c(5
,5

,6
,5

))
#

#
ch

a
n

g
e

th
e

m
a

rg
in

s

>
p

lo
t(lo

g
.d

,lo
g

it.p
,

typ
e

=
’n

’,
#

#
p

lo
t

n
o

th
in

g

+
a

xe
s=

F
,

#
#

n
o

a
xe

s
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+
xla

b
=

’’,yla
b

=
’’)

#
#

n
o

la
b

e
ls

>
b

o
x()

#
#

m
a

ke
a

b
o

x,
d

e
f.

is
b

ty=
’o

’,
try

’l’

>
a

xis(1
)

#
#

a
d

d
a

xis
to

sid
e

1
,

b
o

tto
m

>
a

xis(2
)

#
#

a
n

d
to

sid
e

2
,

le
ft

>
lin

e
s(lo

g
.d

,lo
g

it.p
,typ

e
=

’b
’,p

ch
=

’
’,ce

x=
3

)

>
a

xis(4
,a

t=
lo

g
it.p

,
#

#
p

u
t

ticks
a

t
lo

g
it.p

+
la

b
e

ls=
ro

u
n

d
(p

,1
),

#
#

th
e

la
b

e
ls

u
se

d

+
srt=

9
0

,
#

#
ro

ta
te

th
e

la
b

e
ls

+
tck=

-p
a

r()$
tck,

#
#

ticks
in

sid
e

+
ce

x=
0

.8
,

#
#

re
d

u
ce

th
e

ch
a

ra
cte

r
size

+
m

g
p

=
c(2

,0
.5

,0
))

#
#

lo
c

o
f

(T
itle

,L
a

b
,A

xs)

>
a

xis(3
,a

t=
lo

g
.d

,la
b

e
ls=

d
,

+
tck=

-p
a

r()$
tck,ce

x=
0

.8
,m

g
p

=
c(2

,0
.5

,
0

))

>
title

(xla
b

=
’lo

g
co

n
ce

n
tra

tio
n

’,

+
yla

b
=

’lo
g

it
o

f
%

kille
d

’)

>
m

te
xt(’T

h
e

to
xicity

d
a

ta
’,

#
#

m
a

rg
in

te
xt

+
a

d
j=

0
,

#
#

a
d

ju
st

to
le

ft
(1

is
rig

h
t)

+
sid

e
=

3
,lin

e
=

4
,ce

x=
1

.5
)

>
m

te
xt(’%

kille
d

’,sid
e

=
4

,lin
e

=
2

.5
,ce

x=
0

.8
)

>
m

te
xt(’co

n
ce

n
tra

tio
n

’,sid
e

=
3

,lin
e

=
2

.5
,ce

x=
0

.8
)

>
title

(su
b

=
d

a
te

(),ce
x=

0
.5

,a
d

j=
1

)
#

#
cu

rre
n

t
d

a
te

>
a

b
lin

e
(h

=
0

,lty=
2

)
#

#
h

o
rizo

n
ta

l
lin

e
a

t
5

0
%

>
le

g
e

n
d

(lo
ca

to
r(1

),
#

#
u

se
m

o
u

se
to

p
ick

lo
c.

+
’5

0
%

kille
d

’,b
ty=

’n
’)

#
#

b
ty=

’n
’,

n
o

b
o

x

>In
addition

to
the

lin
e

s
function

usedabove,thereare
p

o
in

ts
for

pointsand
te

xt
for

text;for
exam

ple:

>
p

lo
t(lo

g
.d

,lo
g

it.p
,typ

e
=

’n
’)
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>
te

xt(lo
g

.d
,lo

g
it.p

,p
a

ste
(ro

u
n

d
(p

),
’%

’,se
p

=
’’))

>W
hatis

usedassym
bolsare

the
percentages(’17%

’,’26%
’,

etc.)createdby
the

p
a

ste
functions,w

hich
’pastes’%

to

the
percentagenum

bers(p
)

roundedto
0

(the
defaultfor

ro
u

n
d

)
digits.

D
etachthe

to
x

data

>
d

e
ta

ch
(’to

x’)

N
U

L
L

>O
th

e
rP

lo
ttin

g
F

u
n

ctio
n

s

T
hereare

num
berofplotting

functionsin
S

-P
L

U
S

.
W

e

nam
ea

few
:

b
o
x
p
l
o
t

P
roducesside

by
side

boxplots.

q
q
p
l
o
t

,q
q
n
o
r
m

and
q
q
l
i
n
e

T
he

function
q

q
p

lo
t

com
paresthe

distribution
oftw

o
sam

plesvia
a

Q
-Q

plot,q
q

n
o

rm
com

paresone
sam

plew
ith

the
n

o
rm

a
l

distribution,and
q

q
lin

e
addsa

fitted
straightline

to

the
plot.

h
i
s
t

P
lotshistogram

for
a

sam
ple.
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Tw
o

exam
plesusing

the
fu

e
l.fra

m
e

dataare:

>
a

tta
ch

(fu
e

l.fra
m

e
)

>
b

o
xp

lo
t(sp

lit(M
ile

a
g

e
,T

yp
e

),va
rw

id
t

h
=

T
)

>
q

q
n

o
rm

(M
ile

a
g

e
)

>
q

q
lin

e
(M

ile
a

g
e

)

>
h

ist(M
ile

a
g

e
)

>
d

e
ta

ch
(’fu

e
l.fra

m
e

’)

N
U

L
L

>S
eethe

help
for

thesefunctionsfor
m

ore
detailedexam

ples

and
useofargum

ents.
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T
rellis

G
raphics

T
he

T
rellis

library
is

very
handyfor

E
D

A
ofm

ultivariate

data.

T
h

e
x
y
p
l
o
t

fu
n

ctio
n

T
he

xyp
lo

t
createssca

tte
rplots.In

its
sim

plestform
:

>
xyp

lo
t(lo

g
it.p

˜
lo

g
.d

,
d

a
ta

=
to

x)

>T
hereare

tw
o

argum
entsgiven,a

fo
rm

u
la

and
d

a
ta

.

T
he

form
ula

specifiesw
hatto

plot,in
this

caselo
g

it.p

versuslo
g

.d
,and

the
d

a
ta

argum
ent,a

d
a

ta
.fra

m
e

object,saysw
hereto

find
the

variables.

O
therargum

entsof
xyp

lo
t

,and
in

generalofT
rellis

plotting
functions,are

xla
b

and
yla

b
,m

a
in

and
su

b
(as

in
the

p
lo

t
function).To

controlhow
and

w
hatto

plot,the

argum
entstyp

e
,p

ch
,lty

,lw
d

and
ce

x
can

allbe
given.

Form
ore

inform
ation,seethe

help
for

xyp
lo

t
,w

herea

detailedexam
pleis

given,and
tre

llis.a
rg

s
,w

here

variousoptionsfor
argum

entsare
given.
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C
o

n
d

itio
n

in
ga

n
d

O
th

e
rP

lo
ttin

g
F

u
n

ctio
n

s

T
he

realpow
erofT

rellis
plotting

functionsis
obvious

in
the

follo
w

ing
exam

ples:

>
xyp

lo
t(M

ile
a

g
e

˜
W

e
ig

h
t

|
T

yp
e

,
d

a
ta

=
fu

e
l.fra

m
e

)

>W
hatis

plotted
is

M
ile

a
g

e
versus( �

)
W

e
ig

h
t

co
n

d
itio

n
a

l(|
)

on
T

yp
e

;thatis,thereare
6

typesof

autom
obilesand

therefore6
p

a
n

e
lscreatedon

the
graphic

device,and
a

scatterplotm
adew

ithin
eachpanelfor

one

type
ofautom

obile.

A
few

otherT
rellis

functionsare:

>
b

w
p

lo
t(T

yp
e

˜
M

ile
a

g
e

,
d

a
ta

=
fu

e
l.fra

m
e

)
#

#
b

o
xp

lo
t

>
h

isto
g

ra
m

(˜
M

ile
a

g
e

|
T

yp
e

,
d

a
ta

=
fu

e
l.fra

m
e

)

>
q

q
m

a
th

(˜
M

ile
a

g
e

|
T

yp
e

,
d

a
ta

=
fu

e
l.fra

m
e

)

>A
gain,seethe

help
files

for
m

ore
detailedexam

plesusing

the
functionsabove.

P
rin

tin
g

a
n

d
E

xp
o

rtin
g

G
ra

p
h

s

To
printthe

graphshow
n

on
the

g
ra

p
h

ic
d

evice,select
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P
rin

t
underG

ra
p

h
in

the
graphicdevice

w
indow

—

don’ttry
this

now
(it

w
ill

printon
the

printerin
C

H
-341).

It
is

easyto
exporta

graphto
a

p
o

stscrip
tfile

(w
hich

can
be

convertedto
p

d
ffile,if

needed).E
xam

ple:

>
tre

llis.d
e

vice
(p

o
stscrip

t,file
=

’m
y

p
lo

t.p
s’,

+
h

o
rizo

n
ta

l=
T

)

>
xyp

lo
t(M

ile
a

g
e

˜
W

e
ig

h
t

|
T

yp
e

,
d

a
ta

=
fu

e
l.fra

m
e

)

>
d

e
v.o

ff()

G
e

n
e

ra
te

d
p

o
stscrip

t
file

"m
yp

lo
t.p

s".

m
o

tif2

>T
he

file
m

yp
lo

t.p
s

is
then

createdin
the

sam
efolder

w
hereS

-P
L

U
S

w
asstarted.

T
hosew

ithoutaccessto
the

S
tatD

eptC
om

puterLab

(C
H

-341)needto
F

T
P

the
graphicfile(s)to

a
com

puter

w
ith

accessto
a

printerand
then

use A
d

o
b

e
’s

A
cro

b
a

t

R
e

a
d

e
rto

view
and

printouta
hard-copy.To

do
so,

�
Q

uitS
-P

L
U

S
(type

q
()

atthe
prom

pt).
�

C
reatea

pdffile
by

typing
atthe

U
N

IX
prom

pt:

p
s2

p
d

f
m

yp
lo

t.p
s

m
yp

lo
t.p

d
f
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�

U
se

an
F

T
P

program
on

yourcom
puter

(P
C

/M
ac/U

N
IX

)and
connectto

ftp
.sta

t.o
h

io
-sta

te
.e

d
u

and
type

in
your

S
tatD

eptusernam
eand

password.Forexam
ple,the

F
T

P
program

on
the

M
acsis

Fe
tch.
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’C
lassical’,U

nivariate,Tests
in

S
-P

L
U

S

T
he

available
univariatetestsfunctionsare:

b
in

o
m

.te
st

ch
isq

.te
st

co
r.te

st
fish

e
r.te

st

frie
d

m
a

n
.te

st
kru

ska
l.te

st

m
a

n
te

lh
a

e
n

.te
st

m
cn

e
m

a
r.te

st

p
ro

p
.te

st
t.te

st

va
r.te

st
w

ilco
x.te

st

>

E
xam

ple:
t-test

A
s

an
exam

ple,testif
the

m
eanm

ileageofm
edium

-sized

carsis
differentthan

thatofsportycars,using
the

datain

fu
e

l.fra
m

e
.T

his
testcan

be
carriedoutw

ith
the

function
t.te

st
,w

hich
hasthe

follo
w

ing
argum

ents:

>
a

rg
s(t.te

st)

fu
n

ctio
n

(x,
y

=
N

U
L

L
,

a
lte

rn
a

tive
=

"tw
o

.sid
e

d
",

m
u

=
0

,
p

a
ire

d
=

F
,

va
r.e

q
u

a
l

=
T

,

co
n

f.le
ve

l
=

0
.9

5
)

N
U

L
L

>
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T
he

function
can

com
paretw

o
sam

ples,x
and

y
(pairedor

not),orjustone
sam

ple,x
,to

a
given

m
ean,m

u.

O
urexam

ple:

>
a

tta
ch

(fu
e

l.fra
m

e
)

>
t.te

st(M
ile

a
g

e
[T

yp
e

=
=

’M
e

d
iu

m
’],

+
M

ile
a

g
e

[T
yp

e
=

=
’S

p
o

rty’],

+
va

r.e
q

u
a

l=
F

)
#

#
a

ssu
m

e
u

n
e

q
u

a
l

va
ria

n
ce

W
e

lch
M

o
d

ifie
d

T
w

o
-S

a
m

p
le

t-T
e

st

d
a

ta
:

M
ile

a
g

e
[T

yp
e

=
=

"M
e

d
iu

m
"]

a
n

d

M
ile

a
g

e
[T

yp
e

=
=

"S
p

o
rty"]

t
=

-2
.7

9
6

8
,

d
f

=
8

.4
7

8
,

p
-va

lu
e

=
0

.0
2

2

a
lte

rn
a

tive
h

yp
o

th
e

sis:

tru
e

d
iffe

re
n

ce
in

m
e

a
n

s
is

n
o

t
e

q
u

a
l

to
0

9
5

p
e

rce
n

t
co

n
fid

e
n

ce
in

te
rva

l:

-7
.6

8
5

1
6

1
9

-0
.7

7
6

3
7

6
5

sa
m

p
le

e
stim

a
te

s:

m
e

a
n

o
f

x
m

e
a

n
o

f
y

2
1

.7
6

9
2

3
2

6

>
d

e
ta

ch
(’fu

e
l.fra

m
e

’)

N
U

L
L

>T
hatis,the

tteststatisticis
-2.80,w

ith
8.478degreesof

freedom
,resultingin

a
p-value

of0.022.T
hatis,the
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hypothesis �
� 	

 �
�




is
rejectedat�

-level �
� %

—
as

can
also

be
seenby

observingthatthe
95%

confidence

intervalfor
¯���

¯�

doesnotcontainzero.
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M
odels

L
inear

R
egression:

the
l
m

function

T
he

lm
function

in
S

-P
L

U
S

fits
lin

e
a

rm
o

d
e

ls(m
u

ltip
le

reg
re

ssio
n ).

U
n

w
e

ig
h

te
dL

og
itA

n
a

lysis(U
L

A
)

A
s

an
exam

ple,fit
U

L
A

m
odelto

the
to

x
data(asdonein

class).T
hatis,to

fit
the

m
odel:

log

�

� �
��� �
� �
�

�
�
�
�

log� ��
� �
��
 
! �
� """
 #
 

w
herethe� �

’s
are

the
percentagekilled,��

�

log� ��
� is

the

log
concentration,and��

�

N

� � $ �
� ,independently.T

hat

is,U
LA

reducesto
sim

p
lelin

e
a

rreg
re

ssio
n.

>
u

la
<

-
lm

(lo
g

it.p
˜

lo
g

.d
,

d
a

ta
=

to
x)

>
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T
he

firstargum
entis

a
fo

rm
u

la,specifyingthe
m

odelto
fit,

and
the

secondone
is

a
d

a
ta

.fra
m

e
w

herethe
variables

can
be

found
(optionalargum

ent).

In
the

form
ula

lo
g

it.p

�

lo
g

.d
,the

responsevariable
is

to
the

leftof �

sym
bol,and

explainatoryvariableson
the

rightside
ofthe

sym
bol.W

e
give

a
few

exam
plesabout

how
to

specifydifferentm
odelsin

S
-P

L
U

S.
Lety

be
a

num
ericalresponsevariable,and

v
and

t
be

tw
o

num
erical

explainatoryvariables;then:

�

fo
rm

u
la

=
y

�

-1
+

v
,is

the
m

odel

� �
�
� %�
�
��

(no
intercept).

�

fo
rm

u
la

=
y

�

v
+

t
,is

the
m

odel

� �
�
�
�
� & %�
�
� �
��
�
��

.

�

fo
rm

u
la

=
y

�

v
+

t
+

v:t
,is

the
m

odel

� �
�
�
�
� & %�
�
� �
��
�
� ' %�
��
�
��

It
is

also
possibleto

useca
teg

o
rica

l(a
variableofclass

fa
cto

r
in

S
-P

L
U

S
)

to
specifyform

ulas.Forexam
ple,if

A
is

a
factorvariablein

S
-P

L
U

S
w

ith
3

levels,then
the

form
ula, y

�

A
+

v
,is

the
m

odel� �
(
�
�(
�
� %�
(
�
��

(differentinterceptfor
eachlevelof

A
).T

he
form

ula,y

�

A
+

A
:v

,fits
a

differentinterceptand
slopefor

eachlevel.
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T
he

objectcreatedby
lm

is
ofcla

sslm
,w

ith
functionsto

p
rin

t
,createa

su
m

m
a

ry
,and

p
lo

t
the

resultingfit
(the

lm
object):

>
u

la
#

#
th

e
p

rin
t-o

u
t

C
a

ll:

lm
(fo

rm
u

la
=

lo
g

it.p
˜

lo
g

.d
,

d
a

ta
=

to
x)

C
o

e
fficie

n
ts:

(In
te

rce
p

t)
lo

g
.d

3
.2

1
2

5
0

5
2

.1
6

6
4

8
2

D
e

g
re

e
s

o
f

fre
e

d
o

m
:

7
to

ta
l;

5
re

sid
u

a
l

R
e

sid
u

a
l

sta
n

d
a

rd
e

rro
r:

0
.1

5
2

1
5

6
4

>
su

m
m

a
ry(u

la
)

#
#

th
e

su
m

m
a

ry

C
a

ll:
lm

(fo
rm

u
la

=
lo

g
it.p

˜
lo

g
.d

,
d

a
ta

=
to

x)

R
e

sid
u

a
ls:

1
2

3
4

5
6

0
.1

9
1

9
-0

.1
2

6
9

0
.0

1
8

3
8

-0
.1

3
4

1
-0

.1
5

2
7

0
.0

8
5

9
5

7

0
.1

1
7

5

C
o

e
fficie

n
ts:

V
a

lu
e

S
td

.
E

rro
r

t
va

lu
e

P
r(>

|t|)

(In
te

rce
p

t)
3

.2
1

2
5

0
.1

0
4

0
3

0
.8

9
5

3
0

.0
0

0
0

lo
g

.d
2

.1
6

6
5

0
.0

7
4

7
2

8
.9

8
9

6
0

.0
0

0
0
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R
e

sid
u

a
l

sta
n

d
a

rd
e

rro
r:

0
.1

5
2

2
o

n
5

d
e

g
re

e
s

o
f

fre
e

d
o

m

M
u

ltip
le

R
-S

q
u

a
re

d
:

0
.9

9
4

1

F
-sta

tistic:
8

4
0

.4
o

n
1

a
n

d
5

d
e

g
re

e
s

o
f

fre
e

d
o

m
,

th
e

p
-

va
lu

e
is

9
.1

5
3

e
-0

7

C
o

rre
la

tio
n

o
f

C
o

e
fficie

n
ts:

(In
te

rce
p

t)

lo
g

.d
0

.8
3

3
1

>
p

a
r(m

fro
w

=
c(2

,3
))

#
#

2
ro

w
s

a
n

d
2

co
l

o
f

p
lo

ts

>
p

lo
t(u

la
)

#
#

g
e

t
6

p
lo

ts
o

n
o

n
e

p
a

g
e

.

>T
he

functions co
e

f
,fitte

d
and

re
sid

can
be

usedto

extractthe
estim

atedcoefficients,fitted
values,and

residuals,respectively,from
the

lm
objectu

la
(e.g.,enter

fitte
d

(u
la

)
).

To
com

puteLC
50

for
this

data()*
��
�

exp� �
�+� � )

>
co

<
-

co
e

f(u
la

)

>
co

#
#

ju
st

to
sh

o
w

w
h

a
t

it
d

o
e

s...

(In
te

rce
p

t)
lo

g
.d

3
.2

1
2

5
0

5
2

.1
6

6
4

8
2

>
lc5

0
<

-
e

xp
(-co

[1
]/co

[2
])

>
lc5

0

(In
te

rce
p

t)

0
.2

2
6

9
9

6
5

>
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To
plotthe

observed
dataand

the
fitted

line
(along

w
ith

the
LC

50):

>
p

a
r(m

fro
w

=
c(1

,1
))

#
#

o
n

e
p

lo
t

o
n

d
e

vice

>
p

lo
t(to

x$
lo

g
.d

,
to

x$
lo

g
it.p

,

+
xla

b
=

"lo
g
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