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6.2 Factors

e Not so simple case: Factor with >2 |levels

e.g. blood type, eye color, college
eg. GPA= B,+p,C+e

C =College =

m. |

» Is it reasonable? NR : P”UM
o Fl>o -% ce <V
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6.2 Factors

e Factor with d levels

The factor rule:

¢ A factor with d levels can be represented by (d-11
dummy variables and the intercept.

How to use dummy variable?

€.g. GPA = Bg+B1Cyct B2Cpna + B3Cne tE
0——not UC 0——not NA 0 ——not NC
‘NA — NC

CU[‘ =

i e 1-—NA 1-—NC

» Essentially, we model each group with a separate mean.
» Bo=E(GPA|CC), Bo+ B,=E(GPA|UC), B+ B,=E(GPA|NA)
Eﬂ"' B3=E(GPA|NC)
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6.2 Factors

Constant

Example (Sleep data, sleep1.txt)

assumption ok

Y = total hours of sleep |

X =D = danger of species = 1 to\ 5 T 1|
""‘\—-_- ?q N R
| ospadc) T

Model:, TP (o sthie

]
1 2 3 4 5
Danger index
. TnS [ D — IID + }j-". U-‘, -+- '.l"} '1 U‘l‘ + 3}4 U4 + 1}1; Uq FIi. 63 Total sleep versus danger imdex for the sleep dnla.
— & - | s L] - -
Res u |t 5 Estimate Sid. Error r-value Pri =) |
(b)) Mean function (6.16)
Intercept 13.0833 (.85881 14.73 0.0000
U, ~1.3333 13427 ~0.99 0.3252
[ —2.7733 1. 4860 —1.87 0.0673
[y =4.2722 1.5382 =278 0.0076
Lis -4.0119 1.6783 -3.37 L0000
Dol - T T
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D = danger of species = 1t0o 5. _ | |
£ 151
§ : !
2 10
LTS | spewd)=Ts ot
. =+t L
del: P, E('3| spained) = Lo 11 ——
(:rs ]%3) 4” 13 Danget
E(IS5|D) = r}g =+ 12 U 2+ 13 U 3 4+ naUs + n5Us FIG. 65 Total seep versus dange
"" UIt: Estimate Std. Error f-value Pr(=|t])
(b) Mean function (6.16) &T-s %1
Intercept &l J30833 'FH' 0.8881 14.73 0.0000
U, - —]. 1111(—[ 1.3427 —0.99 - 0.3252
Us- ’Ll —._ ]—1Hf‘nl} —1.87 0.0675 | @3
Uy — 2722 .I..ehl“'ﬁxs* 378 0.0076=
Us —9.0119 é 1.6783 ~537 0.0000
Pyen B-D buk 1 dmifick
hv LE.SS EH‘M@ Sum Sq Mean Sq F-value Pr(=F) o

11,68 % 8.27 in | | t
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I= total hours of sleep Vo i
- . — 20 p | ' i
D = danger of species=1to 5. | ¢ . .
-— i E 15 1 . ! '
E : : 1 *
RS I T
| = * [ !
| : L1 ;
d el E { 2 3 4 5
Danger index
D) = 1o -+ HEU 2 -+ 13 'U 3 -+ 14 U-'J, + s {j 5 oos B it e ks ol bon S
" u It: Estimate Std. Error t-value Pr(=t|)
(b) Mean function (6.16)
lnlcrr:cpl 13.0833 (.8&8x] 14.73 OO0
L —1.3333 1.3427 —0.99 0.3252
Us —2.7733 1.4860 —1.87 0.0675
Uy —4.2722 1.5382 -2.78 0.0076
Us —9.0119 1.6T83 =537 0.0000
e
b -
M Df Sum Sq Mean Sq F-value Pri=F) TS' Fﬂfe_l
D 4 457.26 114.31 8.05 2.0000 11 )
Residuals 53" 752.41 14.20 s o TS
'—
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Instead of

e Remark 2

Convenient for interpretable paramete

s

' E(TSID) = BiUy + BaUs + B3Us + BaUs + B5Us

Convenient for comparing mean functions
et parng

E(TS|D) = no + n2Uz + 13Uz + n4Us + nsUs

The majoﬁiﬁérenée Is In the interpretation of estimates:

B,= the mean of group k

n«= the mean of group k over group 1

This is an example GQQANOVA — OU'WM AN VA

Fit a separate mean for level of a factor. with Ca U

« Null model -- H,: All groups have the same mean, i.e. n,=0, for s=0

« Alternative -- _A:‘Not all groups have the same mean, i.e. somen, 70

1169 8.2T in
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e Example (Sleep data, sleep1.txt)

1,
Y = total hours of sleep g;g ,H

X; =D = danger of species = 1 to 5.
X, = Body weight - =00
e Model 1 (Full model) BTSN 1.1 75003

E(TS|log(BodyWit) = x, D = j) = no + mx + Z (nojU; +m;jUjx)

Model 2 (Parallel regression) @fﬂpL msm) =2 d]-ﬂ -P.u.'t
E(TS[log(BodyWt) = x, D = j) = no + 1.8 + Z (rm Uj-}6
* Model 3 (Common intereept) (Sloya e JL'.H@L@ = | J e
E(TS|log(BodyWi) =x, D = j)=no+ mx + Z ( r}|jUj.x:)
T

Model 4 (simple regression, ignoﬁp effectof D) /=2 :
E(TS|log(BodyWt) = x, D = j) = no + mx A

| [ 1 i
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6.2 General Cases — add more predictors

e Implementation
e Model 1 (Full model)

d
E(TS|log(BodvyWi) = x, D = j) = no + mix + Z (ijﬂ +m;Ujx

Row dobn |

Janimal [ TS | D Uy |Us |Us |Us | X (BodyWt) |UX |UsX |UX | UsX

1 4.1 2 1 ] o o 51 51 0 0 0

2 5.3 1 o ] o o 62 0 0 0 0

3 3.0 3 0 1 o o 23 0 23 0 0

4 B.7 5 0 0 o 1 70 0 0 0 70
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6.2 General Cases — add more predictors

Model 1 (Full model) .
EiTSlog(BodwWiy=x, D= ji=m+mx + E{H‘u_f[ﬂ + ni; U x)

e Model 2 (Parallel regression) 3
E(TS|log(BodyW1) = x. D = j) = no +nmx + 3 (10;U; )
® Model 3 (Common intercept) J:_' 3
E(TSlog(BodvyWh) = x. D= ji =+ mx + Z {mjUjx) ,Vl 1 e
e Model 4 (simple regression, ignore effect DFD]

EIT.fhllng.iBrJ{h 'r‘r’f} =x,.D=j)=nm+ma

® Model Selection using F- test:

TABLE 6.2 Residual Sum of Squares and df for the Four Mean
Functions for the Sleep Data i

df RES F F(=F)
Model 1, most general 48 S55.46
Model 2, parallel 52 581.22 0.33" o0.857"
f ¥ Model 3, common intercept 52 T09.49 .06 o.oz2sk
™ Model 4, all the same 56 866.23  3.19  0.006=" {0 =
: g
YQ 5 - 555 4
(RSSy — RSS)(dfy — dfy) i e

Hadel
‘h—-—-:’ f:? S 5 i} 5 10 .' ' ' '
l El /3, q. RSS ! /dfl () Egmun intercept Rt {d) Comman regression %H
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Asian_elephan

4000

Brain weight (g)
I

1
! I | | \
0 1000 2000 3000 4000 5000 6000 “AD¥Y
Body weight (kg)
FIG. 7.1 Plot of BrainWt versus BodyWt for 62 mammal species. ga kj

X 14o
L] n 1 -”ag
@ |s linear regression appropriate? /
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/.1. Transformation E

N I 167}

" o
2 e 3
=
.#f
B 1600 W00 WoD 400d 5000 GODO i iy - SAS—————
Body wesgr (gl 4 -2 2 4608

£rx)

e The assumption of linear relationship d‘oes not always hold

e \We can transform
The predictor-

The response
Both

to achieve the linear relationship

!
Page . -
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e Power transformation;‘(- - ; AER (—NE'/-uz.)
w(U,2)=U"]

- o Want a linear relationship
w(BrainWt,A) = a+ Py (BodvWt, A)+e

e
Ty 2 |
1A - i“ o A= 5 =
Tigr Cilggxe e eV TXEFRAE e
(@ ® b) 0 (i.e. log U) l#j e f. L
7] S c) 0.33 & iy dafinigion

05 € ¥ = ot 445 ve
e \Which A will you choose?

y | Recording \ »
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Interpretation

w(BrainWt,A)=a+ Py (BodyWt,A)+e

e A>0
(BrainWt)" = a + f(BodyWt)" +e

Artificial , usually has no physical meaning

® A =0 log transformation
Corresponding to a physical model — allc:-metric mode|

= BrainWt = tfl(BOdyW'f)ﬁfé\ &

1169 8.2T in
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log(BrainWt) = g+ [ log(Body Mr) +e

e em

€ & expmabiin

Illultiplicative error laadhe,
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