Sample Means

The model provides estimates

20 the drug means are;
Drug =965+ 93=105.8
DrugB=965+07=972
Drug C=%56.5
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Module 32: Multiple Regression

This module reviews sinple linear regression and

then discuses multiple regression.  The next module
contains several examples.

SWEOOLWEL O ey T imoss 11 He. O
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Module Content

A, Review of Simple Linear Regression
BE. Multiple Regression

C. Relationship to ANOVA and Analysis of
Covariance
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A. Review of Simple Linear Regression

Titme DEF
Patient A i
1 [ 72
2 5 fifh
3 100 70
&4 15 fd
5 20 fifs
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Time DBEF
Patient X b 3 s Xy
1 0 T2 0 5,124 0
2 5 il 25 4354 330
E 10 il 100 4,200 g
4 15 64 225 406 94l
5 Ll 66 400 4356 1330
iyl &l ada A JAERAN0 E510
Ivkan 10 &l6
5D 191 329
5 430 45220 55(x -0
[ 028
a 70.4

FEies
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o 55 -
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§=704-0.28x

10

Mirtes x

20
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ANOVA

SO & df 55 Iz F
Fegrescion 1 19.4 19 4 249
Fecidaal 3 236 T.8%

Taotal 4 X

35¢ Total) = S56)= 43 .2
SS(Regression) = b 5503 = (-0.2890- 700 = 19 &

35{Residual) = 55¢ Total) — SSRegressiom) = 432 - 19.6= 23 .6
F= MSFReession) / MAFesitnal) = 249 Fyge (1, 31= 10,13

Accept Hy: =0 since F=2 49 < Fge (1,3)= 10.13

[ Al Fezgression) _ 19 & —( 4537
a0, Tetal) 4352

Fded



B. Multiple Regression

For sumnple linear regression, we used the formula
for a straight line, that 15, we used the model.

Y=o+ px

For multiple regression, we include more than one
independent variable and for each new independent

variable, we need to add a new term to the model,
such as:

e L L O o R R B C T
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Population Equation

The population equation 15

T=Pgt+px thant . Ry

the 3’5 are coefficients for the independent
varigbies 1n the true or population equation and
the ¥'s are the values of the independent
variables for the member of the population.
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Sample Equation

The sample equation 13:

e R R e AL

where j‘rj reprezents the regression estimate of
the dependent variable tor the jth member of
the zample and the b’s are estimates of the p’s.
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The Multiple Regression Process

The process involves using data from a sample to
obtain an overall expression of the relationship
between the dependent variable v and the
independent variables, the x's.

This 15 done 1n such a manner that the impact of the
relationship of the x's collectively and individually
on the value of v can be estimated
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The Multiple Regression Concept

Conceptually, multiple regression 15 a straight forward
extension of the sunple linear regression procedures.

Simple linear regression 15 a bivariate situation, that s,
it involves two dumensions, one for the dependent

variable ¥ and one for the independent variable x

Multiple regression 15 a multivariable situation, with
one dependent variable and multiple independent
variables
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CARDIA Example

The data in the table on the following slide are:
Dependent Variable
v = EBMI
Independent Variables
%) = Age in years
%, = FFNUML, a measure of fast food usage,
%, = Exercise, an exercise intensity score
%, = Beers per day
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OB% AlGE Bhdl FFHIM  EXERCISE BEER
1 X 242 0 Gzl 3
i A 202 9 201 G
3 X 281 17 2401 10
o 27 227 1 GEY )
) X 254 [ 1,140 12
G 2 224 3 345 9
I X 232 1 10 145
2 X 20 3 0 a3 11
9 2 25 1 354 0
10 X 212 3 432 2
11 X 2203 ) 1462 13
12 > 230 2 GaY 1
13 X 26 3 o 280 i
14 2 222 1 44 )
15 2 190 0 GEd o
16 27 20 & i a4 3
17 X 204 2 240 I
12 . 26 4 14 o L 11
149 2 28 f 11 285 12
il X 205 2 240 ]

Tatal G5 492 3 a1 10925 14
fukzan 315 24 }.fi G G &2
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One df for each mdependent variable m the model

N =
= =

N\¢7

LY
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17
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The Multiple Regression Equation

We have,
by=10478, b, =0084, bh,=0422,
by =-0001, b,=0326

0

1

it =10472+ 0084 + 0422x%, — 0.001%,+ 0.326%,
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The Multiple Regression Coetlicient

The interpretation of the multiple regression
coefficient 15 simular to that for the simple linear
regression coefficient, except that the phrase
“adjusted tor the cther termms in the model” should be
added.

For example, the coefficient for Age 1n the model 15
by = 0.084, for which the interpretation 1s that for

every urut mncrease in age, that 15 for every one vear
increase in age, the BWI goes up 0.084 units,

adjusted for the other three terms in the model.
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Global Hypothesis

The first step 15 totest the global hypothesis:
Hoi pi=pa=FEa=pi=0
vs Hy ByER Sp &p,®0

The ANOWV A highlighted in the green box at the top
of the next slide tests this hypothesis;

F=1433 > Fyqadd, 15 =3.06,

50 the hypothesis 15 rejected. Thus, we have
evidence that at least onof the B, (5 0.
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En cris cibE Warisess
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=1 * I} 1 b d d.11alE = e | Bt 1.0
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Variation in BMI Explained by Model

The amount of variation in the dependent variable,
EMI, explained by its regression relationship with the
four independent variables 13

R2 = 28(Model/SS(Total) = 273 75/345.13
= 0,79 or 79%
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Tests for Individual Parameters

It the global hypothesis 15 rejected, 1t 15 then

appropriate to examine hypotheses for the individual
parameters, such as

Hy B;=0wvs Hy: B;E0

P =0.6827 for this test 15 greater than o = 0.05,
sowe accept Hy: B;=0
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Outcome of Individual Parameter Tests

From the ANOV A we have

by =0084, P=0¢&
b, =0422, P=001
be=-0001, P=054
b, =0326, P=0.01

20 by, =0422 and by, = 0.326 appear to represent
terms that should be explored further
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Stepwise Multiple Regression

Backward elimination

Start with all independent variables, test the global
hypothesis and if rejected, eliminate, step by step,
those independent variables for which p =0

Forward

Start with a ®“ core ™ subset of essential variables and
add others step by step.
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Bacloward Elimination

The nezt few slides show the process and steps
for the bacloward elirmination procedure,

32 - 16



zlobal hypothesis
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Forward Stepwise Regression

The nezt two slides show the process and
steps for Forward Stepwise Eegression.

In this procedure, the first independent
variable entered into the model 15 the one

with the highest correlation with the
dependent variable.

32 -
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C. Relationship to ANOV A and Analysis
of Covariance

Multiple regression procedures can be used to
analyze data from one-way ANOV A randomized
block, or factoral designs sunply by setting up the
independent variables properly forthe regression
analyses. To demonstrate this process, we will work
with the one-way ANOVA problem for diastolic
blood pressure on the following slide.
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Blood pressure measurements for n = 30 children
randomly azzsigned to receive one of three dugs

Dirug

By B 5
100 104 105
102 = 112
S 100 =0
10E S 104
110 102 i
110 G2 110G
120 S e
112 100 20
112 S Z0
0 G =4

Mean 105 % Yl R0
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The ANOVA Approach

Hy la=Hp=He vs  Hp p O pg O

Hi
AMOYA
S OLHTCE df o i F
Among A 33647 tes l3 554
Within A7 2045770 IERE
T otal A9 A5EN LT

Reject Hy: Wy = Hp = Ko

since F =354, 15 greater than F .. (2,27) = 3.35
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Multiple Regression Approach

The multiple regression approach requires a data table
such as the following, which means we need to code
the drug groups in such a manner that they can be
handled as independent variables i the regression

model. That 15, we need to prepare a data table such
as the one below

F et aon ) X1 XA
1 100 i Y
2 102 ? 2
11 &l ? 7
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Coding the Independent Variables

We can use a coding scherne for the xsto indicate the
drug group for each participant. For three drugs we
need two x3, with

%; = 1 ifthe person received drug A

= [ otherwise

%, = 1 if the person received drug B

= [ otherwise
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Implications of Coding Scheme

The walues for z; and %, for the three drug groups

are:
Drug 8 o

1 ¥

E ¥ 1

C ¥ ¥

It takes only two x5 to code the three diugs.
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Use of Coding Scheme

Person 1 has (v =BF) = 100 and recetves Drug &
Person 2 has (v =BP) =102 and receives Drug B
Person 3 has (v =BP) = 105 and receives Drug C

Per=an i 3 - ]
1 1O 1 O
2 102 O 1
=2 1O 5 L L
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Indicator Variables

These "indicator” variables provide a mecharism for
ncluding categories into analyses using multiple
regression techniques. If they are used properly, they
can be made to represent complex study designs.

Adding such variables to a multiple regression
analysis 15 readily accomplished. For proper
interpretation, one needs to keep 1n mind how the
different variables are defined; otherwise, the process
15 straight forward multiple regression,
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Complete Data Table

PEramEn v I Ia
T oo T O
o2 102 1 O
L | Sk 1 O
o 10k 1 O
5 110 1 O
[ 1 110 1 O
T 120 1 O
B 114 1 O
| 1142 1 O
10 a0 1 O
11 104 O 1
12 BB o 1
13 100 O 1
14 g8 o 1
15 104 o 1
16 9 o 1
17 Sk o 1
12 100 O 1
19 Sk o 1

20 Sk o 1
21 105 o O
r e 1142 o O
23 a0 o O
24 104 o O
25 Sk o O
25 110 o O
27 38 o O
<8 BE o O
=3 B0 O O
an B4 O O

[iny
I, 3 X
im 104 13
14 = 112
i m i
M 2 04
110 D i
110 Iy 110
14 i 2
112 m i
112 i al
i i o
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Coding Scheme and Means

#, = | 1f the person recetved drag &
= [l otherwise

%, = 1 if the person received drug B

= [l othetwrize
B0 = He i B
1= Ha — He By = weEs
32=H‘E_H‘C bngﬂ_f,j

b1 =Pz =01mplies |, = g = e
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General Linsar Models Frocedurs 0 38 ANOVA
feEpmndnnt Yarinple: W
Aum of Sl

B B fpanyEa Eganra F Vsl Pr = ¥
Pomde ] a 516 . 48847 ZOW.2335% G 0438
Error 2% 047, TE000 - &FILP
Corregrad Tooal 1% JERG. IEENLT

E-fquarms [ BonEk HMHE ¥ Hafn

(-1 -k B4 H.Y14673 &, TCSON n%. A1}
Hourocm or Tvpas [ H3 Mean Egears F Valuo Fr = F
X1 ] Rk .ODiG0T BRSd.018ET T, oG F.0131
¥l i 2 4%000 2, %000 a.g3 O, 88
Bioured 4] Typs ITEF 88 HMHaoan Sguare F Valuo Fr. = F

i 1 432 .4%000 452 . 45000 5.V g.ead1l
-t i 2 45000 & - 4%E00 a.03 0.9 584
T Eowr HMOj Fr = iT| St4d Error ol

Fapamstar Bl L L b L i PEramscar-0 Eatimakes
INTEECEPFT G, SOOE0000 %08 0.08661 a. 75522868
X1 5. 3000000 2,39 O.0x41 s L] LR B
x3 . 70030000 =T O.A%AK V.AROHZ49]
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