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Announcements

Last time:

tarted 3.3 Questions of linear
regression
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o HW #2 Due Sunday 2/1
-
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Covered in this lecture

@ Extending model with

interaction terms

e Hierarchy principle !
.\—I/\'- 4) s &
Polynomial regression
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Section 1

Review from last time
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Linear Regression with Multiple Variables

y;i\sthe ith residual

v

’\
@ RSS is minimized at least

ariables X . .
squares coefficient estimates

@ Predict Y on a multiple

Y = Bo+ 1 X1+ B2 Xo+ - Bpxp+ €
e A

ind good guesses for Bo, Br,--- .
':?0+-lei+"'+§pxp
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Section 2

Categorical Input Variables
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Credit card balance

Balance

Education

Income

50 100 150

i

|

Rating

2 &0 1000

T

@ own: house ownership
@ student: student status

@ status: marital status

L —
region:\East, West, or South

—_— @ — —
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One-hot encoding of categorical input variable

Create a new variable

ith person is a student
N

if/ ith person is not a student

if ith person is student
if ith person isn't Q)
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Who cares about 0/17

Old version: 0/1 Alt ive version: +1

{1 if ith person is a student f ith person is a student
Xi

0 ifl ith person is not a student if ith person is not a student

Model: /\ :
yi = Bo + Bixi +&; %@: ot B1Xi + €
\V/
) Bo+B1+e; if ith person is student - - f1+¢€; if ith person is student
|m o if ith person isn't g; if ith person isn't

Dr. Zhang (MSU-CMSE) Fri, Jan 31, 2025 9/21


Mengsen Zhang
Pencil


Qualitiativ ith More than Two Levels

Dr. Zhang

o / Create spare dummy variables:
{ xin xi
South / D 1 if ith person from South
Xi1 =
& 0 if ith person not from South
West
0 / 1 if ith person from West
5 Xij2 = -
East /0 0 if ith person not from West
NS~——|

+

if ith person from South

g; if ith person from West

if ith person from East Lo,

(MSU-CMSE)
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More on multiple levels

/Intercept

Coefficient ~ Std. error  t-statistic p-value

531.00 46.32 11.464 < 0.0001
region[South] —18.6 65.02
region[West] —12.50 56.68

X

—0.2 0.7
—0.2 0.8260

Spell — f&3+
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Do code section on " Dummy Variables for Multi-level Categorical Inputs”

Fri, Jan 31, 2025 12/21


Mengsen Zhang
Pencil


Section 3

Extending the linear model
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Assumptions so far

Back to our Advertising data set %\, (%

) N\ TV

Ysa/es = BO 51 : XTV /82 'g\radio + 53 : Xnewspaper

A
Assumed (implicitly) that the effect on What if spending money on radio
sales by increasing one medium is advertising increases the effectiveness of
independent of the others. TV advertising? How do we model it?
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Interaction Term

o wo L;(\V@e@
¥

Y = Bo + B1X1 + B2Xo
~— -

-
T AR oot
N
Ysales =80 + b1 X1v F radio + B3 XradioXTV + €

—_
=fo 4{(_& +Z _Lv:i\; BoXradio + €

= Bo + FiX7v + B2Xradio + €
V]‘ﬂk«lln&q/
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Interaction term

\
Y =Bo+ 01 X1+ BaXo+ B3 X1 Xo + € —}
Coeflicient  Std. error  t-statistic p-value
Intercept —5 0.248 27.23 < 0.0001
TV < 0.0191 0.002 12.70 0.0001
? radio __{ 0.0289 0.009 3.24 0.0014
TVXradio 0.0011 0.000 20.73 | < 0.0001
N
Ysatles = Bo + B1X1v + B2Xradio + B3 XradioXTV + € m \_/

= Bo + (B1 + B3 Xradio) XTV +<5;2)_<radio t+e
i 4 - J 2.7
((76[6\%—6\}°”X "o \xiv- s D/Laﬁ (/M.ﬁQLb
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Interpretatlon J\O \’\/ﬂﬂ\,ﬂxf B\/aﬁ(’,w ‘H/“V:S

7\}7\ Ve

Vo< TUXx
’(//I\_i U?‘ MA.M

' O\/\
Coefficient _Std. error _i-statis t}é W‘\'
opt 6.7502 0.248 2TR3 < o 0001
0.0191 0.002 14.70 < 0.0001 Q

Interc
TV
0.0289 0.009
W\M 0.0011 0.000 20.73 < 0.0001

: N
— TN e 4
W «\\SW-&W\’M@M
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Hierarchy principle

Sometimes p-value for interaction term is
very small, but associated main effects are The hierarchy principle:
not.
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—— Linear
—— Degree 2
—— Degree 5

les per gallon

\]~ 5‘0 IéD 1;0 2210 R
( Horsepower )
Coefficient —Ste—efror t-statistic p-value
‘%Zz\ N 1.8004 31.6 < 0.0001
ower 662 0.0311 —-15.0\ <0.
@ 0.00 0.0001 10.1 m}?
\_/
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Do the section onf"Interaction Terms”
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Next time

CMSE381_S2025_Schedule : Sheet1
L;c Date Topic Reading HW

1 M 113 Intro / Python Review 1
2 W 115 What is statistical learning 21
3 BN 117  Assessing Model Accuracy 2.2.1,2.2.2

M 1/20 MLK - No Class
4 W 1/22 Linear Regression 3.1
5 - 1124 More Linear Regression 3.1 HW #1 Due
6 M 127 Multi-linear Regression 32 Sun 1/26

Probably More Linear
7 Regression 33
1/31  Last of the Llr?(?ar Regre:;leosn HW #2 Due
' K o3 classifier, KNN classifier 23 Sun 211
10 W 2/5 Logistt\Regression ‘t‘13
Mulfiple Logistic Regression /
1 217 Multinomial Logistic 4.3. HW #3 Due
Regressio) Sun 2/9

M - -

w
12 Rl 214 1,512
13 M 217 k-fold CV 513
14 W 219 More k-fold CV 5.1.4-5
15 BN 221 kdold CV for classification 515 HW #4 Due
16 M 2024 Subset selection 6.1 Sun 2/23
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