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Cases

1. Simple linear, 31 shows change
in y given change in X

Ly = Bo+Xb 2. Simple categorical, reference
5 L variable and group means
-y =Pt Laly 3. Continuous and categorical, two
_ regression lines with same slope
3y =P+ lahi+ Xp but different intercept
4. y = Bo+ 1481 + 1550 4. Multiple cate.gorlcal, combined
reference variables
5.y =Po+ X1p1 + Xof2 5. Multiple continuous, 31 shows

change in y given change in Xi,
assuming everything else held
constant
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Single Quantiative expained vafianee

SR stonderdized on standerdize your — it =l then alvarisne
w SO *Mean=0 Vm‘g,blzs ON‘\I\WMP‘S oxplained vacianee. 1S € lained bﬂH‘L
+Sd-=l become mavwnPul +uaeglind Mo

ot pormal if ofigina Vaigne

dightlbution was not notmal
1 > Im(mpg ~ wt, mtcars) %>% summary ()
i k
3 WueQ

ot 2 980 value uhen =0, i Fhis cave

4 Coefficients: mm(, \5\\\/&\sngOl‘acal"\sf\ﬁ}Webﬁi\oymf\ﬁ
5 Estimate Std.” Error t value Pr(>|t])
6 (Intercept) 37.285 1.878 19.86 < 0.00000000002 =*%*
7 Wt -5.344 0.559 -9.56 0.000013 *x*x
8 Testin éwﬂ‘n oa-OOS
9 (Peos owcm\\u,
10 Residual standard error: 3.05 on 30 degrees of freedommJr ottion of
11 Multiple R-squared: 0.753, Adjusted R-squared: @O. 745»’\ ﬁmg;"(:,’b

12 F-statistic: 91.4 on 1 and 30 DF, p-value: 0. OOOOOOOOOlZ9er\’MMAb3

With to contitous variables, aull h\spo%@\s s that they are nok Bsseciated, hatis
JB=0. We fest, is B=0 with p-value.
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Weight and MPG

mpg = 37.285 — 5.34 x Weight
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Single Categorical

> Im(mpg ~ cyl, mtcars) %>% summary ()
eeeot is mean
Coefficients:%rﬂu&

Esti%ate Std. Error t value Pr(>|t])
(Intercept) 26.664 0.972 27.44 < 0.00000000002 #*=x
cylé6 -6.921 1.558 -4.44 0.00012 **x*
cyl8 -11.564 1.299 -8.90 0.00000000086 *x*

Sitberence behacen Testing Ho: A=Ay

%as\ and Y %\

Residual standard error: 3.22 on 29 degrees of freedom
Multiple R-squared: 0.732, Adjusted R-squared: 0.714
F-statistic: 39.7 on 2 and 29 DF, p-value: 0.00000000498
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Cylinder and MPG

Re%msi\on model with as’mgle ce«’reaom'cal varigle is efpiulent to ANOUA

MPE = 26.66 — 6.92 X lgey — 11.564 X Tgqy,
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Categorical and Quantitative

Pr(>|t])

< 0.00000000002
0.00021

0.00472

0.00100

1> Im(mpg ~ wt + cyl, mtcars) %>% summary ()

’ Owua\r&o@ri‘hﬁ?

3 Coefficients: \sasochm&MS

4 Estimgte Std. Error t value

5 (Intercept) 33.9971 Huwmichwel . 888 18.01
344 fo MPG6

6 Wt difforence beheen =3-206 0y 0. 754 -4.25

7 cy16603la«\ab\% at>=4. 256M\£&wcu&n‘r .386  -3.07

s cyls Ogwt” g 715@3%\$ 1.652 -3.67

9

11 Residual standard error:

12 Multiple R-squared:
13 F-statistic: 48.1 on

Grinnell College

2.56 on 28 degrees of freedom

0.837, Adjusted R-squared: 0.82

3 and 28 DF, p-value:
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Cylinder, weight and MPG

Mpg = 33.99 — 3.21 x weight — 4.26 X lgey — 6.07 X lgey)

35 -
304 °°
cyl
g ° 4
£ e 6
e 8
= The slopes 8
for the quantitative
vahiable (weiah’r\
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Multiple Categorical

1> Im(mpg ~ cyl + am, mtcars)

2

3 Coefficients:”wcﬂ?q“ o
Butomatic trarsmission

4 Esq%mate Std. Error t

5 (Intercept) 24 .80 1

6 cyl6 -6.16 1

7 cyl8 -10.07 1

8 aml r22.56 1

9 dibbecence behueen anto and

o manwal msar&lcss of "US\

= =
N =

Multiple R-squared:

-
w

Grinnell College

Residual standard error:

0.765,

%>% summary ()

02
.54
.45
.30

F-statistic: 30.4 on 3 and 28 DF,

value
18.75
-4.01
-6.93

1.97

p-value:

STA 209 is the cat's meow

Pr(>|t])

< 0.00000000002
0.00041
0.00000015
0.05846

3.07 on 28 degrees of freedom
Adjusted R-squared: 0.74
0.00000000596
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Cylinder, transmission and MPG

—

mpg = 24.8 — 6.16 x ﬂ6cy| —10.07 x ]]-8cy| + 2.56 X 1 panual

35
e
L
30 - oo
26{ — Js
> am
£ - ° 0
201 ° ® ]"‘25 % ° 1
e ———
o o~
15 - _a,i_j\ FS
L]
10 1 i
4 6 8
cyl

Grinnell College STA 209 is the cat's meow May 9, 2025 11/16



Multiple Quantitative

1> Im(mpg - wt + disp, mtcars) %$>% summary ()
’ MP6 for 3 car )
3 Coefficients: Owdght and
4 Esthmage Std. Error t wvalue Pr(>|t])
5 (Intercept) 34.96055 2.16454 16.15 0.000000049 x*x=*
o wreattelve 3 35083 1.16413 -2.8 0.0074 %
7 disp -0.01772 0.00919 =1 . O3 0.0636
N ik How much you add fo MP6
8 quafaive H. d@luw\m isnof associated W/mp
t d
. For cachw\(ﬁr of displacemen Tiot is Slope= -0/ B=0.

10 Residual standard error: 2.92 on 29 degrees of freedom
11 Multiple R-squared: 0.781, Adjusted R-squared: 0.766
12 F-statistic: 51.7 on 2 and 29 DF, p-value: 0.000000000274

= o

Grinnell College STA 209 is the cat's meow May 9, 2025 12/16



Cylinder, transmission and MPG

mpg = 34.96 — 3.35 x weight — 0.017 x displacement

The featssion line is now a fegession plane because o cateqonical varisbles
Mc(:l«\%s 1o dimensions! (The dependent variable (mpa) i the Hird A«‘méﬁslon\.
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Multiple Quantiative and categorical

> Im(mpg ~ wt + disp + am, mtcars) %$>% summary ()

MPG For mamud| fransmission
Coefficients: (80" owtand Odisp

Estﬂpate Std. Error t value Pr(>|t])
(Intercept) 34.67591 3.24061 10.70 0.000000000021 =*xx
wt -3.27904 1.32751 -2.47 0.020 =
disp -0.01780 0.00937 -1.90 0.068
aml 0.17772 1.48432 0.12 0.906

Residual standard error: 2.97 on 28 degrees of freedom
Multiple R-squared: 0.781, Adjusted R-squared: 0.758
F-statistic: 33.3 on 3 and 28 DF, p-value: 0.00000000225
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Multiple quantiative with categorical

—

mpg = 34.67 — 3.27 x weight — 0.018 x displacement 4 0.17 X 1 pjanyar
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Key Takeaways

» Quantitative variables represent slopes (changes in X lead to
changes in y)

» Categorical variables represent horizontal shifts

» Any number of categorical or quantitative variables can be added to
model

v

Lookout for correlated variables

> Always interpret regression coefficients as everything else being fixed
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