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R grammar

• 8-0)$14%-0"(),9":,)1

• );#;2"<&)%-



R grammar



r grammar

mean(x, trim = 0, na.rm = FALSE, ...)
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Linear models

• 'A."B/-01".*"1/&9,)"%00/6>)")7)5412

• 3%/-")7)5412"C.A"0.)1"9$)0/54.$"5(%-#)"
&)%-".*".+45.&)D"(.,0/-#".4()$"
9$)0/54.$1"5.-14%-4<

• E-4)$%56.-")7)5412"C.A"0.)1")7)54".*".-)"
9$)0/54.$"0)9)-0"+9.-">%,+)1".*".4()$"
9$)0/54.$1<



main effects

• WEIGHT ~ AVFOOD + GSIZE

• FGHIIJ2"C.A"0.)1"%>%/,%K,)"*..0"%7)54"
A)/#(4D"(.,0/-#"#$.+9"1/L)"5.-14%-4<

• MNEOP2"C.A"0.)1"#$.+9"1/L)"%7)54"A)/#(4D"
(.,0/-#"%>%/,%K,)"*..0"5.-14%-4<



Main effects

• '(/-B".*"%"1/&9,)")Q9)$/&)-42
'%B)"1.&)"*.Q)1R"0/>/0)"$%-0.&,@"/-4."
'C!PP"#$.+91

• M$.+9"S2"T"*.Q)1D"SUU,K1".*"*..0

• M$.+9"V2"T"*.Q)1D"TU",K1".*"*..0

• M$.+9"W2"SU"*.Q)1D"SUU,K1".*"*..0



Main effects

T"*.Q)1 SU"*.Q)1

SUU,K1 M$.+9"S M$.+9"W

TU,K1 M$.+9"V <

• WEIGHT ~ ( intercept ) + AVFOOD + GSIZE



interaction effects

T"*.Q)1 SU"*.Q)1

SUU,K1 M$.+9"S M$.+9"W

TU,K1 M$.+9"V M$.+9"X

• WEIGHT ~ ( intercept ) + AVFOOD + GSIZE + AVFOOD*GSIZE



interaction effects

• FGHIIJYMNEOP"/1"%-"Z/-4)$%56.-[")7)54R"
&)%1+$)1"4()")7)54".*"FGHIIJD"%1"MNEOP"
5(%-#)1;"=I$")7)54".*"MNEOPD"%1"FGHIIJ"
5(%-#)1;?

• ZC.A"&+5("0.)1"4()")7)54".*"FGHIIJ".-"
\PEMC'"0)9)-0"+9.-"MNEOP<[

• WEIGHT ~ ( intercept ) + AVFOOD + GSIZE + AVFOOD*GSIZE



the language of xprmts

• $)19.-1)"]" F"^"_"^"FY_"`"Fa_

F -.4"F

_

-.4"_



some really not simple
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• $)19.-1)"]" F"^"_"^"cb"^"FY_"^"FYc"^"_Yc"^"
FY_Yc"`"Fa_ac
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interaction effects

• G/1+%,/L/-#"/-4)$%56.-")7)541"-.4"%,A%@1"
)%1@;"C)$)j1"%"5%1)"A()$)"/4j1")%1@;
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predicting weight

• c.-1/0)$"4(/1"&%/-f)7)541"$)#$)11/.-2
weight ~ fat
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Coefficients:
            Estimate Std. Error t value Pr(>|t|)  
(Intercept)  63.3446    26.0428   2.432   0.0263 *
fat           0.2940     0.9115   0.323   0.7510

Residual standard error: 13.47 on 17 degrees of 
freedom

wi = 63.3 + 0.294f i + N (0, 13.47)



main effects only

• F00"1)Q"%1"%"&%/-")7)542
weight ~ fat + male

Coefficients:
            Estimate Std. Error t value Pr(>|t|)    
(Intercept)  -2.9560    14.2549  -0.207    0.838    
fat           3.1314     0.5371   5.831 2.56e-05 ***
male        -29.9627     3.6469  -8.216 3.92e-07 ***

Residual standard error: 6.079 on 16 degrees of 
freedom
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wi = ! 2.96 + 3.13f i ! 29.96mi + N (0, 6.08)



female line
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wi = ! 2.96 + 3.13fi ! 29.96(0) + N (0, 6.08)

wi = ! 2.96 + 3.13f i + N (0, 6.08)



male line
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wi = ! 2.96 + 3.13f i ! 29.96(1) + N (0, 6.08)

wi = ! 32.92 + 3.13f i + N (0, 6.08)



interaction term

• F00"/-4)$%56.-2
weight ~ fat + male + fat*male
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Coefficients:
            Estimate Std. Error t value Pr(>|t|)    
(Intercept) -44.6039    14.7129  -3.032  0.00841 ** 
fat           4.7150     0.5569   8.466 4.26e-07 ***
male         57.3783    22.2052   2.584  0.02075 *  
fat:male     -3.0736     0.7759  -3.961  0.00125 ** 

Residual standard error: 4.389 on 15 degrees of 
freedom

wi = ! 44.60 + 4.72f i + 57.38mi ! 3.07(f i " mi ) + N (0, 4.39)



female line
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wi = ! 44.60 + 4.72f i + 57.38(0) ! 3.07(f i " 0) + N (0, 4.39)

wi = −44.60 + 4.72f i + N (0, 4.39)



male line
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wi = ! 44.60 + 4.72f i + 57.38(1) ! 3.07(f i " 1) + N (0, 4.39)

wi = ! 44.60 + 4.72f i + 57.38! 3.07f i + N (0, 4.39)

wi = ( ! 44.60 + 57.38) + (4 .72! 3.07)fi + N (0, 4.39)

wi = 12.78 + 1.65f i + N (0, 4.39)



interaction
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getting abstract

yi = ! + " 1x1 + " 2x2 + " 3x1x2 + N (0, #)



getting abstract

• c.-1/0)$"A()-"QkV"`"U2
yi = α + β1x1 + β2(0) + β3x1(0) + N (0, σ)
yi = ! + " 1x1 + N (0, #)



getting abstract

• c.-1/0)$"A()-"QkV"`"U2
yi = α + β1x1 + β2(0) + β3x1(0) + N (0, σ)
yi = ! + " 1x1 + N (0, #)

• c.-1/0)$"A()-"QkV"`"S2

yi = ! + " 1x1 + " 2(1) + " 3x1(1) +N (0, #)

yi = ( α + β2)
! "# $
intercept

+ ( β1 + β3)
! "# $

slope

x1 + N (0, σ)



interaction effects

• E-4)$%56.-1"%,,.A"4()"1,.9)".*"4()"
$)#$)11/.-",/-)"4."5(%-#)D"/-"$)19.-1)"4."
5(%-#)1"/-"&+,69,)"9$)0/56.-">%$/%K,)1;

• ZC.A"0.)1"4()")7)54".*"l".-"m"0)9)-0"+9.-"
4()">%,+)".*"O<[

• E-4)$%56.-"4)$&"5.$$)19.-01"4."%"4$)%4&)-4"
#$.+9"/-"A(/5("@.+"5(%-#)"K.4(">%$/%K,)1"
1/&+,4%-).+1,@;



higher -order 
interactions

• VfA%@"/-4)$%56.-2"y ~ x + z + x*z

• WfA%@"/-4)$%56.-2"
y ~ x + z + w + x*z + x*w + w*z + x*z*w



caution

• @.+"1(.+,0"/-5,+0)"%,,"&%/-")7)541"=%-0"
,.A)$f.$0)$"/-4)$%56.-1?D"4."5.$$)54,@"
)16&%4)"%-"/-4)$%56.-")7)54;

_FJ2"y ~ x + x*z

MIIJ2" y ~ x + z + x*z

_FJ2"y ~ x + z + w + x*w*z

MIIJ2" y ~ x + z + w + x*z + x*w + w*z + 

x*z*w



interactions in R

• !"%+4.&%65%,,@"/-5,+0)1"%,,"&%/-")7)541"%-0"
,.A)$f.$0)$"/-4)$%56.-1;

m <- lm( y ~ x * z )

m <- lm( y ~ x + z + x * z )

1%&)"%1



transformations

• N.&)6&)1"0%4%".K>/.+1,@"-.4"0/14$/K+4)0"
-.$&%,,@"=-.4"#%+11/%-?D"K+4"A)"5%-"
'!FdNHI!3"/4"4."K)"%99$.Q"-.$&%,;

• \(%4"&%n)$1"/1"4(%4"
=S?">%$/%-5)"K)"1@&&)4$/5%,
=V?"&)%-"K)"5,.1)"4."&.0)



transformations

• PQ%&9,)2"c.-1/0)$"%#)f%4f0)%4("0%4%"*.$"%"
W$0"A.$,0"9.9+,%6.-;
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transformations

• J):-/4),@"-.4"-.$&%,2
=S?"&.14">%$/%-5)"/1"%K.>)"4()"&)%-
=V?"&)%-"%-0"&.0)"*%$"%9%$4
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transformations

• '()",.#".*"4()1)"-+&K)$1"(%1"%">)$@"
0/7)$)-4"1(%9);

Histogram of log(age)
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transformations

• N."A)"5%-"$)#$)112
,.#=%#)?"]"Q

• \)"#)4"%-")16&%4)".-"4()",.#"15%,)D"
(.A)>)$D"1."(%>)"4."4$%-1*.$&"/4"K%5B"4."
-%4+$%,"15%,)"4."/-4)$9$)4;



transformations

• PQ%&9,)2
g$)0/54"%#)"%4"0)%4("A/4("1)Q
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transformations

> summary( lm( log(age) ~ male ) )

Call:
lm(formula = log(age) ~ male)

Residuals:
    Min      1Q  Median      3Q     Max 
-6.0835 -0.6528  0.1259  0.9407  2.4904 

Coefficients:
            Estimate Std. Error t value Pr(>|t|)    
(Intercept)  1.88598    0.07277  25.918   <2e-16 ***
male        -0.23404    0.10291  -2.274   0.0233 *  
---
Signif. codes:  0 Ô***Õ 0.001 Ô**Õ 0.01 Ô*Õ 0.05 Ô.Õ 0.1 Ô Õ 1 

Residual standard error: 1.26 on 598 degrees of freedom
Multiple R-squared: 0.008575,!Adjusted R-squared: 0.006917 
F-statistic: 5.172 on 1 and 598 DF,  p-value: 0.02331



transformations

• E*")7)54"/1"oU;VWXUX".-",.#"15%,)D"4()-"4."#)4"
K%5B"4."-%4+$%,"15%,)2
exp(Ð0.23404)

• E*",.#=%#)"%4"0)%4(?"5(%-#)1"oU;VWXUX"+-/41"
*.$"%"&%,)D"4()-"%#)"%4"0)%4("*.$"%"&%,)"/12
)Q9=oU;VWXUX?"`"U;epS".*"%#)"%4"0)%4(".*"
*)&%,);"=/;);"&%,)1",/>)"epq"%1",.-#;?



transformations

• \(%4<"\(@"epq"9)$5)-4<

• F2"I+$")16&%4)"1%@1"4(%4"%"&%,)"A(."A.+,0"
,/>)"4."XU"A/,,",/>)".-"%>)$%#)",.#=oU;VWX?"
@)%$1",)11;"N.")Q9)54)0"%#)"/12
exp( log(40) Ð 0.234 ) = 31.65

31.65 / 40 = 0.79125

• '(/1"1.$4".*"4$%-1*.$&%6.-".*"15%,)1"/1"-.4"
/-4+/6>)"4."&.14"9).9,)D"K+4"@.+"0."#)4"4()"
(%-#".*"/4;"_)"9%6)-4"A/4("@.+$1),*;



log transforms

• E*")7)541"&+,69,@".-"-%4+$%,"15%,)D"4()-"4()@"
%00".-",.#"15%,);
,.#=VYT?"`",.#=V?"^",.#=T?

• N.2
@"`"QYL"`r",.#=@?"`",.#=Q?"^",.#=L?



caution

• 3%B)"1+$)"4()$)"%$)"-."L)$.1"/-"@.+$"0%4%D"
K)*.$)",.#=?;",.#=U?"`"os;

• P%1@"4.":Q;"t+14"%00"%"1&%,,"5.-14%-4"4.")%5("
>%,+)D"K)*.$)"@.+",.#=?;
);#;",.#=Q"^"U;S?
'(/1"/1"%":1(@"K+1/-)11D"4(.+#(D"K)5%+1)"4()"
5.-14%-4"@.+"5(..1)"&%n)$1u"_)n)$"4."
$)#$)11".-"-%4+$%,"15%,)D"K+4"@.+"(%>)-j4"
,)%$-)0"4(%4"@)4;



keeping it normal

• '$%-1*.$&%6.-1".*"4(/1"B/-0"%$)"%K.+4"
B))9/-#"4()"P!!I!"0/14$/K+6.-".*".+$"
.+45.&)">%$/%K,)"dI!3Fv;

• E-"5.&/-#"A))B1D"@.+j,,",)%$-/-#"(.A"4."
&.0),".4()$")$$.$"0/14$/K+6.-1D"%-0"4()1)"
4$%-1*.$&%6.-1"A.-j4"K)"-)5)11%$@;


