
Stat	306:		
Finding	Rela1onships	in	Data.	

Lecture	17	
Sec1ons	4.4	and	4.5	



BONUS	FOR	LEAVE-ONE-OUT	Cross	Valida7on	



Chapter	4	–	Variable	selec1on		
and	addi1onal	diagnos1cs	

4.1		Variable	Selec1on	algorithms	
	
4.2	Cross-valida1on	and	out-of	sample	assessment	
	
4.3	Addi7onal	diagnos7cs	
	
4.4	Transforms	and	nonlinearity	
	
4.5		Diagnos1cs	for	data	collected	sequen1ally	in	1me	



Classic	example:		Anscombe's	quartet				



•  hOps://www.refsmmat.com/regression/
regression.html	



Chapter	4	–	Variable	selec1on		
and	addi1onal	diagnos1cs	

4.1		Variable	Selec1on	algorithms	
	
4.2	Cross-valida1on	and	out-of	sample	assessment	
	
4.3	Addi1onal	diagnos1cs	
	
4.4	Transforms	and	nonlinearity	
	
4.5		Diagnos7cs	for	data	collected	sequen7ally	in	7me	





source:	hOps://onlinecourses.science.psu.edu/stat501/node/322	

4.4	Transforms	and	nonlinearity	
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4.4	Transforms	and	nonlinearity	



source:	hOps://onlinecourses.science.psu.edu/stat501/node/322	
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4.4	Transforms	and	nonlinearity	



source:	hOps://onlinecourses.science.psu.edu/stat501/node/322	

4.4	Transforms	and	nonlinearity	



Good	explana1ons	at:	
	
hOps://stats.idre.ucla.edu/other/mult-pkg/faq/general/
faqhow-do-i-interpret-a-regression-model-when-some-
variables-are-log-transformed/	

Interpreta7on	is	where	things	get	tough.	

4.4	Transforms	and	nonlinearity	

If	you	see	that	the	variance	of	the	residuals	is	not	constant	with	the	mean	of		
the	fiOed	values…	you	just	try	a	transform.		For	example:		y	à	log(y)	
Do	the	residuals	now	look	any	beOer?	

It’s	easy	to	make	transforma7ons.	



Interpreta7on:	
	
For	every	one	unit	increase	in	x,	the	mean	of	y	increases	by	β1	units.	

4.4	Transforms	and	nonlinearity	



Interpreta7on:	
	
For	every	one	unit	increase	in	x,	the	mean	of	y	increases	by	β1	units.	

4.4	Transforms	and	nonlinearity	

Conclusion:	For	every	addi1onal	year	in	age,	an	individual’s	amount	of	money	
	increases	on	average	by	an	es1mated	of	$0.54	(95%	C.I.	=	[$0.01,	$1.06]),	when		
	adjusted	for	income	(x2).	



Interpreta7on:	
	
For	every	one	unit	increase	in	log(x),	the	mean	of	y	increases	by	β1	units.	
	
	
or:	
	
A	p%	increase	in	X	is	associated	with	an	increase	in	the	mean	of	y	of	
	β1log([100+p]/100)	units.	
	

4.4	Transforms	and	nonlinearity	



Interpreta7on:	
A	p%	increase	in	X	is	associated	with	an	increase	in	the	mean	of	y	of	
	β1log([100+p]/100)	units.	
	

4.4	Transforms	and	nonlinearity	

Conclusion:	For	any	10%	increase	in	age,	an	individual’s	amount	of	money	
	increases	on	average	by	an	es1mated	of	$1.7	(95%	C.I.	=	[$-2,	$37]),	when		
	adjusted	for	income	(x2).	

Consider	a	22	year	old:	
exp(y22)	=		exp(β0)	+	exp(β1	log(22))	
	
and	a	20	year	old:				
	exp(y20)	=		exp(β0)	+	exp(β1	log(20))	
	
We	have:	
exp(y22)/exp(y20)	=	(22/20)β1	
	
or	equivalently:	
exp(y22-y20)	=	(22/20)β1	
	
or	equivalently:	
y22-y20	=	log[(22/20)β1]	=	1.7	
	



Interpreta7on:	
	
For	every	one	unit	increase	in	x,	the	mean	of	log(y)	increases	by	β1	units.	
	
or:	
	
The	effect	of	a	p-unit	increase	in	X	is	to	mul1ply	the	mean	of	y		
by	exp(pβ1).	

4.4	Transforms	and	nonlinearity	



Interpreta7on:	
The	effect	of	a	p-unit	increase	in	X	is	to	mul1ply	the	mean	of	y		
by	exp(pβ1).	

4.4	Transforms	and	nonlinearity	

Conclusion:	For	every	addi1onal	year	in	age,	an	individual’s	amount	of	money	
	increases	on	average	by	a	factor	of	1.02	(95%	C.I.	=	[1.00,	1.04]),	when		
	adjusted	for	income	(x2).	

Consider	a	21	year	old:	
y22	=		exp(β0	+	β1	21)	
	
and	a	20	year	old:				
y20	=	exp(β0	+	β1	20)	
	
We	have:	
y21/y20	=	exp(β1	(21-20))	
	
or	equivalently:	
y21	=	y20	(exp(β1	(1)))	
	
or	equivalently:	
y21	=	y20	(1.02)	



Interpreta7on:	
The	effect	of	a	p-unit	increase	in	X	is	to	mul1ply	the	mean	of	y		
by	exp(pβ1).	

4.4	Transforms	and	nonlinearity	

Conclusion:	For	every	addi1onal	year	in	age,	an	individual’s	amount	of	money	
	increases	on	average	by	a	factor	of	1.02	(95%	C.I.	=	[1.00,	1.04]),	when		
	adjusted	for	income	(x2).	

Consider	a	21	year	old:	
y22	=		exp(β0	+	β1	21)	
	
and	a	20	year	old:				
y20	=	exp(β0	+	β1	20)	
	
We	have:	
y21/y20	=	exp(β1	(21-20))	
	
or	equivalently:	
y21	=	y20	(exp(β1	(1)))	
	
or	equivalently:	
y21	=	y20	(1.02)	



Interpreta7on:	
	
For	every	one	unit	increase	in	log(x),	the	mean		
of	log(y)	increases	by	β1	units.	
	
or:	
For	every	p-unit	increase	in	X,	the	mean	of	y	is	mul1plied		
by	exp(aβ1),	where	a=log([100+p]/100)	.	
	

4.4	Transforms	and	nonlinearity	



Interpreta7on:	
For	every	p-unit	increase	in	X,	the	mean	of	y	is	mul1plied		
by	exp(aβ1),	where	a=log([100+p]/100)	.	
	

4.4	Transforms	and	nonlinearity	

Exercise:	
How	would	you	interpret	this?			
How	would	you	obtain	a	the	proper	confidence	interval?	



4.4	Transforms	and	nonlinearity	

Good	explana1ons	and	examples	from	economics:	
	
	
hOp://kenbenoit.net/assets/courses/ME104/logmodels2.pdf	



4.5	Diagnos1cs	for	data	collected	sequen1ally	in	1me		
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4.5	Diagnos1cs	for	data	collected	sequen1ally	in	1me		

Important	Ques7on:	Is	there	any	“serial	correla1on”	?	
	
To	find	out,	first	plot	the	residuals	vs.	/me.	



4.5	Diagnos1cs	for	data	collected	sequen1ally	in	1me		



4.5	Diagnos1cs	for	data	collected	sequen1ally	in	1me		

hOps://www.youtube.com/watch?v=QGN073tpDXE&ab_channel=BenLambert	




