
Stat	306:		
Finding	Rela1onships	in	Data.	

Lecture	19	
6.2	Logis1c	regression	(Part	1)	
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For	parameter	β1	:		
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Standard	linear	regression:	

1.	We	assume	outcomes	are	normally	distributed:	

2.	Depending	on	the	values	of	covariates,	each	outcome	(i	=	1,…,n)	is	normally	
	distributed	with	a	different	mean:	

or	we	write	this	out:	

3.	In	other	words,	we	model	how	the	mean	of	Y	changes	given	different	values	for	X:	



Standard	logis'c	regression:	

1.	We	assume	outcomes	are	distributed	according	to	a	Bernoulli	distribu1on:	

2.	Depending	on	the	values	of	covariates,	each	outcome	(i	=	1,…,n)		is	a	Bernoulli	distributed	
with	a	different	mean:	

or	we	write	this	out:	

3.	In	other	words,	we	model	how	the	log-odds	of	Y=1	vs.	Y=0	changes		
given	different	values	for	X:	



Standard	logis'c	regression:	

In	other	words,	we	model	how	the	log-odds	of	Y=1	vs.	Y=0	changes		
given	different	values	for	X:	
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Null	deviance				=		12.37	
Residual	deviance	=	6.63	
AIC	=	10.6	
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Interpreta'on:	There	is	a	12.3%	increase	in	the	odds	of	carrying	cash	for	every	addi1onal	
	 	 			year	in	age.		Note	that	exp(0.116)	=	1.123	and	consider	the	following:	
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Interpreta'on:	There	is	a	12.3%	increase	in	the	odds	of	carrying	cash	for	every	addi1onal	
	 	 			year	in	age.		Note	that	exp(0.1163)	=	1.123	and	consider	the	following:	

	
	

Therefore:	

Therefore:	the	odds	is	increased	by	12.3%	for	every	addi1onal	1	unit	of	x.	
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The	fiked	logis1c	model:	



Z	=	-3.777	+	0.11X	
	
Pr(Y=1)	=	1/(1+exp(-Z))	

The	fiked	logis1c	model:	



Z	=	-3.777	+	0.11X	
	
Pr(Y=1)	=	1/(1+exp(-Z))	

The	fiked	logis1c	model:	

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

x

y



Age	vs.	Money	

Popula'on	 Popula1on	
parameters	

Hypothesis	Test	

Sample,	n=9	
Sample	sta1s1cs	

β0	,	
		
		β1	,	β2	

H0	:	β1	=	0	
H1	:	β1	≠	0	
	

82	

22	

45	
71	

29	

12	
9	

18	
24	

x1     x2   y 

Age	in	
Years	
	
Student?	
(Yes/No)	
	
	

RESPONSE variable 

       Y 

b0			=		-10.43	
b1			=		0.278	
b2			=		4.685	
Null	deviance				=		12.37	
Residual	deviance	=	4.69	
AIC	=	10.69	
	For	parameter	β1	:		

mul'ple	
logis'c	
regression	

1	

0	

0	
0	

1	

0	
1	

1	
1	

[0.03,	1.00]	

0.198	

Use	cash	regularly?	
(yes/no)	

1	
	

1	
	

1	
	
0	
0	
0	
	
0	
1	

0	
	

PREDICTOR variables 

 x1 

 x2            
 
 



mul'ple	
logis'c	
regression	



Each	es1mated	coefficient		
is	the	expected	change	in		
the	log	odds	of	using	cash	for	a	unit	
increase	in	the	corresponding		
predictor	variable	holding	the	other	
	predictor	variables		
constant	at	certain	value.	

Each	exponen1ated	coefficient	is	the		
ra1o	of	two	odds,	or	the	change	in	odds		
in	the	mul1plica1ve	scale	for	a	unit	increase		
in	the	corresponding	predictor	variable	holding	
	other	variables	at	certain	value.		

How	do	we	interpret	the		β	coefficients?	

hkps://stats.idre.ucla.edu/other/mult-pkg/faq/general/faq-how-do-i-interpret-odds-ra1os-in-logis1c-regression/	



		 	 	Age	vs.	Money	

Interpreta'on:	There	is	a	32%	increase	in	the	odds	of	carrying	cash	for	every	addi1onal	
	 	 			year	in	age,	when	“student	status”	is	fixed.		
	 	 		Note	that	exp(0.28)	=	1.32	and	consider	the	following:	

	
	



mul'ple	logis'c	
regression	with		
interac'on	effects	

For	non-students	(x2=0),	a	one-year	increase	in	age	yields	a	change	in	log	odds	of	2.5.			
On	the	other	hand,	for	the	students	(x2=1),	a	one-year	increase	in	age		
yields	a	change	in	log	odds	of	(2.5	–	2.4)	=	0.1.	
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mul'ple	logis'c	
regression	with		
interac'on	effects	

For	non-students	(x2=0),	a	one-year	increase	in	age	yields	a	change	in	log	odds	of	2.5.			
On	the	other	hand,	for	the	students	(x2=1),	a	one-year	increase	in	age		
yields	a	change	in	log	odds	of	(2.5	–	2.4)	=	0.1.	

No1ce	a	few	things:	
	
exp(2.5)=12.2	
exp(0.1)=1.11	
	
	
So	for	a	non-student	moving	from	
20	years	old	to	30	years	old	the	odds		
of	having	cash	increase	from		
exp(-92.3)*exp(2.5*20)	=	0.000	
to	
exp(-92.3)*exp(2.5*30)	=	0.000	
	
	



mul'ple	logis'c	
regression	with		
interac'on	effects	

For	non-students	(x2=0),	a	one-year	increase	in	age	yields	a	change	in	log	odds	of	2.5.			
On	the	other	hand,	for	the	students	(x2=1),	a	one-year	increase	in	age		
yields	a	change	in	log	odds	of	(2.5	–	2.4)	=	0.1.	

No1ce	a	few	things:	
	
exp(2.5)=12.2	
exp(0.1)=1.11	
	
	
So	for	a	non-student	moving	from	
30	years	old	to	40	years	old	the	odds		
of	having	cash	increase	from		
exp(-92.3)*exp(2.5*30)	=	0.000	
to	
exp(-92.3)*exp(2.5*40)	=	1980.293	
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For	non-students	(x2=0),	a	one-year	increase	in	age	yields	a	change	in	log	odds	of	2.5.			
On	the	other	hand,	for	the	students	(x2=1),	a	one-year	increase	in	age		
yields	a	change	in	log	odds	of	(2.5	–	2.4)	=	0.1.	

No1ce	a	few	things:	
	
exp(2.5)=12.2	
exp(0.1)=1.11	
	
	
So	for	a	student	moving	from	
30	years	old	to	40	years	old	the	odds		
of	having	cash	increase	from		
exp(-92.3	+89.8)*exp((2.5-2.4)*30)	=	1.65	
to	
exp(-92.3	+89.8)*exp((2.5-2.4)*40)	=	4.48	
	
	



mul'ple	logis'c	
regression	with		
interac'on	effects	

For	non-students	(x2=0),	a	one-year	increase	in	age	yields	a	change	in	log	odds	of	2.5.			
On	the	other	hand,	for	the	students	(x2=1),	a	one-year	increase	in	age		
yields	a	change	in	log	odds	of	(2.5	–	2.4)	=	0.1.	

So	for	a	student	moving	from	
30	years	old	to	40	years	old	the	odds		
of	having	cash	increase	from		
exp(-92.3	+89.8)*exp((2.5-2.4)*30)	=	1.65	
to	
exp(-92.3	+89.8)*exp((2.5-2.4)*40)	=	4.48	
	
Pr(30	y.o.	student	has	cash)=	
1.65/(1+1.65)	=	64%	
	
Pr(40	y.o.	student	has	cash)=	
4.48/(1+4.48)	=	83%	
	
(small	differences	are	due	to	rounding.)	


