


Today’s	agenda

• Exploration	of	class	data
• Data	cleaning
• Probability

– Definitions
– Examples	of	use	in	diagnostic	testing











Class	cash

• Histogram,	summarize	commands
• List	– see	other	relevant	variables	
• Back	to	the	source	documents	if	possible
• If	you	decide	the	entry	is	in	error	–

– Recode	but	document	it	in	your	.do	file
– Keep	the	original	version	of	your	data	as	well

• If	you	decide	the	entry	is	valid
– Keep	it	in	mind	as	you	run	analyses	– it	will	impact	
many	of	your	results





















Union
• The	union of	2	events	is	written	A	U	B
• The	union	is	if	either	A	or	B	or	both	occur	

A ∩ BA
B

A	U	B











Additive	rule
• The	additive	rule	of	probability	can	be	applied	to	several	

mutually	exclusive	events

• For	3	events:	If	none	of	the	events	can	occur	together,	then
P(A1 U	A2	U	A3	)	=	P(A1)	+	P(A2)	+	P(A3)	

• For	n	events:
P(A1 U	A2	U	…	U	An	)	=	P(A1)	+	P(A2)	+	…	P(An)	



Probability	summary
• Complement:	P(A)=	1-P(Ā)
• Intersection:		Prob (	A	and B	)=	P(A	∩	B)
• Union:		Prob (	A	or	B	or	both	)	=	P(A	U	B)	

P(A	U	B)	=P(A)	+	P(B)	– P(A	∩	B)

• Mutually	exclusive	events:			
P(A	∩	B)	=	0
If	A	and	B	are	mutually	exclusive:	then
P(A	U	B)	=	P(A)	+	P(B)		additive	rule













Probability	example
Maternal

age 
group

n % of 
total

<15 69 0.1%

15 - 19 6,968 6.1%

20 - 24 27,134 23.7%

25 - 29 34,884 30.4%

30 - 34 30,165 26.4%

35 - 39 12,475 10.9%

40+ 2,757 2.4%

Total 114,460 100%

2014	State	of	Michigan	Live	Births
• Probability	that	a	mother’s	age	is	20-24	=	.237
• Probability	that	a	mothers	age	was	<=24	=	

.001+.061+.237	=	.299
• By	what	probability	rule?

• Given	that	a	mother’s	age	is	at	least	30,	what	is	
the	probability	that	she	at	least	40?

• P(Mother’s	age	>=30	andMother’s	age	>=40)	/	
P(Mother’s	age	>=30)	(conditional	probability)

=	P(Mother’s	age	>=40)	/	P(Mother’s	age	>=30)
(why?)

=	(2757/114460)	/	((30165	+	12475	+	2757)/114460)	
=	0.061



Examples	of	conditional	probabilities

• Relative	risk
P(disease	|	exposure)	/	P(disease	|	no	exposure)

• Odds	ratios
(P(exposure	|	disease)	/	(1	– P(exposure	|	disease))	/	
(P(exposure	|	no	disease)	/	(1-P(exposure	|	no	disease))



Independence

• If	the	occurrence	of	event	B	does	not	depend	on	
the	occurrence	of	event	A,	B	and	A	are	
independent.	

• Then	P(B|A)=P(B)
• Examples:	

– Probability	of	becoming	infected	with	malaria	given	
that	you	have	2	sisters	=	Probability	of	becoming	
infected	with	malaria

– Probability	of	a	coin	toss	landing	on	heads	given	that	
the	previous	coin	toss	was	a	heads



Multiplicative	rule	of	probability
• The	multiplicative	rule	if	you	have	independence:

P(A	∩	B)	=	P(A)	P(B)

• Why?
• Rearrangement	of	the	definition	of	conditional	
probability	

P(B|A)	=	P(B	∩	A)/P(A)	=	P(A	∩	B)	/	P(A)	
so	P(A	∩	B)	=	P(A)	P(B|A)

• If	you	have	independence:	P(B|A)	=	P(B)	so	
you	can	substitute	into	above



Independence
Note	that	independence	≠	mutual	exclusivity!

– Mutual	exclusivity	
• 2	events	cannot	both	occur
• P(A	∩	B)	=0

– Independence		
• 2	events	do	not	depend	on	each	other
• P(B|A)=P(B)
P(A	∩	B)	=	P(A)	P(B|A)		=	P(A)	P(B)







Law	of	Total	Probability

• Helpful	when	you	cannot	directly	calculate	a	
probability

• Example
– Suppose	you	know	the	prevalence	of	TB	in	the	countries	
of	an	area,	but	you	want	to	know	the	overall	prevalence	of	
TB	in	the	region

P(TB+	in	the	region)	=	
P(TB+	in	country	1	|	live	in	country	1)*P(live	in	country	1)	
+	P(TB+	in	country	2	|	live	in	country	2)*P(live	in	country	2)	
+	…	etc.
– This	is	a	weighted	average































Application	of	laws	of	probability	to	
diagnostic	tests

• If	you	test	a	patient	(without	disease)	with	two	tests,	what	are	the	
possible	results	that	you	would	get	and	what	is	the	probability	of	
those	results?

• Neg Neg
P(Neg test	1	∩	Neg test	2)	=	0.98*0.98=.9604		(why?)

• Neg Pos
P	(Neg test	1	∩	Pos test	2)	=	0.98*0.02=.0196

• Pos	Neg
P	(Pos test	1	∩	Neg test	2)	=	0.02*0.98=.0196

• Pos	Pos
P	(Pos	test	1	∩	Pos	test	2)	=	0.02*0.02=.0004

• All	4	of	these	possibilities	add	to	1		(why?)
.9604	+	.0196	+	.0196	+	.0004	=	1



















P(HIV+|T+)	=	P(T+|HIV+)*P(HIV+)	 /	P(T+)

P(T+|HIV+)	=	0.96	(sensitivity)	
P(HIV+)	in	region	of	study	is	=	0.02
P(T+)	=	the	overall	chances	of	having	a	positive	test

P(T+)	=	P(T+|HIV+)	P(HIV+)	+	P(T+|HIV-)	P(HIV-)	by	the	law	
of	total	probability	(remember	previous	slides?)	

=	0.96*0.02	+	0.01*0.98	=	0.029

P(HIV+|T+)	=	0.96*0.02/0.029	 =	0.662

Bayes’	theorem	for	diagnostic	tests










