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Review

For the exam, I’ll be drawing from everything we’ve talked about so far
(Lectures 2–10). I’ve compiled the most important slides here; if you
know all of this stuff, you’re off to a really good start.



Review

Epidemiology: A long time ago, Hippocrates discussed exposures and
outcomes, andoffered us some epidemiological nomenclature: epidemic
and endemic. In the 17th century, “political arithmetic” entered public
health, with the work of demographers such as John Graunt (1620–1674).
In the middle of the 19th century, John Snow establishes epidemiology
as a powerful tool for evaluating relationships between exposures and
outcomes.

John Snow
(AD 1813 to AD 1858)

Hippocrates
(460BC-ish to 370 BC-ish)



Review

Epidemiology: In the years after John Snow, epidemiology developed
and deformed itself. It became a mighty weapon against ignorance,
but was often discharged with terrible aim.



Review

Good



Review

Good	& Bad
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Positive	Side	of	Neutral
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Mostly	Good,	but…



A	Bit	More	Good	Than	Bad

Review



Review

Barely	Leaning	Bad
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Positive	Side	of	Neutral
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Good	(Excepting	Artistic	Value)



Review

Mostly	Good

MasterCard Advisors is a division of the company that aggregates
and analyzes tons of transactions (>65 billion) from tons of card
holders (>1 billion) in lots of countries (>250) to understand and
predict consumer trends.



Review

Mostly	Good

Analysts identified a trend: People filled up their gas
tanks around 4 in the afternoon had a high likelihood
of spending $35 to $50 at a restaurant or grocery store
within an hour.

How can that finding be used?



Review

Mostly	Good

Sell the information to gas stations so they can sell
advertising to restaurants and stores, printing
coupons on the back of gas receipts.

Epidemiology is true here, but all it’s doing is
characterizing patterns, not outlining cause and effect.



Fitbit	is	tracking	your	sleep.	
Your	steps.		Your	heart	rate.				
Not	just	for	you.	
The Health Insurance Portability and
Accountability Act (HIPAA) was written in
1996. Its writers didn’t anticipate the iPhone
or the FitBit. The collecting and sharing of data
doesn’t fall under HIPAA restrictions. The
Federal Food, Drug, and Cosmetic Act discusses
devices, but not of this variety. Your
information is being analyzed, just like your
Amazon purchases.
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Mostly	Good,	But…
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Once	upon	a	time,	there	were	in-house	
reviewers.		Then,	there	wasn’t	anymore.
Algorithmic	recommendations	recommend	
better.		And	that	dries	way	(way)	more	sales.		
What	are	those	algorithms	doing?

(Hint:	epidemiolog…......)

Today,	those	recommendations	and	other	
algorithm-driven	personalization	features	
create	about	a	third	of	Amazon’s	sales.
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Mostly	Good



Mostly	Good
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Probability	and	Preemptive	Punishment

In	the	year	2054,	there’s	a	specialized	police	department	
called	“PreCrime”.		They	imprisoned	people	for	crimes	
that	they	were	predicted	to	commit	pretty	soon.

(It	was	some	weird,	hairless	clairvoyant	women-ish
things,	and	not	data,	but	data	can	do	it	too…	sort	of.)

Review

Mostly	Bad



Probability	and	Preemptive	Punishment

Non-cinematic	world:

Parole	boards	in	more	than	half	of	the	states	use	data	
analyses	to	predict	whether	to	release	someone	from	
prison	or	keep	them	locked	up.

Certain	precincts	(e.g.,	LA)	use	predictive	policing.		
Algorithms	predict	people	and	places	that	are	more	
likely	to	need	policing.		So	the	police	are	a	bit	more	
vigilant	with	those	regions	and	people.

Review

Mostly	Bad



Richard	Berk (a	full	
professor	of	stats	and	
criminology	at	Upenn)
makes	predictions	on	
whether	a	person	who	
gets	released	on	parole	
will	then	kill	someone	
or	be	killed.		Using	his	
predictors,	he	does	so	
with	~75%	accuracy.

Review

Depends	How	You	Use	It

Probability	and	Preemptive	Punishment



NSA	intercepts	1.7	billion	communications	every	day.
(according	to	the	Washington	Post	in	2010)

What	do	you	do	with	that	information?

Should	we	target	individuals?

Review

Depends	How	You	Use	It
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Depends	How	You	Use	It
NSA	intercepts	1.7	billion	communications	every	day.

(according	to	the	Washington	Post	in	2010)

What	do	you	do	with	that	information?

When	we	prescribe,	it	gets	risky…

Epidemiology	doesn’t	discriminate.		
The	population	is	the	population.		
There’s	no	such	thing	as	an	individual.	



Review

What’s	science?

Science	is	the	systematic	study	
of	the	structure	and	behavior	
of	the	physical	and	natural	
world	through	observation	
and	experimentation.



Review

What’s	science?

Why	is	science	important?
How	is	science	typically	communicated?
1988.	 Not	famous. Nobody	liked	this.											1993. Ridiculously	simple.		Sold	millions.
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What’s	science?

Why	is	science	important?
How	is	science	typically	communicated?
Why	is	this	(or	why	is	it	not)	a	problem?
How	do	you	fix	it?
What’s	the	purpose	of	research?

What’s	a	good	place	to	start	with	research?
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What’s	science?

Why	is	science	important?
How	is	science	typically	communicated?
Why	is	this	(or	why	is	it	not)	a	problem?
How	do	you	fix	it?
What’s	the	purpose	of	research?

What’s	a	good	place	to	start	with	research?



Worth	asking: What	am	I	good	at?
What’s	a	useful	thing	to	know?

I have decided to research what
others have already researched.
And I’ve decided to do it in
exactly the same way so that my
work adds nothing. I want to be
boring and pointless. J I’m horrible at working with people.

Everyone deeply hates me. I should
do research that involves lots and
lots of human interaction!

Review



Review



Review



How	does	exercise	affect
an	individual’s	health?

Review

Is	this	a	valuable,	thought	out,	
researchable	question	to	ask?



Review

How does eight weeks of thrice
weekly aerobic exercise (40 min
sessions on a cycle ergometer at
60% VO2 max) affect serum
lipoprotein levels (HDLs, LDLs)
of post-menopausal women?



First,	don’t	you	talk

Second,	I	know	an
to	me	in	that	tone!	

awful	lot about
diet	and	health!

Review

All	right,	maybe.		Maybe	you	do.		
The	most	basic,	fundamental	thing	to	know

is	what	variables	are.		Stuff	like	diet	and	health.		
You	can’t	claim	to	know	anything	about	science	
without	a	solid	understanding	of	this	foundation.

So	what	do	you	know	about	variables?

I	know	all	about
cheese	cancer.



Review

Variable:	A	thing in	research	that	has	different	values.		
This	includes	just	about	anything	that	can	be	measured.

Independent	Variable:	This	is	the	measurable	thing	
you’re	controlling	or	manipulating	to	produce	an	effect.

Dependent	Variable:	This	is	the	measurable	thing	that	
gets affected	by the	independent	variable.



Scattered	results

Variables	vary,	
so	they	have	
“variance.”
In	other	words,	the	
results	will	be	very	
scattered.

Review



High	school
algebra:
The	equation	of	a	straight	line	(i.e.,		
a	“linear	equation”)	is	written	as:

y	=mx	+	b
m =	slope	of	the	line
b	=	y-intercept.

X	and	Y	(the	two	variables)	would	
have	a	perfect	correlation	there.	

Review

Perfect	results



High	school
algebra:

Review

Perfect	results

In	nature	(in	reality)	
there	are	very	few	
perfect	correlations.		
Almost	everything	is	
scattered.

Imp



You have to
(statistically)
make	sense
of	all	of	that
variance

Review



Review

Variance:	how	spread	out	are	the	values?
“How	scattered	are	the	data	points?”		
This	question	requires	a	reference	point.



Bill	Herrin
Director	of	SIS

Variance: how	spread	out	are	the	values?
“How	scattered	are	the	data	points?”		
This	question	requires	a	reference	point.

Review



You have to
(statistically)
make	sense
of	all	of	that
variance:
How	far	are	
the	data	
scattered	from	
the	mean?

Review



Group	A Group	B
Very,	very	occasionally,	your	results	won’t	be	all	that	scattered:

Review



Group	A Group	B
Binary outcome:	You live or you die.		Two categorical options.	

Review



Categorical	variables.		Dichotomous,	nominal,	ordinal.

Discrete	random	variables. These	are	countable.		1,	2,	3,	4,	5,	etc.
Goals	in	soccer,	runs	in	baseball,	times	you’ve	eaten	donkey	meat,	etc.
Infinite	possible	numbers,	but	they’re	all	integers.

Continuous	random	variables. These	values	can’t	be	counted.		
1.2492,	3¾,	32.12589747. Weight, volume, duration, distance, etc.
Seriously infinite	number	of	possibilities.

Types	of	variables:

Review



Scatter	in	a	binary	outcome:
1972:	WL LW L LWWWWLWWWWWL L LW L L L LWWWWL L LWWWL
1973:	WWWL LW L LWWWL L LW LW LW L LW LW L L LWWL LW L LWWWWWWW
1974:	WLWL L LWWWLWWLWWLWWWWL L LWWLW LW LWWL LW LWWWLWW

Review



Types	of	questions	you	could	ask:

What variables predict wins and losses? Who you’re playing
against? Time of game? Temperature? Miles traveled? How many
runs your offense scored? How many errors your defense made?
How do wins and losses affect salary?
1972: $27,000 salary
1973: $47,000 salary
1974: $100,000 salary

Scatter	in	a	binary	outcome:
1972:	WL LW L LWWWWLWWWWWL L LW L L L LWWWWL L LWWWL
1973:	WWWL LW L LWWWL L LW LW LW L LW LW L L LWWL LW L LWWWWWWW
1974:	WLWL L LWWWLWWLWWLWWWWL L LWWLW LW LWWL LW LWWWLWW

Review



Review

Binary	nominal	data	(win/loss)	converted	into	ratio	data:	



Statistical inference.	
Your	goal	is	to	infer	things.
Take	a	sample (e.g.,	100	people)
from	the	population	(7.5	billion).
Analyze	that	sample	of	100	people.
And	then	make	some	inferences	
from	your	analyses	about	the	
larger	population.

Explain	how	an	independent	variable	makes	a	dependent	vary.

Review

The	goal	in	statistics	is	to	account	for	and	explain	that	variance.
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Review



Review



Review

Some	of	this	uncertainty	can	be	managed	by	minimizing	
error	in	the	study	design,	both	systematic	and	random.		
What’s	the	difference	between	the	two	types?



Systematic	Errors	and	Random	Errors

Measurement	error:
• Instruments	aren’t	working	right	(e.g.,	improperly	calibrated)
• Human	error	(e.g.,	people	collecting	data	are	bad	at	data	collection)

Generally	manageable	by	better	preparation,	maintenance	of	tools,	
training	of	staff,	supervision	to	ensure	technician	consistency	(e.g.,	
interrater reliability),	appropriate	instruments	and	software,	etc.	

Review

In	conducting	research,	there	are:



Unknown deviations	that	disrupt	conclusions:
• Undefined,	unpredictable,	or	otherwise	unknown	effects	
• Setting/environmental	factors,	lack	of	enforced	controls

Generally	manageable	if	the	researcher	has	enough	foresight	to	identify	
possible	confounders	and	create	proper	inclusion/exclusion	criteria.

Review

Systematic	Errors	and	Random	Errors
In	conducting	research,	there	are:
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After	controlling	for	as	much	error	as	possible,	
we	remain	a	bit	uncertain	about	how	variables	
interact	and	affect	each	another.		What	effect	will	
a collection of independents have on a dependent	
variable?		The	world	is	packed	with	variables.		
How	do	we	use	them	to	test	predictions?



• Years	of	participation	in	an	activity
• Presence	of	a	specific	allele
• Free	throw	percentage
• Race/ethnicity
• Hours	of	sleep	per	night
• Incidence	of	the	flu
• Number	of	bowls	of	crispy	hexagons
• Change	in	body	fat	percentage
• Which	doctor	performed	the	procedure
• Marital	status
• Use	of	anti-inflammatory	drugs
• Age	of	onset	of	Alzheimer’s
• Severity	of	stress
• Sex/gender
• Mile	time	

Review

Which	are	most	likely	to	be	
independent	variables and	
which	ones	are	dependents?



• Years	of	participation	in	an	activity
• Presence	of	a	specific	allele
• Free	throw	percentage
• Race/ethnicity
• Hours	of	sleep	per	night
• Incidence	of	the	flu
• Number	of	bowls	of	crispy	hexagons
• Change	in	body	fat	percentage
• Which	doctor	performed	the	procedure
• Marital	status
• Use	of	anti-inflammatory	drugs
• Age	of	onset	of	Alzheimer’s
• Severity	of	stress
• Sex/gender
• Mile	time	

How	might	you	control	for	
the	influence	of	these on	
your	outcome	variable?

Review



How	might	you	control	for	
the	influence	of	these on	
your	outcome	variable?

Make	them	“constants”	
(only	look	at	one	gender,	
one	race,	etc.).

• Years	of	participation	in	an	activity
• Presence	of	a	specific	allele
• Free	throw	percentage
• Race/ethnicity
• Hours	of	sleep	per	night
• Incidence	of	the	flu
• Number	of	bowls	of	crispy	hexagons
• Change	in	body	fat	percentage
• Which	doctor	performed	the	procedure
• Marital	status
• Use	of	anti-inflammatory	drugs
• Age	of	onset	of	Alzheimer’s
• Severity	of	stress
• Sex/gender

Review



How	might	you	control	for	
the	influence	of	these on	
your	outcome	variable?

Or	you	can	just	evaluate	
them	as	independents.

Review



Review



“There are known knowns; there are things we know
that we know. There are known unknowns; that is to
say, there are things that we now know we don’t know.
But there are also unknown unknowns–there are things
we do not know we don’t know.”

Review

Extraneous
Also	called	“confounding”	or	“intervening”

Not	controlled	or	accounted	for	in	study	design

E.g.:	nutrition	status,	level	of	fatigue



SPSS	has	nominal,	
ordinal,	and	scale

Review



Review

There	are	different	kinds	of	independent	variables:

Between-group	variable:	You’re	looking	at	different	subjects	in	each	group.		
Men	vs.	women.		Obese	vs.	non-obese.		Republicans	vs.	democrats.	You	can	
run	these	analyses	with	a	single	episode	of	data	collection	(one	time	point).

Within-group	variable:	You’re	looking	at	the	same	subjects	in	each	group.		
People	when	they	were	obese	and	then	when	they’re	not	obese	anymore.		
People	when	they’re	republicans,	and	then	later	when	they’re	democrats.		
People	in	a	drug	trial	while	they’re	on	the	drug	and	later	on	the	placebo.			
You	need	at	least	two	episodes	of	data	collection	to	compare	the	same	
subjects	under	different	conditions.		



Review

There	are	different	kinds	of	research	models:

In	a	statistical	model,	you	can	have	any	number	of	independent	
(explanatory)	variables	explaining	a	dependent	(outcome)	variable.	
The	number	of	dependent variables	affects	the	class	of	analysis:

Univariate	analysis: One	dependent	variable	is	examined	(with	as	many	
independents	as	you	want,	sort	of).

Multivariate	analysis:	Multiple	dependent	variables	are	simultaneously	
evaluated	(using	a	bunch	of	independents).



Review

• Observational	research
• Descriptive	research
• Ecological	study
• Correlational	study
• Cross-sectional	study
• Case-control	study
• Cohort	study
• Experimental	research
• Randomized	controlled	trials



Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Review

Types	of
epidemiological
investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Ecological	studies evaluate	relationships	
between	exposures	and	outcomes.		Those	
exposures	can	either	be	geographical	or	
temporal	(i.e.,	time-related).

Needs	to	include	as	many	risk-modifying	
factors	as	possible	to	avoid	the	effect	of	
unknown	unknowns.

Review

Types	of
epidemiological
investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

1980:	Using	the	map	as	a	predictor	of	cancer:

Sure,	sunlight	increases	skin	cancer	(just	ask	a	
Floridian);	but	it	may	also	reduce	colon	cancer.		
Are	vitamin	D	pills	anti-carcinogenic	then?

Review

Types	of
epidemiological
investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

2006:	An	update	to	the	map’s	effect:

Review

Types	of
epidemiological
investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

2006:	An	update	to	the	map’s	effect:

Metropolitan	vs.	non-metropolitan?
The	sunlight	exposure	will	be	different.

Seasonal Preovulatory Overripeness Ovopathy:	
During	some	seasons,	the	preovulatory phase	
of	egg	development	is	protracted,	and	that	can	
increase the likelihood of congenital anomalies.	
Maybe.		And	maybe	this	increases	the	further	
away	from	the	equator	one	is.		And	maybe	the	
immune	system	anomalies	are	responsible	for	
the	elevated	cancer	rates.

Review

Types	of
epidemiological
investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

2006:	An	update	to	the	map’s	effect:
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*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

2006:	An	update	to	the	map’s	effect:
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*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Correlational	studiesmeasure	simple	
statistical	relationships	between	variables.			
Do	variables	move	together?		If	you	attend	
class	more,	does	that	associate	with	a	better	
grade?		How	strong	is	that	relationship?		

Strength	of	relationship	is	calculated	as	a	correlation	
coefficient	between	-1	and	+1.		A	correlation	of	zero	
means	there’s	no	relationship;	the	variables	don’t	
move	together.	A	strong	positive	correlation	means	
the	variables	move	in	the	same	direction	(a	greater	
squat	max	associates	with	a	better	vertical	jump).				
A	strong	negative	correlation	means	the	variables	
move	in	opposite	directions:	The	older	you	are,	the	
lower	your	vertical	jump.		In	general,	anything	less	
than	0.3	can	be	thought	of	as	a	bit	weak.

Review

Types	of
epidemiological
investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study
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*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study
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*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

These	three	are	collectively	referred	to	as	
observational	studies and	fall	within	the	
scope	of	epidemiology.

Review

Types	of
epidemiological
investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Cross-sectional	studies evaluate	prevalence,	
i.e.,	the	number	of	cases	of	some	condition	at	a	
given	point	in	time.		Some	specific	population	
(that	whole	population)	at	one	point	in	time.

For	example,	look	at	people	with	a	particular	
exposure	(e.g.,	those	who	smoke)	and	calculate	
the	proportion	of	that	population	who	have	a	
condition	(e.g.,	COPD).		

One	point	in	time.		Were	you	exposed?		And	do	
you	have	the	condition?		

Review

Types	of
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investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Cross-sectional	study:
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*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Cross-sectional	study:

Review

Types	of
epidemiological
investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Cross-sectional	study	you	can	conduct:

A	cross-sectional	study	of	your	Pacific	peers:

What	percentage	of	students	exercise	at	Baun?

What	percentage	of	students	have	scholarships?

What	percentage	of	students	use	tutoring?		

Then	go	one	step	further:	what	predicts	the	
use	of	tutoring?		Is	it	GPA?		Age?		Gender?		
Language	barriers?		Declared	major?		What	
are	the	independent	variables	here?

Review

Types	of
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investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Cohort	studies are	generally	prospective,				
but	if	you’ve	already	collected	the	data	for	one	
purpose,	and	then	you	come	up	with	a	new	
purpose	(a	different	research	question	that	
can	be	answered	using	the	same	database),	
you	can	obviously	analyze	that	same	database	
retrospectively	for	your	new	question.

Review

Types	of
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investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Cohort	studies:

Step	1: Identify	a	population	that	does	not have	
a	disease	(or	whatever	condition	of	interest).

Step	2: Identify	two	different	samples	within	
that	population.		Half	of	them	are	being	
exposed	to	something	you	think	will	cause	the	
condition/disease	and	the	other	half	of	them	
do	not	have	that	exposure.

Step	3: Follow	those	samples	and	see	if	who	
gets the condition/disease. Is there a difference	
in	prevalence	between	the	two	samples?

Review

Types	of
epidemiological
investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Cohort	studies:

Step	4: Calculate	relative	risk	of	getting	the	
disease/condition.

Step	5: Report	your	findings,	but	be	careful	in	
how	cause-and-effecty you	are	when	phrasing	
those	findings.

Review

Types	of
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investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Prospective	cohort	study:

Review
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*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Prospective	cohort	study:

Review
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*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Retrospective	cohort	study:

Review

Types	of
epidemiological
investigations



*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Cohort	study	you	can	conduct:

Dependent	variable:	Admission	to	graduate	
school	(odds	ratio;	how	likely	is	it?).

Population: Students	at	Pacific.

Primary	independent	variable: (main	exposure	
that you thinkwill affect theoddsof admission):	
Whether	students	have	athletic	scholarships.

Other	confounding	variables	to	include: Age,	
gender,	parental	education,	participation	in	
extracurricular	activities,	declared	major,	etc.

Review

Types	of
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*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Case-control	studies are always retrospective.		
You	select	a	sample	based	on	the	presence	or	
absence	of	a	disease.		Then	look	at	a	specific	
exposure	as	a	predictor	of	the	current	state	of	
the	samples.

You’ll	evaluate	a	minority	of	the	population	(in	
a	cross-sectional	study,	it’s	one	point	in	time,	
looking	at	the	whole	population).

Then	you	describe	absolute	and	relative	risk	
via	prevalences of	stuff.		For	example,	what’s	
the	prevalence	of	brain	damage	toady	based	
on	sport	participation	a	while	ago?

Review
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*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Case-control	study:

Review
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*	Non-epidemiological	work:	randomized,	controlled	trials	
(and	their	less-controlled,	less	random	companions)

Ecological	Study
Correlational	Study

Cross-Sectional	Study
Cohort	Study
Case-Control	Study

Case-control	study	you	can	conduct:

Dependent	variable:	Graduation.

Population: Pacific	students	after	graduation
(some	graduated;	some	failed	to	do	so).

Primary	independent	variable: (main	exposure	
that	you	think	will	affect	graduation	rate):	
Whether	students	live	on	campus.

Other	confounding	variables	to	include: Age,	
gender,	parental	education,	participation	in	
athletics,	declared	major,	etc.

Review

Types	of
epidemiological
investigations



Retrospective	study	that	selects	subjects	based	on	their	disease	status.	

Sick	people	(“disease	positive”):	case	group.		

Not	sick	people	(“disease	negative”):	control	group.

They	should	all	(ideally)	come	from	the	same	population.		And	the	control	group	
should	have	a	similar	distribution	of	exposure	as	the	case	group.

Review



Retrospective	study	that	selects	subjects	based	on	their	disease	status.	

Sick	people	(“disease	positive”):	case	group.		

Not	sick	people	(“disease	negative”):	control	group.

Compare	A,	B,	C,	and	D	(cases	vs.	controls;	exposed	vs.	not	exposed).

Generate	an	odds	ratio:	
Ratio	of	odds	of	exposure	in	cases	(A÷C)	to	odds	of	exposure	in	controls	(B÷D),
i.e.,	(A×D)	÷ (B×C).

Review



If	the	odds	ratio	is	>	1:
Then	the	infected	people	are	more	likely	to	have	been	exposed.		

If	the	odds	ratio	is	roughly	1ish:
Then	the	disease	(condition/infection/whatever)	isn’t	correlated	
with	the	exposure.

If	the	odds	ratio	is	<	1:
Then	the	exposure	seems	to	have	a	protective	effect.

Review



Odds	ratio	of	1.5:Odds	ratio	of	1.1:

Review



Subjects	are	selected	based	on	exposure	status.		

At	the	beginning	of	the	study,	all	subjects	should be	disease	free	
and	at	risk	of	acquiring	whatever	disease.

Follow	those	subjects	over	time	and	reassess	them	later.

Review



Similar	2	× 2	table	
is	constructed	

Review

For	example:	follow	smokers	and	non-smokers	over	time.		
Test	lung	cancer	incidence	after	that	period	of	time.



________________________________________Probability	of	disease	in	exposed	group
Probability	of	disease	in	unexposed	group

Review

But	you	don’t	calculate	an	odds	ratio;	you	estimate	relative	risk.

Relative	risk:	probability	of	disease	in	the	exposed	group	(A	÷ (A	+	B))
over	the	disease	over	the	probability	of	disease	in	the	unexposed	group
(C	÷ (C	+	D)).

Or	this:



Primary	purpose	of	epidemiological	research:

Epidemiology: The study of what is upon people.

Epi (upon) 

Demos (people) 

Logos (study)

Collect	information	about	populations	that	can	be	
used	to	prevent,	control,	or	treat	various	health	
problems.	

Review



Hippocrates Hippocrates’	understanding	of	medicine	was	given	up,	
but	his	principles	of	understanding	remained.

Review

Epidemiological	terms	coined	by	Hippocrates:
Endemic: diseases	generally	found	in	certain	locations,	but	not	others.

Epidemic:	Diseases	generally	seen	at	certain	times,	but	not	others.

Hippocrates	was	the	first	to	
distinguish	between	the	diseases	
that	visit populations	(epidemic)	
and	those	that	reside	within
populations	(endemic).



Eventually,	political	arithmetic	becomes	a	thing.
Late-Renaissance	effort	by	fancy	wig-wearing	Europeans	
to	characterize	demographic	and	economic	data.		Mostly	
a	tool	to	estimate	the	size	and	growth	of	their	populations	
(as	well	as	the	life	expectancies	of	those	being	summed).	
The	increasingly	complex	analyses	of	these	data,	aimed	
at	the	creation	of	a	healthier	state,	were	coined	“statistics.”

Review



John	Graunt (1620–1674) – British	Haberdasher.	
Also	one	of	the	first	demographers.
Graunt made the first life table (likelihood that you’ll die
based on your age). Probability of survival if you’re 70,
probability of survival if you’re 76, etc.

Review



On	August	31,	1854,	lots	of	Londoners	began	to	get	
cholera:	the	“1854	Broad	Street	Cholera	Outbreak”.

During	the	first	three	days,	127	people	on	or	near	Broad	
Street	died.		By	September	10th,	there	were	500	deaths	
(after	¾	of	residents	fled	the	area).		Mortality	rate	was	
>12%	in		parts	of	the	city.		Final	death	count:	616–668.

Review



Cesspools	beneath	people’s	basement	
floorboards	were	overflowing.	

So	they	dumped	the	overflow into
the River Thames.

Review



Review

People	started	dying.



Review

It	must	be	the	stench	that’s	killing	them…
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It	must	be	the	stench	that’s	killing	them…

Metropolitan Sewage Committee proceedings. Parliamentary 
Papers. (1846). 10: 651.

All smell is, if it be intense, immediate acute disease; 
and eventually we may say that, by depressing the 
system and rendering it susceptible to the action of 
other causes, all smell is disease.



John	Snow	observed	that	
cholera	struck	especially	
hard	around	a	water	
pump	on	Broad	Street.	
He	persuaded	the	local	
parish	to	remove	the	
pump	handle.	And	he	
suggested that	drinking	
water	should	be	piped	in	
from		regions	waterways	
that	were	free	from	
pollution.

Review



1857:	John	Snow	published	the	first	modern	epidemiological	
paper.		He	compared	cholera-related	mortality	rates	between	
customers	of	two	water	companies:

1.	SouthwarkWater	Company	(water	came	from	the	most	
polluted	region	of	the	River	Thames).

2.	LambethWater	Company	(water	came	from	Thames	Ditton,	
where	there	was	no	sewage	in	the	tideway).

Cholera-related	mortality	among	Southwark customers	was	
six	times	higher.

Snow J. (1857). Cholera and
the water supply in the
southern districts of London.
British Medical Journal, 2: 864.

He	was	correct.		So	what	obviously	happened?

Review



Things	John	Snow	knows:

Nothing	

Review



Epidemiological	Findings	are	Usually	Wrong
Epidemiology	after	Snow

People	see
cause	and	effect
in	everything.
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Epidemiology	after	Snow

People	see
cause	and	effect
in	everything.
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Epidemiology	after	Snow

People	see
cause	and	effect
in	everything.

Review



We’re	great	at	pattern	reception	and	we	apply	it	to	everything.	

Michael	Shermer:
“Humans	are	pattern-seeking,	
story-telling	animals,	and	we	
are quite adept at telling stories	
about	patterns,	whether	they	
exist	or	not.”	

Review



Review

Correlation	just	finds	that there's	
a	relationship,	not	the	nature	of	
it.	 Computers	are	bad	at	this.		
Remember	the	captcha.		



Review

People	are	bad	too	(in	terms	of	accuracy),	
but	we	do	it	anyway.

My sister said she’d pick me up at noon.
She just got here. The movie starts in
about three minutes. I’m furious.

It’s easy for us to figure out why she’s
pissed. Not easy for a computer (pissed
because the movie starts in three
minutes?).



Review

Another	name	for	it	is	patternicity!

I	seek	patterns	and	meanings	in	the	patternless and	meaningless!

That’s	called	apophenia!



Review

A	human	brain	seeks	causal	relationships.
We	seek	(and	find,	however	falsely)	a	cause	where	none	exists.	

1. You	went	out	to	eat.	
2. You	got	sick	the	next	day.	
3. It	must	have	been	the	food.	

1. You	went	outside	in	the	cold	rain	and	didn't	bundle	up	well	enough.
2. You	got	the	flu.	

(That's	not	how	the	flu	is	transmitted,	but	people	connect	the	two	anyway.)

Incorrect	causal	intuitions.		That’s	what	you	want	to	avoid.	



1. Take	a	population.		

2. Observe	them	(their	diets,	habits,	behaviors,	etc.).

3. Notice	patterns	related	to	health	and	disease	of	that	population.

4. Don’t	change	anything;	just	document	all	the	things	you	notice.

5. Make	conjectures	/	surmise	causes.

6. Publish	wrong	stuff.

.

Review



Major	epidemiological	domains:
• Origin/outbreak	of	disease

• Disease	transmission

• Screening	and	biomonitoring

• Comparisons	of	treatment	effects

Review



Overarching	purpose:
• Who?

• What?

• Where?

• When?

of	health-related	events.

Review



Review



Post-Snow	epidemiology	was	an	attempt	
to	apply	science	to	the	world	around	us:

Review



Post-Snow	epidemiology	was	an	attempt	
to	apply	science	to	the	world	around	us:
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Epidemiology	continues	to	have	its	place:
It	tries	to	make	sense	of	epidemics.

Proposed	in	California	and	New	York:

Review



Review



An	IRB	is	unlikely	to	approve	a	study	
in	which	participants	are	randomly	
assigned	to	one	of	two	groups:

Group	A: Smoke-free	control	

Group	B: Two	packs	per	day.

So	epidemiological	principles	are	used.

Review



Review

The	relationship	between	snuff	and	nasal	cancer	
was	identified	as	early	as	1761:

Smoking	and	cancer.	



Fritz Lickint evaluated time-trend
data, which implicated smoking as
a cause of lung cancer.
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Findings	supported	by	case-control	studies	in	the	US	and	UK:

Review



Review

This	is	where	we	wind	up:



Review

But	we	have	to	be	careful:



>4000	possible	interactions

How	many	random	correlations	would	you	expect?
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Review



Review



Review



Review



Review



Review



Review



Review



Review



Review



Review
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A	big	clue:
Most	comparisons	in	“meat	studies”	compare	the	bottom	quintile	
(vegetarians)	to	the	top	quintile	(serious	carnivores).

As	you	move	from	the	bottom	to	the	top,	what	else	do	you	see?

Bad Box          Good Box
Vegetarians are more
concerned with their
health in a number of
ways. More likely to visit
the doctor, do yoga, stay
hydrated, get more sleep;
they probably brush their
teeth more.

More smoking, drinking,
more sedentary lifestyles,
and pretty much every
other bad behavior, in
addition to high BMI, high
BP, etc.

Review



12	RCTs	tested	52	observational	claims:	0	findings	upheld;	10%	found	an	effect	in	the	opposite direction.
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12	RCTs	tested	52	observational	claims:	0	findings	upheld;	10%	found	an	effect	in	the	opposite direction.
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12	RCTs	tested	52	observational	claims:	0	findings	upheld;	10%	found	an	effect	in	the	opposite direction.

Review

Epidemiology
still	has	its	place
in	21st century	

research	methods.



21st century	epidemiology:

Review



Google	receives	3	billion	search	queries	every	day	and	saves	(and	analyzes)	them	all.		
Analyses	of	those	queries	engenders	a	new	form	of	public	health	surveillance.

Review



Review

Vs.

Traditional	mode	of	reporting:

1. Patients	would	wait	a	while	and	then	go	to	the	doctor.
2. Doctors	would	wait	a	while	and	then	report	the	cases.
3. The	CDC	would	wait	a	while	and	then	tabulate	all	cases.

All	CDC	reports	were	at	least	a	week	old,	probably	two.
.

H1N1	outbreak.		How	bad	is	it?
Where	is	it	spreading?



Review

Vs.

”Big	data”	mode	of	reporting:

Google	evaluates	search	terms	and	analyzes	for	terms	that	have	
a	strong	correlation	with	the	spread	of	disease.		They’re	able	to	
watch	and	report	the	spread	in	real	time,	not	a	week	or	two	late.

H1N1	outbreak.		How	bad	is	it?
Where	is	it	spreading?



Review



Review



Digital	information	that	can	be	“crunched”	is	relatively	new.	

1986: ~40%	of	the	world’s	general	purpose	computing	power	
was	in	pocket	calculators.		At	the	time,	pocket	calculators	had
more	processing	power	than	all	personal	computers	combined.
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Oren	Etzioni
First	undergrad	to	major	in	Computer	Science	at	Harvard	(graduated	1986).		

Ph.D.	at	Carnegie	Mellon	University	(1991)

Currently	a	professor	at	the	University	of	Washington	(director	of	
the	Turing	Center)	https://www.cs.washington.edu/people/
faculty/fulltime and	http://turing.cs.washington.edu/

Current	CEO	of	the	Allen	Institute	for	Artificial	Intelligence	
(research	institute	funded	by	Microsoft	Co-Founder	Paul	
Allen).	Here:	http://oren-etzioni.people.allenai.org/
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Music,	Sports,	and	the	Entertainments…
Music	is	less	art	than	science	now.

Sports	are	almost	completely	data	driven.

Review



Review



Review

Chris	Anderson	(Wired Editor–in-Chief)	argues	“big	data”	(epidemiology)
is	all	you	need.	 In	a	data	driven	world,	there’s	no	need	for	theories.	

Scientific	method	replaced	by	statistical	correlations,	devoid	of	theory.	



Review



Review



Is	this	a	good	position?
Is	“big	data”	all	we	need?
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Epidemiology	is	very	useful	to	answer	some questions:
What	conditions	(sleeping	position,	etc.)	maximize	the	odds	of	SIDS?
How	much	asbestos	exposure	is	necessary	to	induce	mesothelioma?

How	many	volts	are	necessary	to	ensure	death	by	electrocution	
in	well-behaved	prepubescent	children	who	love	balloons?

What	els
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You	can	only	study	what	you	can	measure.

You	can	only	correct	for	what	you	can	measure.

You	can	only	make	claims	about	what	was	measured	
and	controlled	for.

Epidemiology	isn’t	doing	that.

Review



Review

Where	
do	I	fit	in

to	all	of	this
?



We already talked about that!
You’re being a bore. Either say
something new or remain in
life’s audience.
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Review

Once your topic is sufficiently narrowed, and all of your variables are
identified, start exploring the currently-existing literature. This will
require a lot of work. It won’t just be a few hours. Count on it taking
you nearly forever.
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Review



Basic	(or	pure)	research: Bench	science.		You’re	a	microbiologist	
working	with	Petri	dishes.		You’re	a	chemist	who	uses	Bunsen	
burners	and	thinks	about	petroleum.		You’re	a	geneticist	studying	
adaptations	in	fruit	flies.		Originally	limited	to	university	settings.

Applied	research:	Research	that	translates	into	“best	practices”.		
Originally	an	“industry”	thing.
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“We’re testing a conditioning program that
should be the most effective thing you can do
to prepare for your sport. We need 60 world-
class volunteers. We’ll randomize 20 to the
group that gets the program we think is best;
we’ll randomize another 20 to a comparison
program, which we believe will be a bit less
effective; and the remaining 20 will be a
control group; none of them will be allowed to
exercise for the duration of the experiment.”

Why	does	this	not	happen?

Well-controlled studies need
control groups and few pro
athletes (or Olympians) are
willing to be in the control.

Gaps	are	bound	to	exist	where	data	collection	is	difficult	to	accomplish.
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This	would	be	malpractice.

There’s	a	shortage	of	evidence-based	training	programs	for	elite	athletes.

“I	was	hired	to	produce	winners.		But	I	decided	to	run	experiments	
on	my	athletes,	which	ensured	that	many	of	them	would	be	losers.”

Review



Internal validity is soundness of one’s methods (controlling for extraneous
variables that might confound findings). With perfect internal validity, your
claim is very probably true, but a narrow question with a narrow answer.

External validity is the ability to generalize. “Zumba causes a drop in body
fat” (or whatever). Broad question, broad answer.

Consider blood pressure:

On average, exercise reduces blood pressure by 4 to 9 mmHg.

But if you look at the individual people who make up that average, you’ll see
a different story.

Internal	vs.	external	validity.
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For	example:	
If	you	regularly	perform	aerobic	exercise,	
will	that	lower	your	blood	pressure?

Internal	vs.	external	validity.

Review



723	subjects.		

~400	responded	to	exercise	
with	reductions	in	SBP.		

Mean	and	median	changes	
were	reductions	in	SBP.		
Thus	“exercise	reduces	
blood	pressure!”		

>	300	subjects	experienced	
an	increase in	SBP.
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12%	of	subjects	experienced	
blood	pressure	increases	of	
at	least	10	mmHg.		

Similar	distributions	were	
found	to	exist	among	these	
same	subjects	in	insulin,	
cholesterol,	and	
triglycerides.
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Translation:
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What	is	variance?

Tell	me	all	about	variables.

Independent	and	dependent	variables?
Extraneous	variables?

What’s	the	difference	between	a	univariate	
and	a	multivariate	analysis?

Nominal	data?		Binary	nominal	data?	
Ordinal	data?	Interval?		Ratio?		Scale?

Between-group?		Within-group?
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• Evidence-based	practice

• What	are	the	differences	between	
basic	(pure)	and	applied	research?

• What	does	“bench	to	bedside”	mean?
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What’s	political	arithmetic?

Remember	all	the	stuff	about	variables…

What’s	epidemiology?

Describe	epidemiology	in	the	19th century.

Describe	epidemiology	in	the	20th century.

Today:	epidemiology	in	the	20th and	21st centuries.

What	are	the	three	major	types	of	epidemiological	studies?
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If	you	don’t	have	a	drink	in	your	hand,	
it’s	your	own	fault.

Every student has the exact same access to the exact same readings,
slideshows, and course materials. Every student has the exact same access
to the exact same lectures, office hours, and GAs/tutors. And every student
takes the exact same test.

Some students get As, some get Bs,
some get Cs, others get Ds, and there
might be an F or two. This distribution
has everything to do with the student
and nothing to do with the nature of
instruction or examination. You are
fully in control of your grade. And life.

Final	Thoughts	on	the	First	Exam



Final	Thoughts	on	the	First	Exam

I’m not an “easy A”. And anyone who is doesn’t care about you; they only care about themselves.
Professors who assign As to students who didn’t earn them do so for three reasons: 1) So you’ll like them,
2) So you won’t complain, and 3) So you’ll give them friendlier student evaluations at the end of the
semester. Issuing an easy A is a selfish and terrible thing to do.

Life is hard and unforgiving, you’ll find. Much more difficult than school. It grades way harder than I do.
Pretty much everyone in America has (or is getting) a college degree. No matter what you want to do
with your life, you’re going to have to outcompete huge crowds of educated, talented, motivated people.
And it’s nearly impossible. So if you spend your undergrad years comfortably coasting your way to As,
there’s little chance you’ll find success after college. Life really is that hard. So anyone who gives you
easy grades is not setting you up for success. My life would be easier (nobody would complain about
anything) if I gave out As for free. But the future net worth of my students would suffer summin’ fierce.
So I won’t do that. BUT: everything you need to get your A is in the slides and lectures, and I tell you
which parts of the books are helpful. That doesn’t make the A “easy”, but it definitely makes it
achievable. If you want it, it’s yours. And it’s useful to have.


