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Empirical)risk)minimization)in)
practice

• Empirical)risk)minimization)as)a)component)of)a)
large&system
• Allocation)decisions
• Pricing'decisions'

• Outcomes)of)statistical)learning
• Inform'decisions
• Indicate)if)system)needs)to)be)changed/updated



Online&advertising

Ad#displays#based#on#causal#model#of#relevance

Effectiveness*
evaluated(by:

• The$fact$of$ad$
display

• User%engagement%
(“likes,”*comments)

• User%clicks



Treatment(effects

• General'model:'policy'(ad'display)'leading'to'
specific'outcome'(user'click)

• Statistical(model:(study(how(application(of(
policy'(treatment)'changes'the'distribution'of'
outcome
• Treatment(status:(D(=(0(or(1
• Treatment(outcome:(random(variable(Y(1)((if(D=1)(
or#random#variable#Y(0)#(if#D=0)

• This%is%a%very%popular%model%for%statistical%
analysis'of'policies'



Treatment(effects

• Economists)and)social)scientists)are)often)
interested(in(seeing(how(a(population(responds(
to#a#treatment#or#program.

• We#already#talked#about#effect#of#ad#displays,#
other&examples&include&the&effectiveness&of&job&
training'programs,'the'impact'of'a'minimum'
wage,&and&the&effect&of&school&vouchers.

• Program'evaluation'concerns'estimating'the'
effect%of%such%programs,%policies,%and%
interventions)(i.e.)treatments).



Treatment(effects
• Ideally,(we'd(like(to(compare(the(same(individual(with(and(
without'treatment'(i.e.'compute'Y(1)!Y(0)%for%each%individual),%
but$this$is$clearly$impossible.

• An#alternative#is#to#run#a#randomized#experiment.#How?
• Construct)a)random)sample)of)n individuals)and)assign)
treatment'Di ="D"to"a"randomly"selected"subset"of"them"(the"
treatment'group)'and'keep'the'remaining'subset'as'a'control'
(the%control%group).
• Select&n users%and%show%an%ad%to%a%random%subset%of%them
• Select&n unemployed*people,*give*some*job*training*to*a*random*
subsample)and)compare)employment)outcomes.

• select&n kids,&give&school&vouchers&to&a&random&subsample&and&compare&
education*outcomes.

• select&n sick%people,%give%a%new%drug%to%a%random%subsample%and%
compare(health(outcomes.



Endogeneity

• When%a%regressor%is%correlated%with%regression%error,%
we#call#it#endogenous

• Endogeneity*most*commonly*arises*when*variables*
that$had$to$be$included$in$the$regression$were$omitted

• E.g.$when$the$regression$model$is$
Y=a0+a1X1+a2X2+u
but$we$fail$to$include$X2 and$instead$only$include$X1,"

then%coefficients%estimated%from%model
Y=b0+b1X1+v#

will$not$produce$accurate$estimator$for$a0 and$a1



Endogeneity

• The$reason$is$that$if$Y=a0+a1X1+a2X2+u"is"the"
true%causal%model,%then%in%the%short%model%
Y=b0+b1X1+v# is#a#part#of#the#residual#v

• Therefore, if X1 and X2 are correlated, then X1
is correlated with v in the short model and b1 is
not an accurate representation of a1

• We can verify that the OLS estimator for a1 in#
the$short$model$is$biased



Endogeneity

variables(then(b1(does(estimate(a(causal(effect!



Treatment(effects

• Causal&parameter&of&interest:&average&
treatment'effect (ATE)
a ="E[Y(1)!Y(0)]&=&E[&Y&|&D=1&]!E[#Y#|#D=0#]

• If#the#treatment#is#randomly#assigned,#Di will$be$
uncorrelated+with+the+omitted+variables+by+
construction.*Why?

• As#a#result,#we#can#estimate#ATE#via#regression
Y=a0+aD+v



Treatment(effects

• The$estimator$produced$from$a$linear$regression$of$Y$
on#D#is#called#the#differences#estimator#since#it#is#the#
difference(between(the(sample(average(outcome(of(
the$treatment$group$and$the$sample$average$outcome$
of#the#control#group.

• Since&an&ideal&randomized&experiment&eliminates&any&
correlation*between*D*and*all*other*variables*that*can*
cause&changes&in&Y,&the&differences&estimator&is&
unbiased

• Of#course,#real#world#experiments#are#not#always#
ideal,'can'lead'to'endogeneity'of'D



Internal(and(external(validity

• We#say#that#model#is#internally#valid#if#its#
estimates'converge'in'probability'to'true'causal'
parameters(in(the(given(population.

• We#say#that#the#model#is#externally#valid#if#its#
causal&predictions&extend&to&other&populations

• Threats(to(internal(validity(include
• Failure(to(randomize((so(randomize(next(time!)
• Failure(to(follow(treatment(protocol((e.g.(non!
compliance)

• Attrition'(e.g.'most'able'drop'out'of'job'training'
because'they'get'a'job)



Internal(and(external(validity

• We#say#that#model#is#internally#valid#if#its#
estimates'converge'in'probability'to'true'causal'
parameters(in(the(given(population.

• We#say#that#the#model#is#externally#valid#if#its#
causal&predictions&extend&to&other&populations

• Threats(to(external(validity(include
• Nonrepresentative,sample
• Nonrepresentative,program/policy
• General'Equilibrium'effects
• Treatment(vs.(eligibility(effects



Causal&inference&with&randomized&
experiments

• In#an#ideal#randomized#experiment,#the#causal#effect#can#be#
estimated(with(the(differences(estimator

• If#treatment#is#random,#the#differences#estimator#is#unbiased,#
but$may$have$high$variance$(i.e.$not$statistically$efficient).

• Also,&if&some&of&the&problems&on&the&previous&2&slides&are&
present,(the(differences(estimator(may(be(biased.

• Due$to$these$potential$problems,$it$may$be$necessary$to$add$
additional(regressors(to(the(differences(estimator:

Y"="a0 +aD +"b1W1 +"…+"bkWk +"v
where%W1,…,Wk are$variables$measuring$k$individual$
characteristics)of)each)person)in)the)sample.



Causal&inference&with&randomized&
experiments

• The$OLS$estimator$for$a in#the#model

Y"="a0 +aD +"b1W1 +"…+"bkWk +"v"

where%W1,…,Wk are$variables$measuring$k$individual$
characteristics)of)each)person)in)the)sample)is)called)the)
“differences*estimator*with*additional*regressors”.

• Here,%D%is%the%treatment%variable%and%the%W's%are%called%“control%
variables".

• So#what's#a#control#variable?

• A"control"variable"is"a"variable"that's"included"to"control"for"a"
possibility)that,)if)omitted)from)the)regression,)would)lead)to)
biased'estimator''for'the'coefficient'of'interest

• That%is,%controls%are%not%of%interest%per%se,%but%are%in%the%
regression(to(control(for(omitted(variables(that(could(be(
correlated)with)the)variable)we're)actually)interested)in.



Imperfect)randomized)experiments
• Inclusion)of)control)variables)allows)us)to)relax)the)requirement)
that$treatment$assignment$D$must$be$fully$random

• If#the#treatment#assignment#is#independent#from#the#outcome#
conditional)on)the)control)variables,)then)model

Y"="a0 +aD +"b1W1 +"…+"bkWk +"v"
still%produces%a%correct%estimator%for%the%ATE

• However,(the(assignment(of(treatment(may(be(different(
depending'on'the'values'of'control'variables'W
• We#may#treat#individuals#with#different#characteristics#differently
• There%could%be%restrictions%and%budget%constraints%that%do%not%allow%treat%

the$entire$population



Why$include$additional$regressors
Y"="a0 +aD +"b1W1 +"…+"bkWk +"v
1. To#improve#efficiency
• Including)the)additional)determinants)of)Y reduces'
the$variance$of$the$error$term.

2. To#check#for#randomization
• If#treatment#is#correlated#with#the#W’s,#models#with#
and$without$W’s$will$give$different$results,$indicating$
a"problem.

3. To#adjust#for#“conditional”#randomization
• If#randomization#depends#on#W’s#,#we#can#control#
for$their$influence$by$including$them.



Quasi&/Natural&experiments

• For$cost,$ethical,$and$practical$reasons,$ideal$
randomized*experiments*are*rare*in*the*social*
sciences.

• However,(the(methods(we’ve(seen(so(far(can(
carry%over%to%nonexperimental%settings.

• In#a#quasi!experiment)(aka)a)natural)
experiment),+variations+in+laws+or+
circumstances+or+accidents+of+nature+are+
treated&“as&if”&they&induce&random&assignment&
to#treatment#and#control#groups.
• e.g.$differences$in$laws,$location,$timing,$birthdates,$
etc.



Quasi/Natural+experiments
There%are%two%types%of%quasi!experiments

1. Those&in&which&whether&(or&not)&an&individual&receives&
treatment'is'viewed'“as'if”'it's'randomly'determined.

2. Those&in&which&the&“as&if”&random&variation&is&only&a&partial&
determinant)of)treatment.

• Examples)of)the)first)type)include
• Using&randomization&from&experiments&not&related&to&the&experiment&of&
interest'(e.g.'Google'constantly'experiments'with'various'user!facing'
features)

• ”Shock'events”'(weather'phenomena,'civil'unrest'events,'etc.)

• Examples)of)the)second)type)include
• Men's&birthdays&partially&determining&draft&lottery&numbers
• Distance)to)a)cardiac)cath lab$partially$determining$cath rates



A"trashy"example



A"trashy"example



A"trashy"example



A"trashy"example

• The$difference$regression$for$the$houses$sold$in$
1981$is
Price&=&101.3&– 30.7%D

where%D%is%the%variable%that%is%equal%to%1%if%the%
house&is&“close”&(within&3&miles)&of&the&incinerator&
site
• Average'selling'prices'for'houses'near'the'
incinerator)are)$30.7k)lower)than)those)that)
aren’t'



A"trashy"example

• This%does%not%imply%that%the%incinerator%caused
housing(prices(to(drop

• The$regression$for$the$houses$sold$in$1978$
produces
Price&=&82.5&– 18.8D

• Even%before%there%was%talk%of%building%the%
incinerator,*houses*near*to*its**future*were*
significantly+cheaper+than+houses+that+were+not
• Is#this#surprising?



Difference!in!differences)estimator
• The$problem$here$is$that$treatment$(i.e.$houses$near$
incinerator)*and*control*(i.e.*houses*far*from*incinerator)*are*
different(from(the(very(beginning

• Introduction*of*incinerator*changed*disparity*between*the*
values'of'two'types'of'houses'and'this'is'exactly'what'we'need'
to#measure

• To#do#this,#we#need#to#use#time#variation:#measure#the#
difference(between(prices(of(houses(near(and(far(from(
incinerator)before it#was#known#that#it#was#arriving#and#
difference(between(prices(of(houses(near(and(far(from(
incinerator)after

• The$difference$between$these$two$gaps$would$produce$the$
actual&impact&of&the&incinerator&construction&and&is&called&the&
difference!in!difference(estimator(



Difference!in!differences)estimator



A"trashy"example



Difference!in!differences)estimator

• Because'quasi!experiments*typically*don't*have*
true%randomization,%there%can%be%systematic%
differences)between)the)treatment)and)control)
groups

• As#before,#the#Diffs!in!Diffs%estimator%can%easily%
be#extended#to#include#additional#control#
variables
Y"="a0 +aDG +b1D+b2G"+"b3W1 +"…+"bk+2Wk +"v

which%can%also%improve%eciency.



A"trashy"example



Sales&and&online&advertising
Many%online%retail%platforms%rely%on%search%
advertising



Sales&and&online&advertising

• Ads$are$sold$through$auctions$(much$more$
coming'soon,'stay'tuned!)

• Large&platforms&bid&on&100’s&of&millions&of&
keywords

• Looking'for'“instant'gratification:”'consumer'
sees#the#ad#and#buys#a#searched#item#on#the#
platform
• Is#ad#exposure#exogenous#here?



Sales&and&online&advertising



Sales&and&online&advertising
• In#2012#eBay#stops#ads#in#several#randomly#selected#
submarkets*and*selects*a*“close*to*identical”*set*of*control*
submarkets*where*ads*are*running

Reported(in(Blake,(Nosko,(Tadelis((2017)



Sales&and&online&advertising
• Diff!in!diffs%(region%selected%for%experiment%+%
before&and&after)

Reported(in(Blake,(Nosko,(Tadelis((2017)


