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Introduction

Introduction

@ These slides give an introductory example of Randomized Control
Trials (RCT)

» RCTs are a method for causal inference

@ In economics settings they are expensive and often difficult or
impossible (for ethical reasons) to run

> exceptions are experiments in computer labs and field experiments in
development economics.

@ Here we consider the cleanest case where assignment to treatment is
completely random

> similar individuals are assigned to treatment by a coin toss.
@ In practice RCTs can be more complicated than this

> then adjustment may be made using methods detailed in slides
treat.pdf.
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Introduction

@ Separately the Stata file rct.do implements these methods
» using dataset AED HEALTHINSEXP.DTA

e Data are from chapter 13.5 of A. Colin Cameron (2022)
Analysis of Economics Data: An Introduction to Econometrics
https://cameron.econ.ucdavis.edu/.

o Data originally from Aviva Aron-Dine, Liran Einav, and Amy
Finkelstein (2013), “The RAND Health Insurance Experiment, Three
Decades Later”, Journal of Economics Perspectives, 27(1), pages
197-222

» and in turn these data are from Willard G. Manning, Joseph P.
Newhouse, Naihua Duan, Emmett B. Keeler, and Arleen Leibowitz
(1987), "Health insurance and the demand for medical care: evidence
from a randomized experiment,” American Economic Review, pages
251-277.
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Randomized Control Trials

Randomized Control Trials

@ A randomized control trial randomly assigns individuals to different
levels of treatment.

@ Example: a drug trial with individuals randomly assigned to either
receiving the drug (treatment) or a placebo (control or untreated).

> a simple assignment mechanism is to toss a coin
> ideally the trial is a double-blind trial where neither the patient nor
doctors know who received the drug and who received the placebo.

@ The estimated treatment effect is simply the difference in means

> Vtreat — Ycontrol

o Inference is based on t = (% — ¥c)/se( — yc)

> se(pr — o) = \/(stz/nt) + (s2/nc) if independence across individuals
* where s? and s? are the standard deviations of y; in the two groups.

@ More generally there may be more than two levels of treatment,
treatment could be continuous, treatment could be at the group level,
and treated and control groups may be unbalanced.
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RAND Health Insurance Experiment

@ Does better health insurance increase consumption of health care?
@ 1970's RAND health insurance experiment is a large social experiment

» randomly assign different levels of health insurance to different families
» families participate for 3-5 years.

@ To ensure participants were not worse off by participating compared
to their usual health insurance

> all policies had an annual limit (MDE) after which health care was free
» and if potentially worse off people were given a lump sum

@ The experiment cost many hundreds of millions in today's dollars

> details and results are given in Manning, Newhouse, Duan, Keeler,
Leibowitz, Marquis (1987), American Economic Review, pp.251-277.

> the dataset used here comes from the reanalysis by Aron-Dine, Einav
and Finkelstein (2013), Journal of Economic Perspectives, pp.197-222.
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RAND health insurance experiment (continued)

o Dataset AED HEALTHINSEXP has 20,203 individual-year
observations on 5,915 individuals in 2,205 families
in the experiment for 3 years or 5 years.

@ We use data for the first year of experiment and only selected
variables.

» y = total annual spending on health
» x includes six different and mutually exclusive insurance plans ranging
from 0% coinsurance (free care) to 95% coinsurance
@ The coinsurance rate is the percentage of health costs paid by the
individual
> as already noted after an annual limit (the MDE) care is free in the
margin (100% coinsurance).
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RCT Example: RAND health insurance experiment

RAND health insurance experiment (continued)

@ The insurance plans are ordered by decreasing generosity (increasing
coinsurance)

VariableRBPREEEStoragelREDisplayBEEREValue
BERENnameREREEREERRtY peBREEformatERERlabe 1PRREEREVariablellabel

spending Bdoublel@%9.0g inpatient@+BoutpatientBinE20110%

coins@ BfloatBRRE%9.0g =B1RifRe%Ecoinsurancel(free)BandB=EORotherwise
coins25 BfloatBREE%9.0g =R1BifE25%Bcoinsuranceland@=EOEotherwise
coinsmixed BfloatBRE%9.0g =E1RifE25%/50%EmixBcoinsurancefandi=E0Rotherwise
coins50 BfloatBREE%9.0g =R1PifE50%BcoinsuranceBand@=EORotherwise
coinsindiv BfloatBREE%9.0g 1PifPindividualBdeductibleBand@=EOEotherwise
coins95 fB95%Bcoinsurancelland otherwise
coinsrate coinsuranceBratelforBplan

mde majorBdeductibleBexpenditurelinE1984$%

spending inpatientB+Boutpatient@inE201

oop out_of_pocketB(spendingBnotBcoverediBby@insurance)

A. Colin Cameron Univ. of California, Davis Randomized Control Trials March 2023 8 /19



RCT Example: RAND health insurance experiment

RAND health insurance experiment (continued)

@ Summary statistics

BEEERES , 639BRER1679 . 47 2ERERA968 . 06 8EREREEEREES 175831
[E 5, 639RERR3 . 310516EERE2 . 025611 11 76
2] 2 2 M a2 a2 [ 2 J1ER RIR1

4710266REEEERERREQERRRRRRRREL
317009 2ERERRERERNORRERERRRIERE L

oinsmixed
0ins50
oinsindiv
0ins95
coinsrate

279087 1ERERREREERORERRERERREE L
. 248869 3RRERERARREORRRRRERERR1
411302 8ERRRERRERROERRRERRERRL
BERRRRS , 639ERRE . 1874446BRRE . 39030261 1O
BEERRRS , 639BRRE . 3935136RREE . 3508856 ORI

21

q
RIRIRIRIREERImde

CIZERERS , 639ERREA418 . 4664ERRE381 . 1799ERRERERENREORERERRE 1000

PRRRRERRRoop

CIRERERS , 639ERRE228 . 636 7ERRERA63 . 2244RRRERERERREORER4340 . 814
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Differences in Two Means

Difference in Two Means

@ First consider free care insurance versus any other insurance.
» The treatement is free insurance: coinsQ = 1
» The control is any other insurance: coinsO = 0.
@ We use subscript 1 to denote the first population (coins0=1) and
subscript 0 to denote the second population (e.g. badhealth=0).
o We define

X to be the random variable of interest (e.g. spending)

#1 and p to be the population mean of X in the two populations
X1 and Xg to be the sample averages in the two populations

o1 and og to be the standard deviations in the two populations
SX, and sx, to be the corresponding standard errors of X1 and Xg.

o A 95% confidence interval for the difference y; — 1, is then

> estimate+1.96 xstandard error where se(x; — Xp) = ,/5)2-< + 5)2-<0
1

()‘q —)?Q) +1.96 x se()'q — )?0).

v

Yy vV VY

® And a test Ho = 7/‘0 against Ho : pu; # i, uses
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Results using a standard in two means test command

@ Using a standard difference in two means test

E*EDifferencelinBtwolmeans :Bfreecarel(coins@=1)REversusBanyBotherf(coins0=0)
.BttestBspending,Bby(coins@)BunequalBreverse

TwollsampleBtBtestBwithBunequalkvariances

td.Bdev.

[95%Bconf.Binterval]

Combined

Bdiff

BPr(TEEt)E= 1.0000

@ The difference of $709.89 is statistically significant at 5% since
p = 0.000 < 0.05 .
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Differences in Two Means

Results using regression on an indicator variable

@ Equivalently we can regress the outcome on an intercept and an

indicator variable for treatment.

.E*EDifferencelinktwolimeans :BusingBOLSEregression
.BregressBspendingBlcoins@,Bvce(robust)

PEEEEEEERERRRRERENumberEofEobs
F(1,B5637
ProbB>&F
REsquared
RoOtEMSE

Linear@regressionEEEEEEEE

[14957.2

B
spending |BCoefficienthk

B[ 95%kconf.Binterval]

709.8889

[[1984.7188
11602 .007

@ This gives same results

> but can get better standard errors - here option , vce(cluster

idfamily)
> and can add extra variables to allow more precise estimation.
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Differences in Several Means

Differences in Several Means

@ Now consider differences across the six mutually exclusive insurance

plans.

@ Regression with no intercept gives the mean spending for each
coinsurance variable

@ Mean spending generally drops with increasing coinsurance.

A*EMeanBspendingBbyBincreasingflicoinsurancellrate
egressBspendingBicoins@Bcoins25@coinsmixedBcoins5@BcoinsindivBicoins95,8///
vce(clusterBidfamily)Bnoconstant@noheader
EEEEREEREREEERREREREERRRRRR (Std . Berr . BadjustedEfor 1,930BclustersBin idfamily)

oinsindiv
0ins95
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Differences in Several Means

Results (continued)

@ OLS regression with coins0 omitted gives difference in means
compared to free care

» average spending is less with coinsurance

.B*BDifferenceBinBmeanBspendinglicomparedBtolo%coinsurancel(freelBcare)
BregressBspendingBcoins25kcoinsmixedBcoins50RcoinsindivBicoins95,R///

>EEERRvVce (clusterBidfamily)Bnoheader
PERRERRRERRRERRRERREERRERRR (Std . Berr . BadjustedBfor 1,930RclustersBin idfamily)

BERERspending

coins25
oinsmixed
coins50
oinsindiv
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Differences in Several Means

Results (continued)

@ Test of overall significance is test of differences in means

> HO:V0:H1:V2:V3:H4:V5

» F(5,1929) = 11.39 with p = 0.0000 so highly statistically significant

effect

> note: standard errors cluster on family as insurance is at family level.
@ We can include additional regressors.
@ This is unnecessary for this RCT as it satisfied two conditions

> there was random assignment of family to insurance plan

> there was balance across insurance plans

* the stratified assignment mechanism of the experiment (on age,
education, , income, family size, health status) was successfully

implemented
> but it may increase the precision of estimation
> here adding age, gender and indicators for bad health and good health
makes little difference.
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Further Details

@ Properly conducted RCTs are regarded as the gold standard for causal
inference

> however, there are still many caveats.
@ Results for an experiment need not extend to the population
» e.g. medical trials may be restricted to certain ages, certain gender and
to those healthy enough to participate.
@ Extending an RCT to the population may lead to changes in the
treatment effect
> e.g. providing more generous insurance to the entire population will
increase demand and hence prices of health care.
@ A treatment may be statistically significant but have small effect

» drugs are approved if they show a statistically significant effect at 5%

> but this can arise with only a small improvement due to the drug

» e.g. there might only be an improvement in outcome for 40% of those
receiving the drug compared to 20% for those receiving the placebo.
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Further Details

RCTs in economics

@ RCTs are difficult to run in economics, due to expense and/or ethical
reasons

> e.g. we cannot assign some to just a high school education and others
to college education.

@ And when they are run in economics they are often unbalanced

> the treated and untreated groups may differ in characteristics that
determine in part the outcome.
> so use adjustment methods detailed in the slides tr_treat.pdf

@ As a result economics relies more on so-called natural experiments or
quasi-experiments with methods detailed in this set of slides

> but as much as possible these are viewed as if they were an experiment
> in particular specify a “counterfactual” that takes the place of a
control.
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References for RCTs

@ A. Colin Cameron (2020), Analysis of Economics Data: An Introduction to
Econometrics, chapter 13.5.

@ Joshua D. Angrist and Jérn-Steffen Pischke (2015), Mastering Metrics, Princeton
University Press, chapter 1.

@ A. Colin Cameron and Pravin K. Trivedi (2022), Microeconometrics using Stata:
Volume 2, Second Edition, Stata Press, chapter 24.3-24 4.

@ Joshua D. Angrist and Jérn-Steffen Pischke (2009), Mostly Harmless

Econometrics: An Empiricist's Companion, Princeton University Press, chapter 2.

@ Jeffrey M. Wooldridge (2010), Econometric Analysis of Cross Section and Panel
Data, Second Edition, MIT Press, chapter 20.

@ Guido W. Imbens and Donald B. Rubin (2015), Causal Inference in Statistics,

Social, and Biomedical Sciences, Cambridge University Press, chapters 4-11.
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References for RCTs (continued)

@ Books by non-economists.

@ Richard J. Murnane and John B. Willett (2010), Methods Matter: Improving
Causal Inference in Educational and Social Science Research, Oxford University

Press, chapters 4-7.

@ Andrew Gelman, Jennifer Hill and Aki Vehtari (2022), Regression and Other
Stories, Cambridge University Press, chapter 18.

@ Specialist economics book.

@ R. Glennester and K. Takavarasha (2013), Running Randomized Evaluations: A

Practical Guide, Princeton University Press.
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