_ Umversﬂ:a degll Stud: di Pisa
D1part1mento di Statistica e Matematica
Apphcata a]l’Econonna '

Repoﬁ iz 2'65.

An exercise in estxmatmg causal effects for non-comphers.
' the retum to schoolmg in Germany and Austrla

Andrea Mercatantl

Pi_Sa,} Maggio 2005

" - Stampato in Proprio —

Vla Cosimo Ridolfi, 10 - 56124 PISA - Tel. Segr. Amm. 050 2216231 Segr Stud 050 2216317 Fax 050 2216375
Cod. Fisc. 80003670584 - P.. IVA 00286820501 - Web http //statmat.ec. umpl it/ - E-mail: dipstat@ec. u.mpi it




An exermse in estlmatmg causal eﬂ"ects fer
non—comphers the return to schoolmg m
| Germany and Austrxa

Andrea Mercatantz (mercatan@ec unipi. 1t)
sza,rtlmento di Statistica e Matematica Applicata alI’Economla
Umversma di Pisa; Vla C. R1dolﬁ 10, 56124 Plsa, Italy

11 May 2005

Abstract :
Noncomphers are usually labeled as the individuals who treat-
ment status is not affected by the assignment to treatment. Adopting
- the randomized experiment with noncompliance as a template for the
* identification of causal effects by the nonparametric Instrurnental Vari-
. ables method, requires to impose only treatment mediated effects of
... the assignment on the outeome. 'This means suppesmg the nencom—_
_pliers causal effects to.be null. -
_ In spite of its importance this assumptlon can be often unrealis-
. ticin praetlce Adopting a. new constrained likelihood maximization
R procedure, the paper proposes ‘an example of est1matmg causal effect
~ for noncompliers. The application is suggested by a recent paper of
Ichino and Winter-Ebmer (2004) who investigated the long run edu-
cational cost of World War II, and it results in significant effects of
‘the proposed assignment to treatment.
‘Keywords: instrumental variables, non-compliance, exclusion re-
striction, return to schooling.

1 IﬂtrOduCtion. |

Traditional identification and evaluation of causal effects using the Instru-
mental Variables method (IV henceforth) or its parametric counterparts, re-
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; hes on the 3ssumptlon that mformatmn a,bout the treatment effects on the_ o
s outcome is essentlally prov1ded by ‘units Whose treatment stat:us is affected
by the ass1gnment to treatment; these umts are usually Iabeied as comphers L
"-The treatment’causal effects for non—comphers units that Would receive or'_-“'_‘_- _
'would not receive the treatment regardless of whether it is asmgneci arein- o
deed supposed to be null Thls assumptlon is usua}ly Iabeled as the exclusmxy e
:,‘.restnctmn, and in splte of its 1mporta,nce, it.can often be unrealxsmc in prac-
“"tice. However relaxing the exclusion restriction is not strazghtforward The
AT ;iassumptmn is indeed necessa;:y in order to 1dent1fy local causal effects when - o
R the non-parametric analysm is supported by instrumental vana,bies, and it is - i
" also related to the identifiability of the parametric iodels (Angrist, Imbens =~ '
. and Rubin, 1996; Imbens and Rubin, 1997a). New approaches to relax the . "~ "
S assumpf;mn and then estxmatmg causal effects for non-compliers in paramet— o i
" ric_contexts have been recently proposed and based for examples on pr1or"’:_‘ '
Cai 'dlstmbut;lons in a Bayesian framework (Hirano, Imbens et al 2000), or. 011_
L '*:.-_-,{'Imtroducmg pretreatment variables (Jo, 2002). : |
7 In the microeconomic llteratuxe, the IV. method has been w1dely used
for evaluatmg the return to schooling.. The method provided indeed a good_ L
L strategy for solving the selection bias problem that arises when individual’s
" choice of educational attainment is related to the potential earnings (Card,
- . .1999). Under a set of assumptions defined by Angrist, Imbens and Rubin
" (1996) the IV method allows to identify and to estimate average treatment
. effects but only for. the sub-group of compliers, individuals who educational . .
' attainment is affected by the particular instrument adopted. Some previous = =
- studies prowde examples of various choices of the mstrument such as: the =%
. quarter of birth (Angnst and Krueger, 1991), the college proximity’ (Card, - o
11995; Klmg, 2001), an education policy reform (Denny and Harmon, 2000), . ™
"’ the presence of any sisters (Deschenes, 2002), the place of childhood (Becker -
*‘and Siebern-Thomas, 2004). In particular Ichino and Winter-Ebmer (2004) o
_ proposed more than one instrumental vanables in order to estimate the long
- run effect of World War II on earnings'. Their aim was in 1dentxfyxng and
- estimating the effect of one more year of schooling for individuals who had
o to reduce their educational attainment because of World War I1.
**~In this paper we want to propose an example of estimating causal treat-

. - *Local Average Treatment Effects of education were estimated by using as alterna-
.- “'tive instrumental variables: the cohort of birth, an indicator of the father educational -
N background and an md;c&tor of the father 8 servmg in the mlhtary durmg World War II.



:.'-_tal vanable At these purposes We run a hkehhood analys:s

- _ment effects for non—compliers in 1 the same economic. contex of Ichino
: -WmteruEbmer {2004). pa,per, and usmg the cohert of birth as an instrum

and will be presented in Sect1on 2 Whlle Sectlon 3 wﬂl sho
the apphcatlon - o

\ '-2 Theoretlcal framework

= _._a.iways take the treatment?. . =
5 . The connection between the randoxmzed expenmem: Wlth unperfect om

'.phance and the IV model is-in the fact that, under the 1atter ‘the- partxc~ :

- define the compliance status, a comparison between the treatment recewed". S ey
- by a generic unit assigned to z;, and the treatment of the same upit ifibwas o 0o
L a551gued to the alternative treatment (1 — 2;) is necessary. Units for which
=1 1mphes D; =1 and Z; = 0 implies' D; = 0 are called complzers because_"_ - o
'they are induced to take the treatment by the aSS1gnment Units for which.'" o0
. Z; =1 implies D; = 0 and. Z; = 0 implies D; = 0 are called never—takers'_‘ L
'because they never take the treatment, while umits for which' Z; = 1'implies ~=°" " =
" D; = 1and Z; = 0 implies D; = 1 are called always takers because they

~ular instrument adopted should have the role of & mndomzzed asmgnment 3

for which the treatment received does not necessarily comply The starting - D

point for an analysis aimed to estimating the causal assignment effects for. iiﬂ _

“non-compliers, can be the likelihood function proposed by Imbens and Rubm

(1997a), that is a general parametrlc formalization of the IV techmque for a -

~ binary treatient:

L= I O-mudex I mends

z@(;{Dz«-l Z,,WO} ) E eec(Dz-O Zr—l) '

2Umtvs domg exactly the oppos;te of the assignment are caHed deﬁers
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Lo where g(D = od, Dy = z) is the group of the units assummg treatment S Ot
-d. and ass1gned to the treatment 2; wy is the rmxmg probablhty, that is = . . "
the probability of an unit being in the ¢ group, t=a always takers) nono
. (nevér-takers), ¢ (compliers); the function gi, = g2 (¥ my,) is the outcome . L
_*% - distribution for an unit in the ¢ group and assigned to the treatment z; 7 isthe -~ e
' :_‘-_"probabﬂlty of ass;gnment to treatment P(Z =1). Apart from the exclusion -
o ',':'restrlctlon, we are adopting the assumpisions hsted by Angrlst Imbens an,d-_ :
*.Rubin (1996} in order to 1dent1fy causal treatment effects for comphers by the
- "IV method. That are: the Stable. Umt fl"’reatment Value Assumptzon by W]:uch '
i the Potentlal QUa,ntrtzes for each unit are unrelated to the treatment status of "
I other umts, the Random a,sszgnment to t’reatment by whlch the. probablhty
- . to be assigned to the treatment is the same for every unit; the Nonzero causal -
Lo eﬁect of Zi on Dz, and the Monotommty assumptlon 1mposmg the absence -
PN 'ofdeﬁers L : ,
... The analytical and computamonal chfﬁcultzes in mamnnzmg (1) are es-.’. -
e fsentxa,lly due to the two mixtures of distributions involved: q(D- =1,Z;=1) . -
Coand ¢(Dy = 0,7 = 0) -The complications from. which a hkelzhood based,—_ o
s :.analyms for a ﬁmte mixture of distributions in the same class, f (x;0) =
o T Sy fa(x;65), can suffer are indeed well. known (McLachlan and Peel,
- 2000). f‘or many specifications of the denszty or probablhty function futhe - -0
 likelihood is unbounded, like for example in the normal case; even when the =~ |
. likelihood is bounded, we could have multiple local maxima. and so there .
- <would be the problem of 1dent1fy1ng the desired solution to define the MLE.
Moreover the parameter vector 8 is not- identified; because of the general -
- finite mixture distribution, f(x;8), is invariant under the 7' permutations
- of the ‘component labels £ in 8, then only a class of distributions f(x;8) is
L 1dent1ﬁed Thxs is called the label sw1tchmg probiem, and though 11: is not

o 3In part;cular the units in group g(D = 0 Z; = 0) are a mixture of comphers and
o never—takers, and the umts in' group g(D = 1,7 s = 1) are a rmxture of comphers and -
. .always—takers . : . : '



_ ,‘ dlrect ma,xmuza,tlon of (1) can be based on deeper exploltl g the assump- .
o _tl()IlS usua,ﬂy adopted for the estlmatlon of ca,usal eﬂ"ects by the TV method L

"assxgned to z and take the trea,tment d, and wﬂdz is. the condltlona,}:mnung;

Z({,{)dz wt'dz)a ‘

th(Z = 1)7r+th(Z
. d=0,1

O Im'ir)

o Where I (-) is an 1ndlcat0r functlon and it produces a new formulatlon for o :
'the hkehhood’* . . P A

LO= T wwdox T1 weds

Ny iGC(Dﬁ#l,Z@GO} T zég(Dz—G,Z‘;—l)

X H wn [wéliilgg +wc§11 gil] X H - woo [W?;l(.‘;O__g:zO ‘};wc|00,'92_0] v
- ieg(Dy=1,2;=1) ST T dee(Di=0,2=0) e T

Q{0 = (Was, Wiy Ma)| Wite 2 05 Weja 2 0, wnj11 = wajon = ‘_"_4101 =

= wn;m = wclﬁi = wc|m = {; Zwtldz Zzwdz = 1}

‘ 4The new likelihood is equzvalent to the previous for maximization purposes gwen the
| invariance property of ML estimators. : :




' _';to those prevzously 1ntroduced for spec;fymg ( ) Th@ st }
'~ 'the marginal” mixing probabﬂ1t1es in (1), (Wa; Wn- _wc), that

AN of treated units in the group Of not %Slgﬂed umts ¢a =3

‘V"'umts ¢n EzI(D — 0,7 _.1)/511(2 = 1); the dlff

- ¢a.|11

e (z:ﬁr(D =07, ,,,.,1) 10 -;—— ,
¢n]{}0 i

:if e 1nf0rmat10n regarding the estimated conditional mixing proportlons_
' proposed by constraining the maximization of the likelihood function to a

The condltlonal mmng probabxhtles wt|dz can be easﬂ-
Imbens and’ Rubm (1997b) can be’ estimated respectwely

s % Qf’m Where I(- ) is an mdlcator function After: some'-‘calcﬂatlons " SRR

e ey f e

¢c|00 - 1 ¢nl(}0?

¢c]11 =1~ ¢a|11 y

- where i is the sample size.
~An. approach to maximize the hkehhood functzon (2) that exploms the.

sphencal neighborhood of ¢t|dz This procedure Would 1dent1fy the local o

‘_ ‘ma,)umum 9 satlsﬁflng the constraints:

. ML ML
'f¢’a11‘1_ fzvﬁll <h, |¢c;11 - wc|1li <h,

.~ ML '
1¢n|00 n;oef <h, f¢c %ol <h.

: 5Let indicate gbﬂ the estlmated probability bemg comphance status t on the analogy of L -
the Imbens and Rubm (1997b) notation. = =




‘of the hkehhood functmn (2) over the set;

D) DA A —mgh} ELTE

m @c]oi = wc|10 = 0; Zf@ff_t|dzl='_='.'i~-
N 4

Next Sectmn will propose an. apphcatwn where the functzonal form for gtz

The pmposed restncted procedure is then eqmvaient to a. mamnnzatzon ER e

B Q‘f’ {9 wdz,wqdz,mz)!wdz ?_ 0 wﬂdz > 0 wn 1= waloo = Wa!OI wnam e

24 is the normal one. A simulation based study in Mercatanti (2005) shows the * T

_ relative merits of MLE restricted to Qh, for that choice of gi,. In paxticular,.

- " apart from the presence of easxly 1dent1ﬁab1e spurious local maxima on the | SRR

- boundary. of Q¢ or havmg at leasi; a vanance component very. close to zero, |

. ‘the restricted procedure allows an univocal identification of the local mamma‘ Ll

I f-correspondmg to the conszstent estimator provided that the two rrmctures T
' ‘can ‘be sufficiently dzsentangled Otherwme, further assumptions regarding R
o the order of the means of one or both the mlxtures have to be mtroduced

| 3 An example of sxgmﬁcant causal effects for |

non—compllers. the return to schoolmg m -

Germany and Austrla

Two remarkabie microeconoric studles concermng the evaluatxon of causal R R

i effects for- comphers ‘have been recently proposed by Ichino and Winter- Lo

S Ebmer (IW henceforth) in 1999 and in 2004. In both of these papers the -

B authors investigated the causal effect of education on'earnings; the first pa- -
per (1999) was intended for estimating lower and upper bounds of returns to
schooling in Germany, the second (2004) for quantifying the long run educa-
tional cost of World War Two (WWII henceforth) in Germany and Austria.

" In particular the basic idea characterizing the 2004 paper relies on the fact
: ‘that individuals who were about ten years old during or immediately after
~ the war, were damaged in their educational choices compared to individuals

" in the immediately previous or subsequent cohorts. War physical disruptions
. and related consequences indeed made harder to achieve the desired level of

RS "education for the most of the schooling age population in these two countries.
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b were’ ‘mentioned in the prevmus section. In order to show an example of fully
_‘rela:mng the exclusion restrxctzon and consequently est1mat1ng causal effects
“also for non-compliers,: the prevmusly proposed constrained: ML proced

: caﬁsal effects purposes, and the créic:al roIe played by the exclusmn restriction

‘ '_ w111 be here applied to the same economic context of the IW.. (2004) paper.; o o SR

; : Austrian popula,tlon), and from ‘the Socio-Economic: Panel, "Wav 71986

e fboth the countries.:

The ‘data aré from Mikrozensus 1981 for Austria (a- 1% sample of the |

. Germany.. We are. con51der1ng- the males born between, 1925 and 1949 for

B e hourly earmngs for employed workers -are observed bout 40 years
' after the end of WWIL Like IW, and in order to consider the increasing tr d
* ‘of individual earnings respect to age, the outcome Y; is defined as the residual RN
- of a regression of log hourly earnings on a cubic polynomial in age. CAn
increasing trend respect to age characterized also the candldate treatment e e
* that is-the individual ‘years ‘of education; for this reason the residualsofa’ o

.. regression of years of education on a cubic polynomial in age are calcula,ted" ;;7_.:3; RPN

'~ .But for applying the prevxously procedure proposed, the treatment has to,"_'f "
 be a bmary variable. Then we define the treatment, D, equa.l 0. one 1f ._the ‘.

o mdlvzdual residual is smaller than the residuals sample average. and eq 2l 1
~+gero if the'individual residual is greater than the residuals sample av
" In this way we are: con&dermg mdmduais having D; = 1 as low educated, -

~and individuals having D; = 0 as high educated. The cohort of birthis =
~ used as an instrumental vanable, Z;, having the role of a random assignment ”

to treatment. At this purposes, Z; has to be necessarily equal to one for - .
-peopie assigned to be low educated and equal to zero for peeple asmgned E

6O{hher two s1gmﬁcant mstrumental vanables were adopted for Germany an mdlcator--

. " of the father educational background aud an indicator of the father S servmg in the nnhta:ry‘ S
S -durmg the war.

- TLike IW, these residuals are calcda’ced by considering individuals born between 1910 :
and 1960, and by including two dummies (1949, 1952) i in order to cons:.der the iricreases
. in the mlmmal school 1eavmg age in Austna Pl i



to,be hxgh educated Ta.ble 1 shows tha,t both the est1mated mean yea,rs of SRR
educatmn and the estlmated mean. r951duals of the years of education® are - ..
smaller for. individuals in the cohort 1930—399 than for.people-in the cohort i
'obtamed mergmg 1925-29° ‘and’ 1940~4 _cohorts These results suggests to‘-:}"i
define Z; == 1-for 1nd1v1duals born durmg the penod 1930 39, and Z = 0 for
.:mdlwduals born durmg the permd 192529 or’ 1940 49 e o

Ta,ble 1 Estzmated mean years of e ucatzon and estzmated mecm
residual of years of education per country and cohort of birth.

S Country Oohort; of blrth " Num.,- "~ Years  Residuals _of

o - obaérv: "of education = years of educ:. o
'_-'_'Germany 1930~39 S . 633 - -_"11.36 (0.091) -0.243 (0.091) D S
o 192529 U 1940-49 893 11.86 (0.084) 0.099 (0.083) .

: ”»_f'-ﬁf--,:Austxia 193039 TTI785. 918 (0.017) 0134 (0.017)
g 102590 U 194049 1738 0490, 015) 0,073_(0~015) s
Sta,nda,rd errors II]. pa,rentheSIS : S : o o e

S In order to apply the constramed hkehhood maxnmzatxon presented in o
Sectlou 2, we assume riormality for the outcome distributions™.” Table 211
N ‘p::esents the values for the two countmes, of the estimated populatmn pro-

A T port1ons qbt =, qbn,qﬁc) that -are the basis for calculating the vector

e (,bt;dz = (¢>a|n, gbclll, Pricos ¢c|00) on whlch the analyszs has to be restrlcted

L BFor Germany, ‘the units. having mlssmg vaiues in the years of educatxon hoive beett ;_ R
L dmpped and the resultmg sample size is 1526. 'I‘here are no’ missing yea.rs of educatlon ERp A
o _"lfor the 29148 units in the Austrian sampie g \ '
. The mdmduals in 1930-39 cohort were in’ schoolmg age durmg VVWII S R
. '.-10'1‘1]15 assumption is made’ accordmgly to Imbens and ‘Rubin. (1997b) who estlmated' o :
o ‘the teturn to high school in the United States with quarter to birth as an instrumental S
" variable. Normality for the log of weekly earning was there assumed in order to present .
' a parametric MLE alternative to the standard IV method. Other than the exclusion -
| restriction, the authors imposed also that the variance for not assigned compliers equals: - -
" ‘that for never-takers and the variance for assagned compliers equals that for always-takers.
- 11Units having missing values in the yea,rs of education and/or in the hourly earning .~
"have been dmpped The resultmg sa,mple size is 15434 1ud1v1duals for Austna and 1160
' :"for Germany _ o




| ‘l:-_ - assurhe a value of 1. 83 correspondmg to a p—value of 0. 067 (s
e mgmﬁcant effect but at a level of at least 6.7%.

Table 2 Estzmated margma.l and condztzonal populatz
R of complzance status Ci= (a n,c) pe'r' count
Country gy g iy gy
Germany 0 7310 0.2220 -0, 0470 0.93_95_ 0.060:
Austrza < 0. 7798 0, 1519 0 0683 ‘.O -9195' 0.080

informs’ aboui: the causal effect of the supposed randomlzed :
" the treatment we obtam an I:ughly szgmﬁcant result for the:;t'

- Table 3 presents the Tesults of MLE constrained on the Sp_, C
" h =.0.03, and where the more comprehensible mixing probablhtles W
YA (wt;dz ‘Wgy) are reported. mstead of wyg; and wy,. C&lculatlons are

_ based on the EM algonthm (Dempster et a,l 1977’) i SR '
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L ;'f,Ta,bie 3. C‘onstmmed MLE results pe?” COWW‘% h 0 03

Germa,ny_:__‘}:__s.w R

‘Austria

BGer

e < g

MAusl #’cl > Ju'al

9Aus2 P"cl > J“ai L

,u"nl) > Ju’d] ‘.

076 ©. 0253)
02221 (0.0150)

0.2243 (0.0256)
0.3761 (0.0514) -
0.3559 (0.2334)

-0.0872 (0.0317)
.0.1484 (0.0154)

o 02ms (02022)

L 0.5324 (0.0083) .

07769 (0.0075)
0.1489 (0.0044)
00740 (0.0058)

: -0 0740 (. 0032) |
~-0:0802 (0.0042)
- 0.2806 (0.0132)
-+ 0.3502 (0.0123)
~..0.3395 (0.0282)
-0.0437 (0.0326)

0.2780 (0.0019)

0 7764 (0.0075) -
10.1481(0.0044) -

0. 0753 (0 0058) S

| 70..07,40 0.0032)
- -0.0803 (0.0042)

0.3213 (0.0149)

03502 (0.0123)
0.2589 (0.0214) .
00435 (0.0323)

. 083) & = : 02780(00019)&...
. 0.2709 (0.0116) -+ - 0.2464 (0.0032)- 0.2462 (0.0032) .
C 6w 0.2650 {0.0205) ' 0.2883 (0.0096) - 0.4063 (0.0088) -
B o 0.4653 (0.0219) - 0.3779 (0.0080)  0.3779 (0.0080)
8w 09858 (0:1577) | 0.4669 (0.0169) - 0.2349 (0.0163)
CGw - 14304 (0.3420) . 0.5030 (0.0205) 0,5012 (0. 0202)
# Obs e B
Loglik 21404 TT-20799.4 220798, 0
TAR 09722 093547 0.92843

-:cova,nance matnces of ML esti

tOI'S .. 'f-".':i' R

o ;_Standa,rd errors in. pa:renthesm a_,re ca,lculated by the asymptotm

Fo;: Germany the constra,med hkehhood maxmuzatzon produces an umque

o '.non—spunous solution interior to Qh, BGe,, whose elements are all significantly

_dlfferent from zero apart from the outcome means for compliers, . /i, and
 Jtg- Tt is worth noting the improvement in the precision of estimating the
probability of belongness to the compliers group, w., compared to ¢, The

Lo ‘correspondmg standard error 1s mdeed reduced more than a half, 0. 0110 for

o2 For both the countrles, the constramed ML procedure identifies also spurious solutlons .
" on the boundary of Qf:, but these kinds. of spurious maximum points are not troubling

N " because of their easy identifiability. There is no evidence of interior spurious solutlons
. . having at ieast a vauance component very close to zZero. :

11



c_:compa:red to 0. 025 for qﬁc . : R ' : o R
For Austrza, the constramed procedure does not 1dent1fy a ___umque non~ e
_sp:amous interior solutxon we: obtam indeed two maximym. pomt" interiorto -
'fi-fﬂh ﬂAus T and 9 Aus, 2, for whzch all t eters are s1gmﬁcamly dlﬁerent'
-‘-fxom 210 apart from ‘the outcome'mean for assigned compliers, fig;. SRRt
J Last row of Table 3 shows the values of the Allocation Rate (AR): for ea,ch_-j'__"" '
: :solumon Thxs is an useﬁll mdlcator for quanmfymg the mlxtures dzsenta,n._
S -"glement and it is calculated by averagmg ‘the higher 1mputat10n probablhty S

.. for any unit, observed at convergence. of the EM algorithm. ' The AR take "
o the extreme value 1 only if the mixtures are perfectly dlsentangied 0therw1se ST
.~ AR is less.than 1 but positive. Low AR’ value correspond to bad mixtures
" disentanglements, and vice-versa. We observe the unique solution for Ger- 1 .
s - 'many obtain an lngher AR value: compa.red to those for Austria. This result .0 00

- canbe explamed by the reason that the univocal identification of the consxs—}"" '
* tent solution is feasible when a good mixtures disentanglement of both the.
S ”:mlxtu.res happens as indicated by the AR values (Mercatanti, 2005) .
Cn “Table 4 presents the estimated causal effects for each comphance status'_~_i EE
s compared to the estimated causal eﬂ’ect for compliers. obtained by apply- -~
o ing the IV method. under the exclusmn restrlctlon (LATE Local Average_'

o Trea,tment Eﬁect) ; . '

'I‘able 4. Estzmated causal eﬁects for each compliance status from the ‘
constrained MLE, and estzmated LATE per country.

Germany o ' Austria Sl :
BGer " .gAusi Ho > far Bhus i ft > Ju’a.i." S
G . . G ru*nO < -u‘cﬂ o :"Ln{) > .Uco ‘_ﬁ:._:.
g p;i_;ﬁ-._;1;6“'-‘_:?-‘; . 0612 (G 0302) _-9_ 0062 (0.0053) ~ -0.0063 0. 0053) L
Py = Py 10.1518 (0. 05.74)_ . +0.0896 (0.0180)  -+0.0280(0.0194) "

D — Blg - -0.0764 (0.3737) -0.3832 (0.0432) - -0.3024 (0.0387)

LATE -0.1538 (0.6565) = .o -0.3006.(0.0720) R

© Standard errors in parenthesis are calculated by the asymptotic covariance - e

[ ,rmatrlces of ML and 1V estimators. :

.- For Germany, the estlmated LATE assumes a value of —0 1538 buiz not
_ s;.gmﬁcantly different from zero (s.e.: 0.6565). Relaxing the exclusion restric-
| tlon is not sufﬁcmnt to obtain a s1gn1ﬁcant compliers average causal effect,

" 13The imputation probablhty is the conditional probability of unit ¢ belng compliance
st&tus i gwen that the umt is in group g(D = d Ly = z), Mercat&.nu (2005).

| 1’2'



- (Z _0)

- hlg;h school Wage gap reﬁects changes in the relatwe supply of h;ghly educated i

" workers acrdss. cohorts. The authors argued that the increase in the. wage -
- gap for younger men in US. A ;UK. and Canada in the past L_we decades is
" due to the rising of relative demand for college educated labor coupled with
the slowdown in the rate of growth of the relative supply of coliege educated o

 workers, Table 5 and 6 confirin these relations for our two. countneS"

= 0), a

| Both .
B the %tlmated mean of Iog houriy earnings and the estzmate. 'mean of the__'; L _
-~ residuals of log hourly earnings differences between high, (D;

AD; = 1), educated individuals are indeed greater for the c'ohor‘ ,1930—39 S
(Z;=1), than for the cohort obtamed mergmg 1925~29 and 194.{)—49 cohorts, o e

Table 5. Estzmated mean log hourly eammgs per country’ e
educational level (D;), and cohort of birth (Z;).". =

s l'Country o Zy  Num. o D;=0 o Dy=1 ‘-'Diﬂ?ererice,-___ o

observ. -

i Germa,ay =1 B1 543 (0040 2040 (00%) 0480 053):‘:"*“5' S

Z;=0 669 3.317 (0.035) 2.984 (0.024) ~0.333(0.045)

S Ausma " Z;=1. 6214 4509 (0.124) 4.077 (0.004) - 0.432 (0. 108)
SO Zi=07 9220 4467 (0.008) 4.089 (0.003) _ 0378 (0 007)‘-?-".

- Standard errors in parenthesis. =
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_-'}f‘a,ble 6 Estzmated mean 'reszdual of log hourly eammgs 'per
. country, educatzonal .level ( D@ ), cmd cohort of bzrth ( .Z2 ).
= 1_ 491 . O 376 (0.044) - ~0 113 (0 025) 0 489 (0 053)-_2‘ :
e e 'Zz =0 " 669 0.247.(0.035). . -0.087(0. 024) -0.334 (0.045) -
S Aus_t_n_ar “Z,=1 6214 0350 (0.012) -0.077 (0.003) 0427 (0.010)
s e Ze=000 9220 0. 300 (O 007) ~0;074 .(0.003) ' "().374 (0.‘007) e
S ._,Standard errors in parenthesis. - : IR

_ Even if Ca;rd and Lemieux (2001) conclusxons does not regaxd cau,sa,l re-
'_.‘ .1at1onsh1ps but only observed wage gap. between cohorts, these general equi- .
. librium considerations can justify the violation of the exclusion restriction
- in our cases. The lower average: educatlon in- the 1930-39 cohort, as' mdl—‘:,
o ?"'_f.j‘cated in Table 1, can indeed explain both the positive return to educatlonfi
'.----_‘“.J‘-}'for never—takers, mdmduals always hzgh educated under the two' dlfferent'_f
" agsignments, -and the negatzve return-to educaﬁlon for always—takers, indi-
S viduals - always low ‘educated under the two different assignments. Indeed,
| - the excluszon restriction states the mstrumentai variable has to have oniy a .
;treatmen’c mediated effect. ‘But given our definition of the variables Z; and
' Dy, we know. that the different educational levels between cohorts are due
. only to the compllers behawor ‘Consequently the value of the mstrumentai;.;,.‘;f B
" variable, other than provxdmg information about the compliers educational . .~ "
chomes, also 1nforms about the relatlve supphes of differently educated work- S
" ers. in the different cohorts.. “For. exampie considering the- individuals: born i
n"}the penocl 1930-39, we. know that comphers ‘born in that cohort Wﬂl be"
low educated. Therefore, given the invariant. educational behaviors of non- - .
o f‘comphers, it is reasonable supposmg a decrease in the relative supply of high
educated workers compared to the other cohort (1925-29 U 1940- 49). Conse-
'quently it is reasonable to think nevermtakers would exploit less competitive
- labor market conditions then increasing their mean outcome, and on the _
L ‘__contra,ry always-takers would experzence worst la.bor market condztlons then
" decreasing their mean outcome. - _ : -
.. For Austria, the estlmated nonwpa,rametrlc LATE assumes 2 szgmﬁca,nﬁly
~ different from Z6ro value of -0: 3006 (s.e.: 0.0720). Relaxing the exclusion re-
R . striction produces two non-spurious interior solutions characterized by differ- _
R ent orders of the means of the mlxture composed by not asmgned neveptakers‘ S

Cu



and compliers, q(D =0,72; = 0) ' Indeed we observe fi,; < fi for @}Aus 1, and
fng > fhep Tor GAus 5. Solution BAaS ; is characterized by a more pronounced -
significant estimated causal effect for compliers (fi,; — fio: -0.3832) compared
to the LATE, and by a significant positive effect for never-takers (flng — fluot
+0. 0696). For solution GAHS 2, on the contrary, the esi;zmated compliers aver- -
age causal effect {fi,; — fio: ~0.3024) is very close to the estimated LATE, and
_the estimated non-compliers average causal effects are both not significantly
different from zero. Then mtroducmg the further restnctzon Ping > oo tO

the likelihood maximization on Qh, for Austna produces equivalent results
to estimating the LATE that is based on imposing the exclusion restriction.
The choice of the particular solution depends on both statistical evidence
- and economic considerations. Solution & aus,1 Obtain slightly better statistical _
performances for what concern log-hkehhood and AR values. Both the two
'~ solutions for Austria (like the unique interior solution for Germany) present
. a-plausible order of mean of the mixture composed by assigned alwayswtakers
and compliers, ¢(D; = 1, Z; = 1). Indeed, compliers can be considered miore
motivated and able comp&red to. always-takers, individual néver educated
from a counterfactual point of view. It is then reasonable to think that
‘outcome mean for compliers are greater than outcome mean for always-takers
in the relevant mixture. The choice about the order of means in the other
mixture is more probiematlc compliers can be again considered at least more
motivated individuals. But never-takers are always high educated urider
' the two different assignments, so presumably in better social conditions and
then exploiting more advantages and opportunities in the labor market. For
‘these reasons the choice of the sign for the difference (ug — pyo) is more
questionable, and it depends on a deeper and more specific social-economic
analysis. Anyway, the two interior solutions for Austria share a not s;gmﬁcant
' effect for always—takers, and a negat;we remarkable effect for comphers

4 C'onclusio’ns

‘An empirical example of identification and estimation of causal assignment
effects for non-compliers by means of a new maximum likelihood approach has
_ been proposed. The methodology is essentlaﬁy based on deeper exploiting
the information provided by the usual assumptions that are required when
estimating compliers causal effects by the Instrumental Variables method;

- the likelihood maximum point detection is indeed constrained to a spherical
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neighborhood: of the estimated condltlonal mixing probablhtles
- Supposing normal dlstmbutlons for the outcome, we estimate the non-
“cornpliers cohort of birth effects on earnings (other than the compliers average
causal effect) for individuals born in Germany and Austria between 1925 and
1949. The microeconomic context has been suggested by a recent paper of
Ichino and Winter-Ebmer (2004). :

Th1s application provides an example of two posszbie sﬂ;uatlons we can
face using this constrained maximization procedure. We-obtain indeed an
univocal interior solution for Germany and two different interior solutions
for Austria. The latter case is characterized by two different order of the
means of the outcomes in the mixture composed by never-takers and com--
pliers; consequently the choice of the solution for Austria relies on further - -
information such as that provided by statistical performances and economlc
considerations.

5 Appendlx -

The Imbens and Rubm (1997b) results ta,ke into account that glven the -
mdependence of assignment Z; and compliance status C;, the population
proportions of type Cj, ¢,, are known in a large sample: ¢, = P(D; =

1|Z; = 0); ¢,, = P(D;y =0|Z; = 1); ¢, = 1 — ¢, — ¢,. These large sample
proportions are equ;valenﬁ to the three mixing probabilities (W, W, we) from
a frequentist point of view. Analogously, the population proportions ¢, of -
units having compliance status ¢ and assigned to z are known in a large
‘sample: for example $p1 = P(D = (), Z; = 1); and can be estimated by

S1mple transforma,tions of (gba, ¢>n, q&c) ‘ '

ZzI(D =1, % =0)

qb-aO n ‘ " ¢a1 — ¢a zi)ao;
. ; I(D; =0, Z; = 1
¢'n.0 = ¢n qbnl’ ¢n1 - Z’b ( n );
S I(Dy =0, Z; = . ~1,Z=1) -
¢c0 - Z ( n ) ¢n0? ¢c§ = Ei ( n ) ¢a1?

where n is the sample size, a.nd I(-) is an indicator-function. Again,
~ the conditional mixing probabilities wyg,, can be easily estimated out of a
maximum likelihood context and given the conditions:
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Z ¢t§dz = 1_, Wni1l = Wal0o = Walo1 = Wy|10 = wciol = wejto = 0.
z _ . .

_ ThlS is possible with simple transformations of (gba'ﬂ, ¢n|00: qbc]m, qf»c 11, q5a| 107 %101)
and results in the proportzons :

_ba_ .
¢a1 + chl

i ” = ¢a1 &CQ
.gb - ¢a1 + ¢'c1

’ QBCIOO ¢n0 + qbcD
(4)

3 gﬁc]ll - :¢nl6€)

d’nO + g?)c(}

‘%aﬁe VIW 15 55n|0'l1 = 1.

Simple substitutions of ¢, in equations (4) produce the estimated condi- -
 tional mixing probabilities as formulated in equations (3). '
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