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several caveats about the proposed technigue.

ABSTRACT

Selecrivicy bias arises in program evalvation when the treatment (or
control) status of the subjects is related to unmeasured characteristiés
that themselves are relatasd to the progran owtcome undgr study. This
sitwation potentially leads to a misestimation of the treatment effect.
In this paper we adopt technigues recently dev?loped in the econométric
analysis of labor markets to the bias problem'in a conventional evalua-
tion wodel. A resolution of the problem ‘emergas upnder ascumptions that

, . ~
are reasonably general. References té the institutional setting of

<

/
evaluation research and to applications in labor economies place the

" "selection bias" problem in & broader context. The paper concludes with

'\ I
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e ' ) Issuas in the Analysis of Selectivity Bias

1. INTRODUCTION

Selecrivity bias arises in program evaluations when the treatment
(or*control) starus of the subjects is related to unmeasured character-
istics that themselves are relaced to the program outcome under study.

'The tern "bias" refers to the potencial pisestimation of the effect of

the treatment (or program) on the outcome. Selececivity bias is a concern
whenever the assignment to creatment and control groups is not ra?dom,
condfitional on whatever observable explanatory variables, if any, are
used in the analysié. So staced, it is clear chat che iisﬁe of selection
bias ig pervasive in empirical research in ecﬁnnmics pecause the assign-
ment of observations to the different statuses defined by the prediccor
or exolah&atory variables of incerest are seldam‘ggplicitly random. Thus, :
cheré should be a common ground in the methods used to analyze selectivity
bias ih progran evaluation and econometrics, distince but increasingly
overlauping fields. ) b ,
In this paper we adapt cecﬁniques develOped in the economecric analysis
of labqr markﬂts--partlcularly by James J. Heckman (1974, 1976, 1978, 1979),
Ge i..Maddala (19?6, 1978) 2nd taddala and Lung-fei Lee (1976)-~to the
bias problem in a conventional evaluation model. A resoluction of .the problen
emerges under assumphions that are reasonably general.
The next seccion of the paper provides an institutional background

by describing developments in program evaluation and in applied labor
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economics that deal with and illustrate the issue of selection blas. Section
2 then' introduces a simple m0del that iilus:rétes formally the statiszical
issues, notes conditions when no bias 2xists and when the direction of bias
is known, and points to several misunderstandings in the program.evaluation
literature. Secticn 3 surveys seLeral econometric approaches ia labor
economics that have attempted to ‘eliminate (or, equivaleatly, to quantify)
the bias. ,Section‘k?fwhich'is the core of the paper,.applies the new

econometric approach to the conventional evaluation model €O indicate how

the selection bias in this model may be resolved.

L. 1
1, Developments in Program Evaluation and Labor Economics Iavolving
Selection Bias -

gEvaluation reseavch began with the analysis of rather szall-sczle

»
»

- projecrs, mainly_in redicine, experimental and social psvchology, educational
oy .

! - . -

psychology, and esconomics. 1In economics, the basic zpproach was benefit-

cost analysis, which was different from the more direct application of

.

stacistics in the other disciplines., Since the mid-1960s evaluation

£

cesearch has been applisd to large-scale governmental prograns whose main
) \ )

¢ . r
ourpose was to improve the well-being of a sizeable segment of society.
' . i
. ] L . + = - :
Evaluation was not the main oojective of the programs, which largely

explains why random assignment to treatmen:l apnd control 3roﬁps was
almost never emplo -ed, Nevertheless, ex posct evaluations were publicly
dananded bacause the successes or failures of ghe PrOgrams wered major
political issues. “

Tie cuf;ent practice of program avaluation reseawch by economists is
quite different from the ex ante evaleation of water resource projects and

the liks, which were vthe mainstay of traditional .benefit-cost analysis.l




in ex post evaluations, the first priority is to estrimate the quanti-
tative effect of the prog;%m; which logically precedes the determination

of whether the béhefjts exceed the costs. This priority puts_a greater
‘emphasis on statisticai models and has brought ecomomic evaluation research

P

closer to the approaches used in other disciplines.

-

Today, evalnation research is a huge enterprise in applied social
science. The Evaluation Research Sociéty was organized in 1976, and the
journal Evaluation began in 1973 with a grant from the National Institute
of Mentzl Health. Coursés on the topic are offered in graduate schools of
many universities, often in recently established departments or centers %E
public administration and policy research. A two-volume Handbooﬁ of

Evaluation Research, intended as a text for graduate colirses, includes a

bibliography of some 1500 items, almost all post-1960 and almost all Sy

2 . . .
noneconomists, Other books on evaluation, Ffilling several shelves in one's

bookcase, also tend po be recently published and yritten by noneconomists.

The volume Federal Program Evaluation contains an inventory of approxi-

mately 1700 evaluation reports produced by and for 18 selected Federal

-

agencies, covering the period 1973-1975. Many were writtem by researchers

outside the govgfnmént, but all were related to agency brograms.é One may
safely credic .(or blame) the federal government, beginning with the Great
Society programs of the Johnson administration, for making evaluation

research the growth industry that it now is.
N

. - A .
The topic of our paper, selectivity bias, occupies a small part of the

statistical ﬁethodology aspect of evaluation research, an aspect which is,

itself, only a small part of the cotal field. Nevertheless, selectivity
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bias can be given a broad interpretation, with:implications and appli-

.

cations extending beyond evaluation research. For example, selectivity
bias can be viewed broadly as a version of specification error in‘ statis-

tical models in which behavioral outcomes are functions of 'predicter" or

5

“explanatory” variables. In this version, the outcome 0f a program is

- -

examined in the same way as an outcome of a controlled eXperiment in a
laboratory or, at the other end of the spectrum of research settings, as
an outcome in a historical‘procéss measured with time-series data. There

——

is a coﬁmon framework used to measure the causal effect on the outcome of,

respectively, the program, the laboratory treztment, or~qﬁe historical event.

Selectivity concerns the presence of some characteristic of the treatment

sy

(cr control) group that is associated both.with receipt of the treatment

e

and also with the outcome so as to lead to a false attribution of causality
regarding treatment and outcome. So st;ted, selectivity bias is a version
of omitted-variable bias, commonly analyzed under the rubric of

Sp... fication error in econometrig models. The unbiased measuréﬁent of
causal effects is a broad and complex teopic. As the eminent statistician
W. Edwvards Deming (1975) stated, "Evaluation is a study of causes."

In lapor economics.the issue 0f selection bias in evaluation models
has been confronted directly in a numbéf of recent studies, Training and
education programs deal with individuals who are eigher selected for the
program or who are self-selected. If this selection process is not fully
knogp_go the iwestigator, in unbiased measure of the treatment may be "
unobtainable, For explicit attention to this problem, see the '

evaluation study of a government training program by Orley Ashenfelter




-

(1973) and the evaluaticons of compensatory sducation programs by Ir?in
Garfinkel and Eduvard M. Gramlich (1973) and by Bur=z 5. Barnow and Glen 6.
Cain (1977). Ragulatory programs usual%y deal with {irms, and ajain

© there is sélec:ion bf the agencias-(or‘self-selection) for participacion
in che regulatory process. The apparent effacts of the progrzm may be
biased becausé the outcomes may reflect unmeasured preexisting charactar-
istics of the selectad firms. Evaluacions of aati-discrimination and
aifirmaciva action programs are a case in point, and Heckman and
Kenneth I. Wolpin's (1976) study of che OFffice of Federal Contract Compliance
of the U.S. Dgpartment of Labor deals explicicly with selsccion bias.
Another exagple is the study by Robert S. Smith {1973) of the inpact on
injuries of the "target industries program’ of the Occupational Safery and
Health Act (s2e also che critique by Jack E. Triplas: [19?51).

There are also well-mown axamples of the selection bias issue

in othar areas of labor economics, testifying to the pervasiveness of
Lhe issue in empirical economic research., Attempts to measure the =ffect

of unions on wages are especially intaresting because the selaction procgss

e is so varied in several dimensions, The units of observation may be
industriss, occupations, firms, or individuals, Thare is an element of
- |

self-salaction among individual workers, dependant in part on the worker's

prefarences for unionism; therz is selection by union organizers, daperdent

Tin part on the costs and benafits to tha union of organizing the work place;

and there is selection by employers through their hiring and personnel

L policies. Some twenty.vears ago H. Greggz Lewis (1959) disaussed these

" potential selection biases in examining the union wage affacy. Several

O
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C e . . /
Ashenfelter and Ueorge Johmson (1972), Peter Schmidi and Robert P, Strauss y

’ = I
racent aconometric studies have attamptad to model the selection of workers

into union status in the coursejof estimating the union wage affecc: ;///'

(1976), Lee (1978), and Duane Leigh (1978) (see also Randall J, Olsen

{1978h.

‘The intricacies in this area are illustrated by noting that the

bias may diffesv acvoss dem&graph;c or social groups in the population.

Ashenfelter (1972) estimated a larger union effact fov blacks than for whites,
— 1Y

and Zvi Griliches (1976) estimated a relatiﬁely large union effect on the

.

wvages of young men, ages 17-27,. Does the selection process operate differ-
ently among such groups of workers, and, if so, are differential biases a
consequeanca? i . \

Labor supply studies of omen have probably provided the most explicit

~

attention tc the selectivity jbias issue in economics. Here the parkst

l
wage of women is the analogu¢ to the treatment in evaluation studies, and

.

the selectivity process affects labor force participation and thus Ehe

obsarvability of the marker wage. A special feature bere is that the sawmple

-

for which a wage is mePasyrad is truncated~-po wage 1S measurad for non-

L.

working women. In the typical program-evaluation design, the treatment
) '
t

variable 1s measurad for both the treatment and control groups. Heclkian

orovided an 2arly analysis of this problem. (1974) and 2 useiyl Eg%iew
articla- ¢1976). Yoram Ben-Porath (1973), Reuben Gronau (L973,/1%974), and
Lewis (1974) had earlier discussions of this application 6f selectivicy

bias, and T. Paul Schultz (1980) and Giora Hinoch (1930) have contributad

more racant WOrk.
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Even these rare examples of economic research which use contzolled

experiments wiih random assignments Lo progran status--namely, the

negative income tax experiments--hnave b2en forcad to coniront selecrniviry

- .

bias. The issu€ arises with respect to attrition, parcicularly when the

subjects leave-ine experiment for one of the existing welfare programs.
Analyses of these experiments bhave included attempts at modeling the pro-
cesses of attrition and of participation in weliare programs: Harold W,

Watcs, Jon X. Peck, and Michazel Taussig (1977), and Garfinkel (1977},

¥

Other studies in labor economics will be cited in Secction 3 as “
i
illustrative of specific aprroaches to dealing with selectivity bias. -Our

thesis chat the issue of selectivily bias is importart and pervasive in

economarric research as well as in program evaluarion research should be

-

noncentroversial.

2, A SIMPLE FORMULATION OF THE EVALUATION MODEL

we focus on that part o% an evaluation that seeks to measure the 2ffact
of the program ot a specific quanciiied ovtcome. Many aspects of a2 full
¥
evaluation are ignored in this narrow focus: the costs of the program, the

dol;ar~equiva%enc value of the outcome, the administration of the program,

the equity is;ues involvad in the distribution of benefits and costs, the
correspondence between neasured outcomes and polirical objectives, the
question of multiple objéccives, and others.

for simplicizy's sake,. assume that the outcome, y, is lingarly related
to the treatment status, z (defined by participation in the program), and to

an unodserved variazble, w, definad as the pra2progranm “srue ability' o
s Wy praprog :

acHisve the outcome., & purd random tawm, €, completes rhe equation. In
. -
£




. {
S~ this nypothet.cal evaluation nodel, with 'y svsgemazizalls _related o 2 '

l

and w, there would b2 no need Zor any other.lonrral variables. The o

evaluator's interest is in the effect of 2z an v, given true abiiity, and N
* e
.

bv assumption w completely measuras that true abiliry. In (1) below, %

. is the ‘true tréatment effect:

o ¢ . . /-’f - .
(1) : ¥y = a2+ utE,s . ,

I =
r

But this equatica is nonoperational because w is ungbserved (which,

incidéntally, is why assigning it a unit coefficient is innoceat). How may

1 o .
the eyaluator persuade an interested audience that the measured effect of 2
. !
. | . ~
1

-

% . .
on yi:is free of any contamination from a correlation batween z and w, i
. . I
3 given that « is not availadle a2s an explanatﬁry variable? Random assizo-/
/s
ment to the z status is coavincing in orinciple. But the integrity of

randomization mey be compromised in practice (bv reliance on volunteers, by

* the absence of 2 doudble-blind design, by attrition), and in any event,

v

almost all programs delibarataly use noarandom assignnents.

There should be widespread agreement among economists that random

assignments are not essantial to the estimation of unbiased treatment

5

:'ec:t\s,D As we have argued in earlier papers, unbiasedness is attainable Y

(1}

' - 2
when the variables which determined the assignment agﬁxfnown, guantifiad,
g : and included in the squation: Goldberger (QE?Z), Barnoyw (1973), Cain ~
(1975). Assume that an observed variable, t, was used to© deter;ine assign-
ment into the treatment group (z = 1) and the control group (z = 0). 1In

gensral, t, which we refer to.as the selection variabie, would be a score

basaed on a composite of variables, some of which would be correlates of

ERIC
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1

z and w.

ry
ability, w. Nevertheless, sinc
any corvelation bezween

rezscmant fcatud, © will capeturs
L]
uncoserved w as the explanacory variable

the ovserved © codld replace the
in (1). Ia ecuation (2), 31 would be unbiased, chac is, equal to %

!

The use of gither W or t &8s an explanatory variable, then, will free z

from the contamination-which leads to selectivity odias.
e
"Modeling the selection process" is, of course, precisely what one

claims to do when specifying a multiple regréssion which holds constant

thase trales of the unit of observation that affect the outcome and that

N .
-

are qﬁ:z?%gced with the imput varisble of ingevest. & purely randon decer-
minant of assigmment would be harmless, whera "random' refers to a selection

varisble~-such. as the flip of a coin--that does not affect the outcome.

Treorv is supposad to tell us which selection variables are associaced with
outcomeé. As examples: How do persons get "'selected into" different

educaticnal attainment categories or into union membership, and how do che

variablas fully desbribing this process relate to am outcome variable 1ike

earnings? .
I3 = - L] = - - ‘ *
To illuscrate briefly the selection model with an axample that has
spawned an excendad controversy, assume 2z is participation in the Head

Start compensatory education program, v 1s the poscprogram test score t.. &

Assume, Turther, chat those children

is presumad to measure cognitive echievement, and t© represents the family
for whoem &
= 1) and

. income of the chnildren.

is below the poverty line (:B) ara in che program (z = those with

Even though che correlation
L]

= 0},

valuas of t above tD are exzluded (2
|

T
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bdegween W and & and che'corvelation between 2z and © are »oth hn2sacive, chere

[

is no bias ia & llustraces che magnituds of [

in model'{z){ Fizure 1 y

in the case that che progranm is beneficial,

.

A misundersctanding-has arisen in the uses and incerprezation of ghis

nodel. 1In a seminal paper on evaluation methodology, the psychologist |

Donald T. Campbell (1969) suggested that this'model, which he calls che

"regression disconcinuity" design, is severely restricted. But his reasons,
in fact, do not apply. Campbell and Albert Erlebacher (1970) say that the

model requires’ a random assignment among “ties” on cthe boundary line of

participation (tp in our example). and that "we would learn about the effects
of the program only for a narrow band . . . . We would wonder about its

. . : oy 6 ' ; .
effectiveness for the most disadvanctagad.”” But model (2) uses the Fuli

range of v; ties ave inconsaquential, and therefore no randomization is

‘needad; and the entire range. of values of t providas potential ' .

i
. | . .-
informacion 2or the effectiveness of the program, even for nonlinear orw

interaccive effacts. rizures 24 and 2B illustrate negative and positive

-

N [
interacrions begwasn the treatment and t. The nonlinear functional forms
stown are chosen to asvoid both deleterious and axplosive treatment effects

when t becomes larze; such nonlinearities, of course, would have to be

spacified in the model.

Let us-exagine next the case whers the selection process is not koown

Il

precisely, in the sens? that the ayailadle data do not pernic quancificaclon

of t. Assume that cthere is available a vector X, composed of wvariables
L /

rhac are correlaced with--chat is, proxy for--ability, w. At che Same

time,~x may include variables wnich enter ¢. The equartion to be fitted is

/
’

/

S
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Figure 1

#=1, Creatnent

#=0, eoncrol

t, Family Encome

.

.

. 2

Nonrandom assignment to treatment and control groups, based
on family income, t. Dashed linés represent nonobserved
extrapolation of v, given t and the treatment/confrol

status, =. . p :

15
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Figure 2A Figure 2B ,
Negative z X t interaction - Positive 2 x t interaction '
Y ' , y
; /
z = 1, treatment z = 1, treatment
»”’" - ___.—-".'-
e e =TT z = 0, control - z = 0, control
..-""’_’ "_..-“’
e ) _ . 2 . R ol
_‘ ] -, / ) _ /‘
- - _// P
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- Figures 24

s v

Nonrandom assignments to'treagqent and control groups based .
and 2B on family income,. t, In examples where the -treatment inter- . )
' acts with t. Dashed lines represent nonobserved extra- :
polations of y, given t and the treatment/control -status.
. In Figure 2A the upper solid line, showing a negative

interaction, is assumed to reach an asymptote rather than to
decline indefinively, thus avoiding-.a deleterious treatment
efféct at higher t valves. Sialilarly in Figure 2B, a positive
treatment x selection interaction increases at a decreasing
rate and reaches \an asymptote, thus preventing the Lreatment

_effect From exploding at higher t values, - ‘ f

. g
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and not the unconditional covariance, C(z,w).‘

13

( ) - + . .+ rk
3 y=Y,ztyxte .

An estimate of Yy in this model will in general be biased for ®. as

discussed jin our earlier papers, the bias depends on the covariance of z

and « conditional on x and may be positive or negative. On this point a
misunderstanding arose in the yell~known and often-cited paper by Campbell *
and Erlebacher (19?0) dealing ﬁith an evaluation of Head Start. They argued
that che direction of bias could be inferred on the basis of the x, z

correlation:

How can one tell which direction a matching bias will
take? Only by having evidence of the nature of the
population difference which ‘matching attempted to
overcome . . .- . This undermatching (on true ability]-
- showed up on thé socioeconomic-status ratings subse-
quently made {which showed a.negative correlation
between socioeconomic Status and treatment status].’

It is the last sentence in the quotation that gave rise to thé misundar-

standing. 1In the example discussed, X was the socioeconomic status of

the parents. Knowing that the X, ¥ correlation is posftive, one cannot

infer that a‘neggtive X, 2 correlatioh biases down the Head Start (or 2)

effect., What determines the bilas is the conditional covariance, C(z,w[§Q
- 8 1

gonsider the general empirical model represented by equation (3) above, ~

-in which the investigator has measures of X. As one polar case, x coincides

with W, &nd there would be no bias in estimating the treatment effect
regardless of ébe selection process. -Here, C(z,w) # 0 but C(z,w|x) = 0
because ¥ coincides with w. This polar case is presumably hypothetical

because W is unobservad. As another polar bgée, X coincides with €, and
. /

£

[
~Z

=\
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—

there is again no bisas, as was discussed above in connmection with equation
(2). Here again C(z,w)oﬁ Q, but C(z,wl;) = 0 because selection on t (= x)
means that the caly relaticn between w and z ié cthat which is induced by the
relation bectween w and t (= x), a source of correlation which is fully
captured by x. A third polar case is that €, and therefore the z status,

is random, 1ike a coin flip, Here again, C(zﬁdgy = 0, and indeed C(z;w) = 0.

L3

This leayes the Important case when w is unobserved and the selection

\Ekknonrandom and not fully measured. With no other outiside irnlormation,
\

nothing can be said about the direction of bias. \Hith information about the

épndit;pnal covariances--in patticular C(z,wlz), but also C(t,z]w) or icts

eq&%yalenc in sign, C(z,gjw)--direcc;on of bias may be determined. Wich

3

infoématien about che distribuzi6n‘of‘the unobserved variables, t and v, .

. . /
along. with informacion about the functional form relating t and w to x, it
= 5 0 N A )

turns out--éérhaps sufﬁrisingly--thas the bias may be quantified, and
further, that thig\gchie?ement does aot require information abo;c the signs-
og the relations, coand'.tional o£ un@onditional, among t, w, 2, and E; beyond
wﬁét maf be digectly measuredlqn‘tﬁé basis of the sbserv?d values of z and X.
The quant;fic;:iqﬁ (of géuiva}éﬁtly the e@iminati&n)'of bias in terms of the
wode; of-evaluation is‘Aemonstraged in Section 4, Llet us first survey

briefly the handling of selectivity bias in the recent econometric studies

in labor economics.

3. APPROAGHES T0 SELECTION BIAS:IH LABOR ECONOMETRICS

As we read the labor .econometrics literature, it taps additional iafox-

fiation abﬁuc the selection. process to obtain an-unbiased estimace oif the

X
.
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treatment effect when the observed x-variables .exhaust neither t mor w. In

essence, a seleccion equation with 2 as the dependent variable is spacified,
and restrictions are hlaced on it relative to the outcome equatiom--our (3).

The role of the restrictions is to purge che apparent treatment effect--

1f} in our equation (3)--of any preexisting differences between the treat—/

-

ment and concrol groups. In our reading, we detact two types of restric-
£

tions. The firsec type gg%Eifies that one Or more variables determining

selection do not affect the outcome and hence are excludable from the ogt;
' ]
come equation. Thus, information ot variables exclude§ from x is fequifed.
/'/ \\
The second type specifies : functional form for the relation between X and-

v
w and a nonlinear relation between z and x. This leads to a nonlinear

Vd

-

functcion of x in the outcome equation, which serves to control for any z,
= - " ;

w relation that is net of Xx. ]

- Ch

In distinguishing these teo'types of restrictions, we pass over what

is no doubt the most cdmmon Epproach; simply assume eway the selection bias

/ |

after a diligent attempt o 1nc1ude a large number of va*1ab1es in x that

control for ability, w. The" argument, or assumption, is that whatever the

selection variables may be, beyond those ipncluded in x, they are unrelated

to outcome. In the two—equetion vecursive formulet1on for 2 and for y, .

which we discussed above and present formally in section 4, this amounts . .

*

-

lated with :he.giétur$6nce, ek, jn eduatiox (3) determining y. Most of the

. )
Te$earch estiméting the effect of education

o . ;

{the treatment variable) on
LY

- : . .
earnings (the outcome) adopts this approach. Also, the empirical estimafes

of the Head Start effect on test scores by Barnow and Cain (1977) fell in

2

.‘ 73. Al N
tﬁis category. . '

£o assuming chat e_is determined by both‘ﬁ‘and_a disturbaece thatfis uncorre—

s,

e

/

s
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Two examples suffice to illuscrate the Eiré: type of reétricti&h,
which is to obtain addition;l x's that have ro effect on the-outcome and
then to use this information to identify :hé treatment effect. A
trivial byt universally accepted case is the coin flip. When the ¢
variable 1s generated natura}ly Ly environmentél or market forces,

1owever, the assumption that the Mselection variables" have no effect

on the outcome will usually be controversial. For example, in a study of

the effect of unionism on wage rates, Ashenfelhe; and Johnson (1972)
variously assumed that the concentration ratio of the industry or the
region of t;sidence (South or non~South) determines the extent of
unionism, while concentration and region have no causal effect upoen
éage rates. Tgus, ;hose gwo variables are excludedhfrom the structural
eq;;tion f;rtwageé. The authors suggested that those idegtifying

restrictions might be considered arbitrary.9

! The secorid type of restricticn permits distinguishing'between‘the
bt -
way the gfvar;ables affect selection é%om the way they affect outcomes

(or, equivalently, the sfay they represent Qbility). David Greenberg and

Matvin Kos:ers:(l973) analyzeﬁ the relation between labor supply (an
outcome) and nonlabor income k:he treatment). Their initial empirical
| work led them ta ;pecify a selection process that involved diffe;en:ial
tastes or preferences for asset accumulation (and, ;hus, for nonlabor

income). They used some of the X-variables from the labor supély equation ,
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to estimate asset preferences by the device of a regression of observed

f .

assets on the selected x-variables, Predicted assets were included in the
final labor supply equation, and identification of its effect was achieved

by virtue of its nonlinear relation to X. The controversial feature of

this procedure is that the specification of the nonlinear function between
observed assets and the set of X-variables was somewhat ad hoc.

More recent work, beginning with Heckman (1974), appears to be consider-

-

ably more general. A nonlinedr functional form in X that serves to identify
the treatment effect is not imposed directly but rather emerges from two

assumptionss one, that the distribution of the error terms in the equations

for the omitted variables, W and t, is bivariate normal; and, two, that the
functional forms relating w aﬁﬂit to x are known~—in practice, known to

" C Y
be linear, We develop .this in Section 4.,
. . ‘\

Heckman's model, dealing~witﬁ\che labor supply_ofdﬁomen, is compli-
- — s o
cqted by two features: one, simultaneity, which does not appear in the™

~typical evaluation model; and the othef; tzuncation, which does appe@gﬂbu&
'iﬁ a somewhat disguised form. First, in the women's labor supply
analogue to the omitceq abilit; variable is tLe.fshadbw price of time" in
houwsework, and this is assumed to be affécced by Fhe ocutcome variable;

hours of market york. Tﬁus, a simultaneoug-equaqion modél is specified and, -
as with the Ashenfelcer and Johnsaﬁ model, additional identifying restrictions
are required. éecond, as mentioned earlier, the analogue to the treatment
variable is thE wage rate, and-thisvis not observed for women who supply_

zero-houri/éf market work. Thus, the distribution-of wage rates 1s truncated

and, unlike the treatment variable in program evaluation models, is not

ni\édel, the™ "
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;

measured for all observations. This is only an apparent difference, however.

Tn the evaluation model with differential ability between treatment and

control groups, the two groups are effectively truncated (or cemsored) om

ability, and the technique for correcting for the omitted variable bias is

the same as the technique for correcting for the truncationm bias.

4. UNBTASED ESTIMATION OF TREATMENT EFFECTS .IN THE EVALUATION MODEL

We now sharpen the specification of the evalu@tion model jin a way which
will permit unbiased estimation of_the treatment efféct, The observable

variables are y = outcome, 2 = gtreatment (z = 1 for treatment group, z = 0

for. control group), and x = vector of covariates (including the comstant).

- The unobserved variables are w = ability and.t = selection, along with

various disturbances to be introduced below. By definition of t, assign-

ment to the two groups is determined by

1 46 ¢>0
(4) z = _ ;
: - o if ec<o,

.

By definition of w, outcome is determined by

~ (5) . y=w+taz+e ,

where the disturbance €, is normally distributed, independent of v and 2,

-

with expectation zero and variance Coo

Consider the joint probability distribution of v, t, and x in the™
initial population, that is, prior to selection and treatment. We suppose’

that

(6) W ;

|

[
+
M
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where il and ﬁz are coefficient vectors and where the disturbances 5y
and £, are bivariate-normal, independent of x (and of so) with expectations

4

zero, variances %3 and Tys and cOVariénce ¢y, Note that in (6)-(7)

two sources of nonrendom selection are distinguished: w and t can be

o

correlated via their common dependence on x and via the correlation of

s

their disturbances = and €,. Equations (6)-(7) are not irtended ro ve

s

causal: we need not say that X determines W and/or t. Rather, the "speci-

fication may be interpreted as purely descriptive of the joint probability

distribution of w, t, and X.

Proceeding to the analysis, we substitute (6) into.(53) to get the

“outcome eguation: .

8y yE8lxtaz+e,,

wihere €3 =g + ao. Jow €, and 53 are bivariate~normal, independent of

x, with 9i?actations zero, variances Gyy and 033 = Gy F Cog? and covariance

Gpq =05 tie seek E(y[g, 2), the expgctatﬁon of outcome conditional on the
v!

covariate§aand the treatment dummy,

i

From {49 and’ (7) we see that the event 2z = 1 is equivalent to the
wF . P -

> -5 ¥, and thus toﬂ(észz) > - 3'x,

2
where:do'= ¢022 and § = (1402) QZi By the sameiargumenﬁ, the event z = 0

event 3) §_+”Ez >0, and thus to €,

is equivalent to (&,/0,) 5;-'2'5. Now 32162 is a standard norral variable

it follows that

independent of X.

© -

E(z)x) = Prov {z =

Since z is binary,

1g} = 1 - F(- 8'%) = F(8'%),

! .

Q-
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where T(+)} denotes the standasd normal cumulative discribution funccion. .
Furcher, it follows thac
(10) E((ey/0,) %, 2 = 1) = £(3'x)/5(8"%), : - e
(1) E((£,/0) |z, 2 = 0) = ~E(@'0)/ (1 - F(2'5)), ,

where f(*) denotes the standard normal densitv function: see Johnson and

Kotz (1970, p. 8l). Using £ 2nd F as shorthand for f(e x) and Eia\t)

4

respectively, we can assemble (10)-(11) irdvo, say, "

E((ez'/czllg, z)

2. E/F J; (1 - 2)E/(1 - F) -

it PR,
[ —-—" -

hix, z; 2). :
7

: ./

Then E(s?!z, z) = c h(x, z; 8), and wich the dxst*xbutiqpal

(12)

"{nformation under (8), it follows that

-

(13) E(€3I§,_z) = (6121022) E(ezlg) z) = uh(x, z; ),

where u = 612[0?: sze Johnson and Kotz (1972, p. 112).
- JII'
In view of (13), the expeceatiﬁn of (8) conditional on x and z is

4
3

-8 E(ylx, 2) = Bix + @z + 1 h(x, 7 8). —

; B ]
'lf - ' ]
_Since this is 5 conditional expeccation funcction relating observeble variables,

iis parémeterS, namely gi, @, ¥, and 9, are comsistently estimable by nenlinear

least squares. We have thus established a method of obtaining an unbiased,
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o or, to be precise, a consiscent 2stimate of cha treatment effect in our

specification of the evaluation model. In doing so, we heve Simply restated

the arguments inm Hecknan (1976)'ané_ﬂaddala and Lee (1976)..

= - -

To estimate (14) im practice, a two~step procedure may be used. First,
estimate 2 by maximum-likelihood probit amalysis of z om x, and insert chose

N - L] -~ -~ H
i ‘ estimates £ ia place of § in (12) to calculate h = h(x, z; 2) at esach obser-
vation. Second, 33tlmace~§1’ @, .and u By linear least squares regresa&fn of
i .
ol
y on x, z, and h. This too provides consistent estimates.

A A main‘theme in the evaluation casearch 1iterat§re on seieccion bias

is tﬁus verified: linear regression of y on x and z produces biased estimates

< of ¢, the treatment effect. But in the present {ormulation the precise

source 0f the bias is aépérent, namely cmission of the h(x, z; &) variable

in (l;). Ouce chis tera is included, least-squares regression gives a proﬁer.
.. Y

estimate of &. We observe from (l4) that linear regression of x and z alone

would éive,an unbiased estimata of 2 im the special case p = 0, that is

01y = 0,¥ac is C(w, tlx),= 0 or, gauivalently, C(w, 2z|x) = 0. This verifies
. the results\discussed informally in sections 2 comcernimg the absence of bias
when assignniznt is purely random, or purely on the basis of the observable

covariacas.lo - \

A}

4 scill simpler approach!is also available. HWith the aid of (9) and
! (12) we recognize that conditional on x, h(x, z; 9) is a coastant times

- z - E(zlx), so that

S (15) Efalx, 2z; 8){x) = 0.

. .

. Applying che iterated expectation rule to (14) chen gives

B

{ ERIC

o
L5
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(16) E(yix) = {: (EC¢'x, 2)) = 3fx = ¥B(2ly) = 3lx + aF(27R).

e
Indeed, (16) can be obtained directly from (8): see Maddala and Lee (2976,
p. 528) and thus holds without assuming normality for g Now (16) is
also a conditional expectation fupnction relating observable variables, so

its parameters, gi, &, and § are consistently estimated by nonlinear leasc

“ﬁfﬂfffes‘ In practice a two-step procedure nay be used: First, estimate

. A

S by maximum-likelihood probit analysis of z on X, and insert those estimates
in place of § to calculate z = F(§f5) at each observation., Second, estimate
gi and a'by linea; least Squares regression of ¥ on X and z. From this
perspective, linear regression of y on g_and‘z produces biased estimates of
& because the variable z has not been purged of jts endogeneity.

For more formal discussion of these and alternative estimation proceduréé,
see also Tgkeshilaﬁemiya (1978), Heckman (1°78) and Lee {19?9 .

We believe that this straightforward applicationxof the Beckman-

Maddala-Lee approach resolves in principle the problem of selectivity bias

~as it arose in evaluation research. Having reached that pointc, we pust

indicate that a number of serious problems require attention among which .

k]

are the following:
(i) Choice among alternative consistent estimation procedures.
- (i) High degree of collirearity in the second-step regressions.

(i1i) Rebustness of estimators Lo non-normality of disturbances: see

s

Crawford (1979). ~ ) =
(1v) Missgecification of original model, in vhich case the nonlinear

terms n(xX, z; 9) and F(§'x) may be proxving” for omitied variables and/or

"

nonlinearities.

(v) Multiple selection rules; see Waldman (1979). T

26
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+
This listing includes both conceptual problems-—particularly (),
(iv), and possibly (iii)--and proSlems'of implementacion--mainly (i),
) (1i) an& (i;i). We are not able at chis cime to assess the Frequency
or serio&sness of these problems, so the list will have to stand by

) icself as a-rather stark agenda for future analvsis,

.
¥

ELY

[gv]
~3
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. NOTES

QTwo early influential bbéoks in this tradition are Roland ¥, MeXean,
Efficiency in government through Systems analysis (New York: John Wiley,
1958), and Otto Eckstein, Water rasources development: The economics of

* project evaluaction (Cambridge, Mass.: Harvard University Press, 1958).

-

2E. L. Scruening, and Marcia Guttentag, eds., Handbook of evaluation
: research, 2 vols., (Beverly Hills, Calif., 1975, Sage Fublications)..
- These volumes will be cited as HER I and Her II.

3See the appendix. )
- 4 /
Federal program evaluacion, 4 directory for the Congress, by the
U.S. General Accounting Office (Washingtom, D.C.: GPO, 1976)., No
informacion is given on the cost of these evaluatidns., Perhaps a

conservative estimate of the average cost of an evaluation sctudy is
$50,000. This implies that $85 million was spent in the 1973-75 period.

SHowever, consider the following statement by the economist Alice
Rivlin (1971, pp. 111-112):

A valid experimenc requires that individuals be
assigned to treatient or control groups by a random
selection process. Chance must enter. A& govern-

- ment official may find it far more difficult to
explain to the public chat he is allocating a scarce
resource <n the basis of chance than to defend some
other selection c¢ricerion such as need or meric or
“firsc come, firsc serve." But if such criteria
are used, those not selected cannotr validly be com-
pared with the treatment grouDd to establish the
effectiveness of the treatment, because the two
groups may differ in important ways.

6Campbell (1969) is reprinced-in HER I, pp. 71-99. Campbell and
Erlebacher (1970) is reprinted in HER I, pp. 597-617., The quotation in
the text is on p. 615 of HER I.

3

THER 1, p. 606.

8Campbell and Erlebacher also referred to the fact chat the amalysts in
the study being criticized had a more difficulc time finding the "most
disadvantaged” children among the control group (HER I, p. 607). This ’
proves nothing, however. The most disadvantaged children may be more
difficulec to recruit generally for either treatment or control groups.
Or the most disadvantaged control children who were found may have been
lower on true 2bility than the treatment children of the same measured
Stactus.

28
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9Actually, their model was more elaborate Chan Our two-squacion
recursive representation as chey allowed .for full simulcaneicy between uwnion
(salection) status and wage rates (outcomes). Thus, they required addicional
{dentifying restrictions to esctimate the effect of wage rates on union
scacus and used the restrictions that an industry's average educacional -
level and percencage of female employees affect wage rates but not the
extenc of unionism. Clearly, these are also debatable -assumpcions.

}OThere have been many recent attempts in the educational psychology
icerature at analyzing seleceivity-bias in che evaluacion model, Among
chese are Cronbach et al. (1977), Kenny (1975), Linn and Wercs (1977), Overall
and Woodward (1977), Porter and Chibucos (1975), Rubin (1974) , Weisberg
(1978). It now appears to us that chese actempts all ran astray precisely
because they focus on the linear régression (or ANCOVA) of 'y on X, 2,
as indeed we did in our earlier papers: Goldberger (1972), Barnow (1973),
Cain (1975). Our use of the c-variable in the pregent formulacion was -
scipulaved by some ideas in Crombach, ec al. (1977) and Weisberg (1978).
1r is worth nocting thac the present approach requires no ex ante specifi-
cation of the direccion of selece ion-~'""creaming” vs. "scraping'’. the
direceion caen be inferred ex post "from the signs of the coefficients.
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