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ABSTRACT 

S e l e c t i v i t y  b i a s  a r i s e s  in  program eva lua t ion  when t h e  t reatment  (or  

c o n t r o l )  s t a t u s  of t h e  s u b j e c t s  is  r e l a t e d  t o  unmeasured c h a r a c t e r i s t i c s  

t h a t  themselves a r e  r e l a t e d  t o  t h e  program outcome under study. This  

s i t u a t i o n  p o t e n t i a l l y  l e a d s  t o  a misest imation of t h e  t rea tment  e f f e c t .  

I n  t h i s  paper w e  adopt techniques r e c e n t l y  developed in t h e  econometric 

a n a l y s i s  of l a b o r  markets t o  t h e  b i a s  problem in  a convent ional  evalua- 

t i o n  model. A r e s o l u t i o n  of  t h e  problem emerges under assumptions t h a t  

a r e  reasonably  general .  References t o  t h e  i n s t i t u t i o n a l  s e t t i n g  of 

eva lua t ion  r e s e a r c h  and t o  a p p l i c a t i o n s  in l abor  economies p l a c e  t h e  

" s e l e c t i o n  bias" problem in a broader context .  The paper concludes w i t h  

s e v e r a l  cavea t s  about t h e  proposed technique. 



I s s u e s  in t h e  Analysis of S e l e c t i v i t y  Bias 

1. INTRODUCTION 

S e l e c t i v i t y  b i a s  a r i s e s  i n  program evalua t ions  when t h e  t reatment  

(o r  con t ro l )  s t a t u s  of t h e  s u b j e c t s  is  r e l a t e d  t o  unmeasured charac ter -  

i s t i c s  t h a t  themselves a r e  r e l a t e d  t o  t h e  program outcome under study. 

The term "bias" r e f e r s  t o  t h e  p o t e n t i a l  misestimation of t h e  e f f e c t  of 

t h e  t reatment  (o r  program) on t h e  outcome. S e l e c t i v i t y  b i a s  i s  a concern 

whenever t h e  assignment t o  treatment and c o n t r o l  groups i s  no t  random, 

cond i t iona l  on whatever observable explanatory v a r i a b l e s ,  i f  any, a r e  

used i n  t h e  ana lys i s .  So s t a t e d ,  i t  is  c l e a r  t h a t  t h e  i s s u e  of s e l e c t i o n  

b i a s  i s  pervas ive  i n  empir ica l  research  i n  economics because t h e  ass ign-  

ment of observa t ions  t o  t h e  d i f f e r e n t  s t a t u s e s  defined by t h e  ~ r e d i c t o r  

o r  explanatory v a r i a b l e s  of i n t e r e s t  a r e  seldom e x p l i c i t l y  random. Thus, 

t h e r e  should be  a common ground i n  t h e  methods used t o  analyze s e l e c t i v i t y  

b i a s  in program evalua t ion  and econometrics, d i s t i n c t  but i nc reas ing ly  

overlapping f i e l d s .  

I n  t h i s  paper we  adapt techniques developed i n  t h e  econometric a n a l y s i s  

of l abor  markets--part i c u l a r l y  by James J. Heckman (1974, 1976, 1978, 1979), 

G O  S. Maddala (1976, 1978) and Maddala and Lung-fei Lee (1976)--to t h e  

b i a s  problem in  a conventional eva lua t ion  model. A r.esolut ion of t h e  problem 

emerges under assumptions that a r e  reasonably general .  

The nex t  s e c t i o n  of t h e  paper provides an i n s t i t u t i o n a l  background 

by descr ib ing  developments in program evalua t ion  and i n  appl ied  l abor  



economics t h a t  d e a l  wi th  and i l l u s t r a t e  t h e  i s s u e  of s e l e c t i o n  b i a s .  Sec t ion  

2 then  in t roduces  a  simple model t h a t  i l l u s t r a t e s  formal ly  t h e  s t a t i s t i c a l  

i s s u e s ,  no te s  cond i t i ons  when no b i a s  e x i s t s  and when t h e  d i r e c t i o n  of b i a s  

i s  known, and p o i n t s  t o  s e v e r a l  misunderstandings i n  t h e  program eva lua t ion  

l i t e r a t u r e .  Sec t ion  3 surveys s e v e r a l  econometric approaches i n  l abo r  

economics t h a t  have attempted t o  e l imina te  (o r ,  equ iva l en t ly ,  t o  quan t i fy )  

t h e  b i a s .  Sec t ion  4 ,  which i s  t h e  co re  of t h e  paper,  a p p l i e s  t h e  new 

econometric approach t o  t h e  convent ional  eva lua t ion  model t o  i n d i c a t e  how 

t h e  s e l e c t i o n  b i a s  i n  t h i s  model may be resolved.  

1. Developments i n  Program Evaluat ion and Labor Economics Involving 
Se lec t ion  Bias  

Evaluat ion r e sea rch  began wi th  t h e  a n a l y s i s  of r a t h e r  small-scale  

p r o j e c t s ,  mainly in medicine, experimental and s o c i a l  psychology, educa t iona l  

psychology, and economics. I n  economics, t h e  b a s i c  approach was bene f i t -  

c o s t  a n a l y s i s ,  which w a s  d i f f e r e n t  from t h e  more d i r e c t  a p p l i c a t i o n  of 

s t a t i s t i c s  in t h e  o t h e r  d i s c i p l i n e s .  S ince  t h e  mid-1960s eva lua t ion  

r e sea rch  has been appl ied  t o  la rge-sca le  governmental programs whose m a i n  

purpose was t o  improve t h e  well-being of a  s i z e a b l e  segment of soc i e ty .  

Evaluat ion was no t  t h e  main o b j e c t i v e  of t h e  programs, which l a r g e l y  

exp la ins  why random assignment t o  t reatment  and c o n t r o l  groups was 

almost never employed. Nevertheless ,  ex post  eva lua t ions  were pub l i c ly  

demanded because t h e  successes  o r  f a i l u r e s  of t h e  programs were major 

pol it i c a l  i s sues .  

The c u r r e n t  p r a c t i c e  of program evalua t ion  r e sea rch  by economists i s  

q u i t e  d i f f e r e n t  from t h e  ex a n t e  eva lua t ion  of water resource  p r o j e c t s  and 

t h e  l i k e ,  which were t h e  mainstay of  t r a d i t i o n a l  benef i t - cos t  ana lys i s .  
1 



In ex post evaluations, the first priority is to estimate the quanti- 

tative effect of the program, which logically precedes the determination 

of whether the benefits exceed the costs. This priority puts a greater 

emphasis on statistical models and has brought economic evaluation research 

closer to the appr~aches~used in other disciplines. 

Today, evaluation research is a huge enterprise in applied social 

science. The Evaluation Research Society was organized in 1976, and the 

journal Evaluation began in 1973 with a grant from the National Institute 

of Mental Health. Courses on the topic are offered in graduate schools of 

many universities, often in recently established departments or centers of 

public administration and policy research. A two-volume Handbook of 
. \ 

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

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

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

bookcase, also tend to be recently published and written by noneconomists. 3 

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 written by researchers 

4 outside the government, but all were related to agency programs. One may 

safely credit (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. 

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

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

itself, only a small part of the total field. Nevertheless, selectivity 



b i a s  can be given a  broad i n t e r p r e t a t i o n ,  w i th  imp l i ca t ions  and a p p l i -  

c a t i o n s  extending beyond eva lua t ion  research .  For example, s e l e c t i v i t y  

b i a s  can b e  viewed broadly a s  a ve r s ion  of s p e c i f i c a t i o n  e r r o r  i n  s t a t i s -  

t i c a l  models i n  which behaviora l  outcomes a r e  func t ions  of "predic tor"  o r  

I t  explanatory' '  v a r i a b l e s .  I n  t h i s  ve r s ion ,  t h e  outcome of a  program is  

examined i n  t h e  same way a s  an  outcome of a  c o n t r o l l e d  experiment i n  a  

l abo ra to ry  o r ,  a t  t h e  o t h e r  end of t h e  spectrum of r e sea rch  s e t t i n g s ,  a s  

an  outcome i n  a  h i s t o r i c a l  process  measured wi th  t ime-ser ies  da t a .  There 

i s  a  common framework used t o  measure t h e  causa l  e f f e c t  on t h e  outcome o f ,  

r e s p e c t i v e l y ,  t h e  program, t h e  l abo ra to ry  t rea tment ,  o r  t h e  h i s t o r i c a l  event .  

S e l e c t i v i t y  concerns t h e  presence of some c h a r a c t e r i s t i c  of t h e  t rea tment  

( o r  con t ro l )  group t h a t  is a s soc i a t ed  both wi th  r e c e i p t  of t h e  t rea tment  

and a l s o  with t h e  outcome so a s  t o  l ead  t o  a  f a l s e  a t t r i b u t i o n  of c a u s a l i t y  

regard ing  t reatment  and outcome. So s t a t e d ,  s e l e c t i v i t y  b i a s  is a  v e r s i o n  

of omit ted-variable  b i a s ,  commonly analyzed under t h e  r u b r i c  of 

s p e c i f i c a t i o n  e r r o r  i n  econometric models. The unbiased measurement of 

causa l  e f f e c t s  is  a  broad and complex top ic .  A s  t he  eminent s t a t i s t i c i a n  

W. Edwards Deming (1975) s t a t e d ,  "Evaluation is  a s tudy  of causes." 

I n  l abo r  economics t h e  i s s u e  of s e l e c t i o n  b i a s  i n  eva lua t ion  models 

has been confronted d i r e c t l y  i n  a  number of r ecen t  s t u d i e s .  Training and 

educat ion programs dea l  wi th  ind iv idua l s  who a r e  e i t h e r  s e l ec t ed  f o r  t h e  

program o r  who a r e  s e l f - s e l ec t ed .  I f  t h i s  s e l e c t i o n  process  is  n o t  f u l l y  

known t o  t h e  i n v e s t i g a t o r ,  an unbiased measure of t h e  t rea tment  may be 

unobtainable .  For e x p l i c i t  a t t e n t i o n  t o  t h i s  problem, see  t h e  

eva lua t ion  s tudy  of a government t r a i n i n g  program by Orley Ashenfe l te r  



(1978) and t h e  eva lua t ions  of compensatory educat ion programs by I r w i n  

Gar f inke l  and Edward M. Gramlich (1973) and by Burt S. Barnow and ~ l e n  G. 

Cain (1977). Regulatory programs u s u a l l y  d e a l  w i th  f i rms ,  and aga in  

t h e r e  i s  s e l e c t i o n  by t h e  agenc ies  (o r  s e l f - s e l e c t i o n )  f o r  p a r t i c i p a t i o n  

i n  t h e  r e g u l a t o r y  process .  The apparent  e f f e c t s  of t h e  program may be 

b iased  because t h e  outcomes may r e f l e c t  unmeasured p r e e x i s t i n g  charac te r -  

i s t i c s  of t h e  s e l e c t e d  f i rms .  Eva lua t ions  of  an t i -d i s c r imina t ion  and 

a f f i r m a t i v e  a c t i o n  programs a r e  a  case  i n  p o i n t ,  and Heckman and 

Kenneth I. Wolpin's (1976) s tudy  of t h e  Of f i ce  of Fede ra l  Cont rac t  Compliance 

of t h e  U.S. Department of Labor d e a l s  e x p l i c i t l y  w i th  s e l e c t i o n  b i a s .  

Another example i s  t h e  s tudy  by Robert S. Smith (1975) of t h e  impact on 

i n j u r i e s  of t h e  " t a r g e t  i n d u s t r i e s  program" of t h e  Occupational Sa fe ty  and 

Hea l th  Act ( s e e  a l s o  t h e  c r i t i q u e  by Jack E. T r i p l e t t  [1975]). 

There a r e  a l s o  well-hown examples of t h e  s e l e c t i o n  b i a s  i s s u e  

in o t h e r  a r e a s  of l a b o r  economics, t e s t i f y i n g  t o  t h e  pervasiveness  of 

t h e  i s s u e  i n  empi r i ca l  economic research .  Attempts t o  measure t h e  e f f e c t  

of unions on wages a r e  e s p e c i a l l y  i n t e r e s t i n g  because t h e  s e l e c t i o n  process  

is so  v a r i e d  i n  s e v e r a l  dimensions. The u n i t s  of observa t ion  may be  

i n d u s t r i e s ,  occupat ions,  f i rms ,  o r  i nd iv idua l s .  There is an  element of 

s e l f - s e l e c t i o n  among ind iv idua l  workers,  dependent i n  p a r t  on t h e  worker 's  

p r e f e r ences  f o r  unionism; t h e r e  is s e l e c t i o n  by union o rgan ize r s ,  dependent 

i n  p a r t  on t h e  c o s t s  and b e n e f i t s  t o  t h e  union of organiz ing  t h e  work p l ace ;  

and t h e r e  i s  s e l e c t i o n  by employers through t h e i r  h i r i n g  and personnel  

p o l i c i e s .  Some twenty y e a r s  ago H. Gregg Lewis (1959) d i scussed  t h e s e  

p o t e n t i a l  s e l e c t i o n  b i a s e s  i n  examining t h e  union wage e f f e c t .  Severa l  



r ecen t  econometric s t u d i e s  have at tempted t o  model t h e  s e l e c t i o n  of workers 

i n t o  union s t a t u s  i n  t h e  course of e s t ima t ing  t h e  union wage e f f e c t :  

Ashenfe l te r  and George Johnson (1972), P e t e r  Schmidt and I b b e r t  P. S t r a u s s  

(1976), Lee (1978), and Duane Leigh (1978) ( s ee  a l s o  Randall  J. Olsen 

[1978]). The i n t r i c a c i e s  in t h i s  a r e a  a r e  i l l u s t r a t e d  by not ing  t h a t  t h e  

b i a s  may d i f f e r  a c r o s s  demographic o r  s o c i a l  groups i n  t h e  popula t ion .  

Ashenfe l te r  (1972) es t imated  a l a r g e r  union e f f e c t  f o r  b l acks  than  f o r  whites ,  

and Zvi G r i l i c h e s  (1976) es t imated a r e l a t i v e l y  l a r g e  union e f f e c t  on t h e  

wages of young men, ages  17-27. Does t h e  s e l e c t i o n  process  o p e r a t e  d i f f e r -  

e n t l y  among such groups of workers, and, i f  so,  a r e  d i f f e r e n t i a l  b i a s e s  a 

consequence? 

Labor supply s t u d i e s  of women have probably provided t h e  most e x p l i c i t  

a t t e n t i o n  t o  t h e  s e l e c t i v i t y  b i a s  i s s u e  i n  economics. Here t h e  market 

wage of women is  t h e  analogue t o  t h e  t reatment  i n  eva lua t ion  s t u d i e s ,  and 

t h e  s e l e c t i v i t y  process  a f f e c t s  l abo r  fo rce  p a r t i c i p a t i o n  and t h u s  t h e  

o b s e r v a b i l i t y  of t h e  market wage. A s p e c i a l  f e a t u r e  he re  i s  t h a t  t h e  sample 

f o r  which a wage i s  measured i s  truncated--no wage is measured f o r  non- 

working women. I n  t h e  t y p i c a l  program-evaluation des ign ,  t h e  t rea tment  

v a r i a b l e  i s  measured f o r  both t h e  t reatment  and c o n t r o l  groups. Heckman 

provided an  e a r l y  a n a l y s i s  of t h i s  problem (1974) and a u s e f u l  review 

a r t i c l e  (1976). Yoram Ben-Porath (1973), Reuben Gronau (1973, 1974),  and 

Lewis (1974) had e a r l i e r  d i s cus s ions  of t h i s  a p p l i c a t i o n  of s e l e c t i v i t y  

b i a s ,  and T. Paul  Schul tz  (1980) and Giora Hanoch (1980) have con t r ibu t ed  

more r ecen t  work. 



Even t h o s e  r a r e  examples of economic r e s e a r c h  which u s e  c o n t r o l l e d  

exper iments  w i t h  random assignments  t o  program status--namely , t h e  

n e g a t i v e  income t a x  experiment s--have been forced  t o  conf ron t  s e l e c t i v i t y  

b i a s .  The i s s u e  a r i s e s  w i t h  r e s p e c t  t o  a t t r i t i o n ,  p a r t i c u l a r l y  when t h e  

s u b j e c t s  l e a v e  t h e  experiment f o r  one of  t h e  e x i s t i n g  w e l f a r e  programs. 

Analyses of t h e s e  exper iments  have included a t t emp t s  a t  modeling t h e  pro- 

c e s s e s  of a t t r i t i o n  and of p a r t i c i p a t i o n  i n  we l f a r e  programs: Harold W. 

Watts ,  Jon K. Peck, and Michael Taussig  (1977) , and Garf i n k e l  (1977). 

Other s t u d i e s  in l a b o r  economics w i l l  be c i t e d  in Sec t i on  3 a s  

i l l u s t r a t i v e  of s p e c i f i c  approaches  t o  dea l i ng  w i t h  s e l e c t i v i t y  b i a s .  Our 

t h e s i s  t h a t  t h e  i s s u e  of s e l e c t i v i t y  b i a s  is  important and pe rvas ive  i n  

econoinetric r e s e a r c h  a s  w e l l  a s  in program eva lua t i on  r e s e a r c h  should be  

noncon t rove r s i a l .  

2 .  A SIMPLE FORMULATION OF THE EVALUATION MODEL 

We focus  on t h a t  p a r t  o f  a n  eva lua t i on  t h a t  s eeks  t o  measure t h e  e f f e c t  

of t h e  program on a s p e c i f i c  q u a n t i f i e d  outcome. Many a s p e c t s  of a f u l l  

e v a l u a t i o n  a r e  ignored in t h i s  narrow focus :  t h e  c o s t s  of t h e  program, t h e  

dol lar-equ i v a l e n t  v a l u e  of t h e  outcome, t h e  a d m i n i s t r a t  ion of t h e  program, 

t h e  equ i ty  i s s u e s  involved i n  t h e  d i s t r i b u t i o n  of b e n e f i t s  and c o s t s ,  t h e  

correspondence between measured outcomes and p o l i t i c a l  o b j e c t i v e s ,  t h e  

quest  ion of m u l t i p l e  o b j e c t i v e s ,  and o the r s .  

For s i m p l i c i t y ' s  sake,  assume t h a t  t h e  outcome, y, is l i n e a r l y  r e l a t e d  

t o  the t r ea tmen t  s t a t u s ,  z (def ined  by p a r t i c i p a t i o n  i n  t h e  program), and t o  

an  unobserved v a r i a b l e ,  w, de f ined  a s  t h e  preprogram " t r u e  a b i l i t y "  t o  

ach i eve  t h e  outcome. A pure  random t e r m ,  E, completes t h e  equat ion.  I n  



t h i s  h y p o t h e t i c a l  eva lua t i on  model, w i t h  y s y s t e m a t i c a l l y  r e l a t e d  t o  z 

and w, t h e r e  would be no need f o r  any o t h e r  c o n t r o l  v a r i a b l e s .  The 

e v a l u a t o r ' s  i n t e r e s t  i s  i n  t h e  e f f e c t  of z on y, g iven  t r u e  a b i l i t y ,  and 

by assumption w complete ly  measures t h a t  t r u e  a b i l i t y .  I n  (1) below, a 

i s  t h e  t r u e  t r e a tmen t  e f f e c t :  

But t h i s  equa t ion  is nonopera t iona l  because w i s  unobserved (which, 

i n c i d e n t a l l y ,  i s  why a s s ign ing  i t  a u n i t  c o e f f i c i e n t  i s  i nnocen t ) .  How may 

t h e  e v a l u a t o r  persuade  a n  i n t e r e s t e d  audience t h a t  t h e  measured e f f e c t  of z 

on y i s  f r e e  o f  any contaminat ion f r o m a  c o r r e l a t i o n  between z and W, 

g iven t h a t  w i s  n o t  a v a i l a b l e  as a n  exp lana tory  v a r i a b l e ?  Random a s s ign -  

ment t o  t h e  z s t a t u s  is  convincing i n  p r i n c i p l e .  But t h e  i n t e g r i t y  of 

randomizat ion may be  compromised i n  p r a c t i c e  (by r e l i a n c e  on v o l u n t e e r s ,  by 

t h e  absence of a double-blind des ign ,  by a t t r i t i o n ) ,  and i n  any even t ,  

a lmost  a l l  programs d e l i b e r a t e l y  u s e  nonrandom ass ignments .  

There should be widespread agreement among economists t h a t  random 

ass ignments  a r e  n o t  e s s e n t i a l  t o  t h e  e s t ima t i on  of  unbiased t r e a tmen t  

5 
e f f e c t s .  A s  we have argued i n  e a r l i e r  pape r s ,  unb iasedness  i s  a t t a i n a b l e  

when t h e  v a r i a b l e s  which determined t h e  assignment a r e  known, q u a n t i f i e d ,  

and inc luded  i n  t h e  equa t ion :  Goldberger (1972),  Barnow (1973),  Cain 

(1975). Assume t h a t  an  observed v a r i a b l e ,  t ,  was used t o  de te rmine  a s s ign -  

ment i n t o  t h e  t r e a tmen t  group ( z  = 1 )  and t h e  c o n t r o l  group ( z  = 0). I n  

g e n e r a l ,  t ,  which we r e f e r  t o  as t h e  s e l e c t i o n  v a r i a b l e ,  would be a s c o r e  

based on a composite of v a r i a b l e s ,  some of which would be  c o r r e l a t e s  of 



a b i l i t y ,  w. Nevertheless ,  s i n c e  t is  t h e  only sys temat ic  determinant  of 

t rea tment  s t a t u s ,  t w i l l  cap ture  any c o r r e l a t i o n  between z  and w. Thus, 

t h e  observed t could r e p l a c e  t h e  unobserved w a s  t h e  explanatory v a r i a b l e  

i n  (1) .  I n  equat ion  (2 ) ,  B1 would be unbiased,  t h a t  is ,  equal  t o  a:' 

The use  of e i t h e r  w - o r  t a s  an  explanatory v a r i a b l e ,  then,  w i l l  f r e e  z 

from t h e  contamination which l eads  t o  s e l e c t i v i t y  b i a s .  

"Modeling t h e  s e l e c t i o n  process" is, of course,  p r e c i s e l y  what one 

claims t o  do when spec i fy ing  a  m u l t i p l e  r eg re s s ion  which holds  cons tan t  

t hose  t r a i t s  of t h e  u n i t  of observa t ion  t h a t  a f f e c t  t h e  outcome - and t h a t  

a r e  c o r r e l a t e d  wi th  t h e  input  v a r i a b l e  of i n t e r e s t .  A pure ly  random d e t e r -  

minant of assignment would be harmless,  where "random" r e f e r s  t o  a  s e l e c t i o n  

variable--such a s  t h e  f l i p  of a  coin--that does not  a f f e c t  t h e  outcome. 

Theory i s  supposed t o  t e l l  u s  which s e l e c t i o n  v a r i a b l e s  a r e  a s soc i a t ed  wi th  

outcomes. A s  examples: how do persons g e t  "se lec ted  in to"  d i f f e r e n t  

educa t iona l  a t ta inment  c a t e g o r i e s  o r  i n t o  union membership, and how do t h e  

v a r i a b l e s  f u l l y  desc r ib ing  t h i s  process  r e l a t e  t o  a n  outcome v a r i a b l e  l i k e  

earn ings?  

To i l l u s t r a t e  b r i e f l y  t h e  s e l e c t i o n  model with an example t h a t  has  

spawned an  extended controversy,  assume z is  p a r t i c i p a t i o n  i n  t h e  Head 

S t a r t  compensatory educat ion program, y i s  t h e  postprogram t e s t  s co re  t h a t  

i s  presumed t o  measure cogn i t i ve  achievement, and t r e p r e s e n t s  t h e  family 

income of t h e  ch i ld ren .  Assume, f u r t h e r ,  t h a t  those  c h i l d r e n  f o r  whom t 

i s  below t h e  poverty l i n e  ( t  ) a r e  i n  t h e  program (z = 1 )  and those  wi th  
P 

va lues  of t above t a r e  excluded (z  = 0). Even though t h e  c o r r e l a t i o n  
P 



between w and t and t h e  c o r r e l a t i o n  between z  and t a r e  bo th  nega t ive ,  t h e r e  

i s  no b i a s  i n  B1 i n  model ( 2 ) .  Figure  1 i l l u s t r a t e s  t h e  magnitude of B 
1 

i n  t h e  case  t h a t  t h e  program i s  b e n e f i c i a l .  

A misunderstanding has  a r i s e n  i n  t h e  u se s  and i n t e r p r e t a t i o n  of t h i s  

model. I n  a  seminal paper on eva lua t ion  methodology, t h e  psychologis t  

Donald T. Campbell (1969) suggested t h a t  t h i s  model, which he c a l l s  t h e  

I I r e g r e s s i o n  d i s c o n t i n u i t y "  des ign ,  is seve re ly  r e s t r i c t e d .  But h i s  r ea sons ,  

i n  f a c t ,  do no t  apply. Campbell and Alber t  Erlebacher  (1970) s ay  t h a t  t h e  

model r e q u i r e s  a  random assignment among "ties" on t h e  boundary l i n e  of 

p a r t i c i p a t i o n  ( t  i n  our  example), and t h a t  "we would l e a r n  about t h e  e f f e c t s  
P 

of t h e  program only f o r  a  narrow band . . . . W e  would wonder about i ts  

e f f e c t i v e n e s s  f o r  t h e  most disadvantaged."6 But model (2) u se s  t h e  f u l l  

range of t ;  t i es  a r e  inconsequent ia l ,  and t h e r e f o r e  no randomization is 

needed; and t h e  e n t i r e  range of va lues  of t provides  p o t e n t i a l  

information f o r  t h e  e f f e c t i v e n e s s  of t h e  program, even f o r  non l inea r  o r  

i n t e r a c t i v e  e f f e c t s .  F igures  2A and 2B i l l u s t r a t e  nega t ive  and p o s i t i v e  

i n t e r a c t i o n s  between t h e  t reatment  and t .  The nonl inear  f u n c t i o n a l  forms 

shown a r e  chosen t o  avoid both d e l e t e r i o u s  and explos ive  t rea tment  e f f e c t s  

when t becomes l a r g e ;  such n o n l i n e a r i t i e s ,  of course ,  would have t o  be 

s p e c i f i e d  i n  t h e  model. 

Let u s  examine next  t h e  ca se  where t h e  s e l e c t i o n  p roces s  is not  known 

p r e c i s e l y ,  i n  t h e  sense  t h a t  t h e  a v a i l a b l e  d a t a  do no t  permit q u a n t i f i c a t i o n  

of t .  Assume t h a t  t h e r e  i s  a v a i l a b l e  a  v e c t o r  - x, composed of v a r i a b l e s  

t h a t  a r e  c o r r e l a t e d  with--that i s ,  proxy fo r - - ab i l i t y ,  w. A t  t h e  same 

time, x may inc lude  v a r i a b l e s  which e n t e r  t .  The equa t ion  t o  be  f i t t e d  i s  - 



F i g u r e  1 

z = 1 ,  t r e a t m e n t  

n=O,  c o n t r o l  

/ 

/ 

/ 

/ 

/ 

/ 

- 7 

L t ,  F a m i l y  Income 
P  

F i g u r e  1. Nonrandom a s s i g n m e n t  t o  t r e a t m e n t  and c o n t r o l  g r o u p s ,  b a s e d  
on f a m i l y  income,  t .  Daslled l i n e s  r e p r e s e n t :  n o n o b s e r v e d  
e x t r a p o l a t i o n  o f  y, g i v e n  t and  t h e  t r e a t m e n  t / c o n t  r o l  
s t a t u s ,  7.. 



F i g u r e  2A 

Negat ive  z x t i n t e r a c t i o n  

I 

/ 
/I 

/ 
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- - ...- 
z = 0, c o n t r o l  
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F i g u r e  2B 

P o s i t i v e  Z x t i n t e r a c t i o n  

z = 1, t r e a t m e n t  

F i g u r e s  2A Nonrandom ass ignments  t o  t r e a t m e n t  and c o n t r o l  groups based 
and 2B on fami ly  income, t ,  i n  examples where t h e  t r e a t m e n t  i n t e r -  

a c t s  w i th  t .  Dashed l i n e s  r e p r e s e n t  nonobserved e x t r a -  
p o l a t i o n s  of  y ,  g iven t and t h e  t r e a t m e n t l c o n t r o l  s t a t u s .  
I n  F igure  2A t h e  upper s o l i d  l i n e ,  showing a n e g a t i v e  
i n t e r a c t i o n ,  i s  assumed t o  r each  a n  asymptote  r a t h e r  t h a n  t o  
d e c l i n e  i n d e f i n i t e l y ,  t h u s  avo id ing  a d e l e t e r i o u s  t r ea tmen t  
e f f e c t  a t  h i g h e r  t v a l u e s .  S i m i l a r l y  i n  F i g u r e  2B, a p o s i t i v e  
t r ea tmen t  x s e l e c t i o n  i n t e r a c t i o n  i n c r e a s e s  a t  a d e c r e a s i n g  
r a t e  and r eaches  a n  asymptote,  t h u s  p r e v e n t i n g  t h e  t r e a t m e n t  
e f f e c t  from exploding a t  h i g h e r  t v a l u e s .  



An estimate of y in this model will in general be biased for a. As 1 

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

and w conditional on - x and may be positive or negative. On this point a 

misunderstanding arose in the well-known and often-cited paper by Campbell 

and Erlebacher (1970) dealing with an evaluation of Head Start. They argued 

that the 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 the socioeconomic status ratings subse- 
quently made [which showed a negative correlation 
between socioeconomic status and treatment status]. 

7 

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

standing. In the example discussed, - x was the socioeconomic status of 

the parents. Knowing that the - x, w correlation is positive, one cannot 

infer that a negative - x, z correlation biases down the Head Start (or z) 

effect. What determines the bias is the conditional covariance, C(Z ,w(?) 

and not the unconditional covariance, C(z,w). 
8 

Consider 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, and there would be no bias in estimating the treatment effect 

regardless of the selection process. Here, C(z,w) 0 but ~(z,wlx) - = 0 

because x coincides with w. This polar case is presumably hypothetical 

because w is unobserved. As another polar case, - x coincides with t, and 



t h e r e  i s  aga in  no b i a s ,  a s  was discussed above i n  connect ion wi th  equat ion  

( 2 ) .  Here aga in  C(z,w) # 0, but  C(z,wlx) = 0 because s e l e c t i o n  on t (= X) - - 

means t h a t  t he  only r e l a t i o n  between w and z  is  t h a t  which i s  induced by t h e  

r e l a t i o n  between w and t (= x ) ,  a  source of c o r r e l a t i o n  which i s  f u l l y  - 

captured by 5. A t h i r d  polar  ca se  is  t h a t  t ,  and t h e r e f o r e  t h e  z  s t a t u s ,  

is  random, l i k e  a  co in  f l i p .  Here again,  c(z,wlZ) = 0, and indeed C ( Z , ~ )  = 0. 

This  l eaves  t h e  important c a s e  when w i s  unobserved and t h e  s e l e c t i o n  

i s  nonrandom and not  f u l l y  measured. With no o t h e r  o u t s i d e  informat ion ,  

nothing can be s a i d  about t h e  d i r e c t i o n  of b i a s .  With information about t h e  

cond i t i ona l  covariances--in p a r t i c u l a r  c(z,w lx), bu t  a l s o  C( t ,x\ w) o r  i ts  

equiva len t  i n  s i g n ,  c (z ,x)w)- -d i rec t ion  - of b i a s  may b e  determined. With 

information about t he  d i s t r i b u t i o n  of t h e  unobserved v a r i a b l e s ,  t and w, 

a long wi th  information about t h e  func t iona l  form r e l a t i n g  t and w t o  x,  i t  - 

t u r n s  out--perhaps surpr i s ingly- - tha t  t h e  b i a s  may be quan t i f i ed ,  and 

f u r t h e r ,  t h a t  t h i s  achievement does no t  r e q u i r e  information about t h e  s i g n s  

of t h e  r e l a t i o n s ,  cond i t i ona l  o r  uncondi t iona l ,  among t ,  w, z ,  and - x ,  beyond 

what may be d i r e c t l y  measured on t h e  b a s i s  of t h e  observed va lues  of  z  and 5. 

The q u a n t i f i c a t i o n  (o r  equ iva l en t ly  t h e  e l imina t ion )  of b i a s  i n  terms of t h e  

model of eva lua t ion  i s  demonstrated i n  Sec t ion  4. Le t  u s  f i r s t  survey 

b r i e f l y  t h e  handling of s e l e c t i v i t y  b i a s  i n  t h e  r ecen t  econometric s t u d i e s  

i n  l a b o r  economics. 

3. APPROACHES TO SELECTION BIAS I N  LABOR ECONOMETRICS 

A s  we read t h e  l abo r  econometrics l i t e r a t u r e ,  i t  t a p s  a d d i t i o n a l  i n fo r -  

mation about t h e  s e l e c t i o n  process  t o  ob ta in  an unbiased es t imate  of t h e  



t rea tment  e f f e c t  when t h e  observed x -va r i ab l e s  exhaust  n e i t h e r  t nor  w. I n  

essence,  a  s e l e c t i o n  equa t ion  wi th  z a s  t h e  dependent v a r i a b l e  i s  s p e c i f i e d ,  

and r e s t r i c t i o n s  a r e  placed on i t  r e l a t i v e  t o  t h e  outcome equation--our (3) .  

The r o l e  of  t h e  r e s t r i c t i o n s  i s  t o  purge t h e  apparen t  t rea tment  e f fec t - -  

Y1 
i n  our  equa t ion  (3)--of any p r e e x i s t i n g  d i f f e r e n c e s  between t h e  t r e a t -  

ment and c o n t r o l  groups. I n  ou r  read ing ,  w e  d e t e c t  two types  of r e s t r i c -  

t i o n s .  The f i r s t  type  s p e c i f i e s  t h a t  one o r  more v a r i a b l e s  determining 

s e l e c t i o n  do not a f f e c t  t h e  outcome and hence a r e  excludable  from t h e  out-  

come equa t ion .  Thus, information on v a r i a b l e s  excluded from - x is  r equ i r ed .  

The second type  s p e c i f i e s  a  f u n c t i o n a l  form f o r  t h e  r e l a t i o n  between - x and 

w and a  non l inea r  r e l a t i o n  between z  and 2. This  l e a d s  t o  a  non l inea r  

func t ion  of - x i n  t h e  outcome equa t ion ,  which se rves  t o  c o n t r o l  f o r  any z ,  

w r e l a t i o n  t h a t  i s  n e t  of x .  - 

I n  d i s t i n g u i s h i n g  t h e s e  two types  of  r e s t r i c t i o n s ,  we pass  over  what 

i s  no doubt t h e  most common approach: simply assume away t h e  s e l e c t i o n  b i a s  

a f t e r  a  d i l i g e n t  a t tempt  t o  i nc lude  a l a r g e  number of v a r i a b l e s  i n  x t h a t  

c o n t r o l  f o r  a b i l i t y ,  w.  The argument, o r  assumption, i s  t h a t  whatever t h e  

s e l e c t i o n  v a r i a b l e s  may be,  beyond those  included i n  - x ,  they a r e  un re l a t ed  

t o  outcome. I n  t h e  two-equation r e c u r s i v e  formula t ion  f o r  z  and f o r  y ,  

which w e  d i scussed  above and p re sen t  formally i n  s e c t i o n  4 ,  t h i s  amounts 

t o  assuming t h a t  z is  determined by both x and a  d i s tu rbance  t h a t  i s  uncorre- 

l a t e d  wi th  t h e  d i s turbance ,  c**,  i n  equa t ion  (3) determining y. Most of t h e  

r e sea rch  e s t ima t ing  t h e  e f f e c t  of educat ion ( t h e  t rea tment  v a r i a b l e )  on 

ea rn ings  ( t h e  outcome) adopts  t h i s  approach. Also, t h e  empi r i ca l  e s t ima te s  

of t h e  Head S t a r t  e f f e c t  on t e s t  s c o r e s  by Barnow and Cain (1977) f e l l  i n  

t h i s  ca tegory .  



Two examples s u f f i c e  t o  i l l u s t r a t e  t h e  f i r s t  type  of r e s t r i c t i o n ,  

which is t o  ob ta in  a d d i t i o n a l  x's t h a t  have no e f f e c t  on t h e  outcome and 

then t o  u se  t h i s  information t o  i d e n t i f y  t h e  t rea tment  e f f e c t .  A 

t r i v i a l  bu t  u n i v e r s a l l y  accepted case  i s  the  co in  f l i p .  When t h e  t 

v a r i a b l e  is generated n a t u r a l l y  by environmental o r  market f o r c e s ,  

however, t h e  assumption t h a t  t h e  " se l ec t ion  va r i ab l e s "  have no e f f e c t  

on t h e  outcome w i l l  u sua l ly  be con t rove r s i a l .  For example, i n  a s tudy  of 

t h e  e f f e c t  of unionism on wage r a t e s ,  Ashenfe l te r  and Johnson (1972) 

va r ious ly  assumed t h a t  t h e  concent ra t ion  r a t i o  of t h e  indus t ry  o r  t h e  

reg ion  of res idence  (South o r  non-South) determines t h e  ex ten t  of 

unionism, while  concent ra t ion  and reg ion  have no causa l  e f f e c t  upon 

wage r a t e s .  Thus, those two v a r i a b l e s  a r e  excluded from t h e  s t r u c t u r a l  

equat ion f o r  wages. The au thors  suggested t h a t  those  i d e n t i f y i n g  

r e s t r i c t i o n s  might be  considered a r b i t r a r y .  
9 

The second type  of r e s t r i c t i o n  permi ts  d i s t i n g u i s h i n g  between t h e  

way t h e  - x-var iab les  a f f e c t  s e l e c t i o n  from t h e  way they a f f e c t  outcomes 

(o r ,  equ iva l en t ly ,  t h e  way they represent  a b i l i t y ) .  David Greenberg and 

Marvin Kosters (1973) analyzed t h e  r e l a t i o n  between l abo r  supply (an 

outcome) and nonlabor income ( t h e  t rea tment ) .  Thei r  i n i t i a l  empi r i ca l  

work l e d  them t o  spec i fy  a s e l e c t i o n  process  t h a t  involved d i f f e r e n t i a l  

t a s t e s  o r  preferences  f o r  a s s e t  accumulation (and, t hus ,  f o r  nonlabor 

income). They used some of t h e  - x-var iab les  from t h e  l abo r  supply equat ion 



t o  e s t i m a t e  a s s e t  p re fe rences  by t h e  dev ice  of a r e g r e s s i o n  of observed 

a s s e t s  on t h e  s e l e c t e d  - x-var iab les .  P red ic ted  a s s e t s  were included i n  t h e  

f i n a l  l a b o r  supply  equat ion,  and i d e n t i f i c a t i o n  of i t s  e f f e c t  was achieved 

by v i r t u e  of i t s  n o n l i n e a r  r e l a t i o n  t o  - x. The c o n t r o v e r s i a l  f e a t u r e  of 

t h i s  procedure i s  t h a t  t h e  s p e c i f i c a t i o n  of t h e  non l inea r  f u n c t i o n  between 

observed a s s e t s  and t h e  s e t  of x -va r iab les  was somewhat ad hoc. 

More r e c e n t  work, beginning wi th  Heckman (1974), appears  t o  be cons ide r -  

ab ly  more genera l .  A non l inea r  f u n c t i o n a l  form i n  - x t h a t  s e r v e s  t o  i d e n t i f y  

t h e  t r ea tment  e f f e c t  i s  n o t  imposed d i r e c t l y  b u t  r a t h e r  emerges from two 

assumptions: one,  t h a t  t h e  d i s t r i b u t i o n  of t h e  e r r o r  t e r n s  i n  t h e  equa t ions  

f o r  t h e  omit ted  v a r i a b l e s ,  w and t ,  i s  b i v a r i a t e  normal; and, two, t h a t  t h e  

f u n c t i o n a l  forms r e l a t i n g  w and t t o  5 a r e  known-in p r a c t i c e ,  known t o  

be l i n e a r .  We develop t h i s  i n  Sec t ion  4. 

Heckman's model, d e a l i n g  w i t h  t h e  l a b o r  supply of women, i s  compli- 

ca ted  by two f e a t u r e s :  one, s i m u l t a n e i t y ,  which does n o t  appear i n  t h e  

t y p i c a l  e v a l u a t i o n  model; and t h e  o t h e r ,  t r u n c a t i o n ,  which does appear bu t  

i n  a somewhat d i s g u i s e d  form. F i r s t ,  i n  t h e  women's l a b o r  supply  model, t h e  

analogue t o  t h e  omit ted  a b i l i t y  v a r i a b l e  is  t h e  "shadow p r i c e  of time" i n  

housework, and t h i s  i s  assumed t o  be a f f e c t e d  by t h e  outcome v a r i a b l e ,  

hours  of market work. Thus, a simultaneous-equation model i s  s p e c i f i e d  and,  

a s  wi th  t h e  Ashenfe l t e r  and Johnson model, a d d i t i o n a l  i d e n t i f y i n g  r e s t r i c t i o n s  

a r e  r equ i red .  Second, a s  mentioned e a r l i e r ,  t h e  analogue t o  t h e  t r ea tment  

v a r i a b l e  is  t h e  wage r a t e ,  and t h i s  is no t  observed f o r  women who supply  

zero  hours  of market work. Thus, t h e  d i s t r i b u t i o n  of wage r a t e s  is  t runca ted  

and, u n l i k e  t h e  t r ea tment  v a r i a b l e  i n  program e v a l u a t i o n  models, i s  n o t  



measured f o r  a l l  observat ions .  Th is  i s  only  an apparent  d i f f e r e n c e ,  however. 

In  the  e v a l u a t i o n  model wi th  d i f f e r e n t i a l  a b i l i t y  between t reatment  and 

c o n t r o l  groups,  t h e  two groups a r e  e f f e c t i v e l y  t runca ted  (o r  censored) on 

a b i l i t y ,  and t h e  technique f o r  c o r r e c t i n g  f o r  t h e  omit ted v a r i a b l e  b i a s  i s  

t h e  same a s  t h e  technique f o r  c o r r e c t i n g  f o r  t h e  t r u n c a t i o n  b i a s .  

4 .  UNBIASED ESTIMATION OF TREATMENT EFFECTS I N  THE EVALUATION MODEL 

We now sharpen t h e  s p e c i f i c a t i o n  of t h e  e v a l u a t i o n  model i n  a way which 

w i l l  permit unbiased es t imat ion  of t h e  t reatment  e f f e c t .  The observable  

v a r i a b l e s  a r e  y  = outcome, z  = t rea tment  ( z  = 1 f o r  t r ea tment  group, z = 0 

f o r  c o n t r o l  group),  and - x = vec tor  of c o v a r i a t e s  ( inc lud ing  t h e  c o n s t a n t ) .  

The unobserved v a r i a b l e s  a r e  w = a b i l i t y  and t = s e l e c t i o n ,  along wi th  

va r ious  d i s tu rbances  t o  be introduced below. By d e f i n i t i o n  of t ,  ass ign-  

ment t o  t h e  two groups is  determined by 

By d e f i n i t i o n  of w ,  outcome is  determined by 

where t h e  d i s tu rbance  co i s  normally d i s t r i b u t e d ,  independent of w and z ,  

wi th  expec ta t ion  zero and var iance  a . 
00 

Consider t h e  j o i n t  p r o b a b i l i t y  d i s t r i b u t i o n  of w, t ,  and 5 i n  t h e  

i n i t i a l  populat ion,  t h a t  is, p r i o r  t o  s e l e c t i o n  and t reatment .  We suppose 

t h a t  



where El and 0 a r e  c o e f f i c i e n t  v e c t o r s  and where t h e  d i s tu rbances  E 
-2 1 

and c2 a r e  bivar ia te-normal ,  independent of - x (and of co) wi th  expec ta t ions  

ze ro ,  v a r i a n c e s  all and a22, and covar iance a12. Note t h a t  i n  (6)-(7) 

two sources  of nonrandom s e l e c t i o n  a r e  d i s t ingu i shed :  w and t can be 

c o r r e l a t e d  v i a  t h e i r  common dependence on - x and v i a  t h e  c o r r e l a t i o n  of 

t h e i r  d i s tu rbances  E and E Equations (6)-(7) a r e  no t  in tended t o  be 1 2' 

causa l :  we need no t  say t h a t  - x determines w and/or  t .  Rather, t h e ' s p e c i -  

f i c a t i o n  may be i n t e r p r e t e d  a s  purely  d e s c r i p t i v e  o&the j o i n t  p r o b a b i l i t y  

d i s t r i b u t i o n  of w,  t ,  and x .  - 

Proceeding t o  t h e  a n a l y s i s ,  we s u b s t i t u t e  (6) i n t o  (5) t o  g e t  t h e  

outcome equation: 

where E = E + E ~ .  Now E and E a r e  bivar ia te-normal ,  independent of 
3 1 2 3 

x ,  wi th  expec ta t ions  ze ro ,  va r iances  a and a = all + aoO, and covar iance - 2 2 33 
- 

'23 - 5 2 .  
We seek E ( ~ J & ,  z ) ,  t h e  expec ta t ion  of outcome c o n d i t i o n a l  on t h e  

c o v a r i a t e s  and t h e  t reatment  dummy. 

From (4)  and (7)  we s e e  t h a t  t h e  event  z = 1 i s  equ iva len t  t o  t h e  

event  8 '  x + E~ > 0 ,  and thus  t o  E~ > - 0 '  x and t h u s  t o  (E2/a2) > - B'x, -2 - -2 -9 - - 

where o = and 0 = (1/a2)  E2. By t h e  same argument, t h e  event  z = 0 2 - 

i s  equ iva len t  t o  (E  / a  ) < - B'x. Now E /a  is  a s tandard normal v a r i a b l e  2 2 -  - -  2 2 

independent of - x. Since z is  b inary ,  i t  follows t h a t  

( 9  E ( Z / X )  - = Prob {z  = l ( x )  - = 1 - F(-  - B'x) = E'(B1x), - - 



where F(-) denotes the standard normal cumulative distribution function. 

Further, it follows that 

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

Kotz (1970, p. 81). Using f and F as shorthand for f(B1x) - - and F(B1x) - - 

respectively, we can assemble (10)-(11) into, say, 

Then E(E~/Z, z) = o h(x, z ;  8) , and with the distributional 
2 

information under (8), it follows that 

where p = o12/cf2: see Johnson and Kotz (1972, p. 112). 

In view of (13), the expectation of (8) conditional on - x and z is 

Since this is a conditional expectation function relating observable variables, 

its parameters, namely El, a, p, and 2, are consistently estimable by nonlinear 

least squares. We have thus established a method of obtaining an unbiased, 



or, to be precise, a consistent estimate of the treatment effect in our 

specification of the evaluation model. In doing so, we have simply restated 

the arguments in Heckman (1976) and Maddala and Lee (1976). 

To estimate (14) in practice, a two-step procedure may be used. First, 

estimate - 0 by maximum-likelihood probit analysis of z on - x, and insert those 
A A 

estimates - 0 in place of - 0 in (12) to calculate h = h(x, z; g) at each obser- 
vation. Second, estimate g1, a, and p by linear least squares regression of 

P, 

y on 5, z, and h. This too provides consistent estimates. 

A main theme in the evaluation research literature on selection bias 

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

of a, the treatment effect. But in the present formulation the precise 

source of the bias is apparent, namely omission of the h(5, Z; 8) variable 

in (14). Once this term is included, least-squares regression gives a proper 

estimate of a. We observe from (14) that linear regression of - x and z alone 

would give an unbiased estimate of a in the special case y = 0, that is 

o = 0, that is C(w, t I l l )  = 0 or, equivalently, C(w, =Ix) = 0. This verifies 12 

the results discussed informally in sections 2 concerning the absence of bias 

when assignment is purely random, or purely on the basis of the observable 

covariates. 10 

A still simpler approach is also available. With the aid of (9) and 

(12) we recognize that conditional on 5, h(x, z; 8) is a constant times 

z - ~(zl~), so that 

Applying the iterated expectation rule to (14) then gives 



= E ( E ( ~ ] ~ ,  z ) )  = 8 ' ~  + a ~ ( z l ~ )  = 2 ; ~  + a F ( o ' x ) *  
-1- - - 

Indeed, (16) can be obtained d i r e c t l y  from (8):  s e e  Maddala and Lee (1976, 

p. 528) and thus  holds without assuming normali ty  f o r  E Now (16) is 
0 ' 

a l s o  a  cond i t i ona l  expec ta t ion  func t ion  r e l a t i n g  observable v a r i a b l e s ,  so  

i t s  parameters,  23, a ,  and - 8 a r e  c o n s i s t e n t l y  est imated by nonl inear  l e a s t  

squares .  I n  p r a c t i c e  a two-step procedure aay be used: F i r s t ,  e s t ima te  

8 by maximum-likelihood p rob i t  a n a l y s i s  of z  on x ,  and i n s e r t  those  e s t i m a t e s  - - 
h 

i n  place of 8  t o  c a l c u l a t e  2 = F(8'x) - - a t  each observa t ion .  Second, e s t ima te  

8 and a by l i n e a r  l e a s t  squares  r eg re s s ion  of y  on x and 2. From t h i s  -1 - 

perspec t ive ,  l i n e a r  r eg re s s ion  of y  on - x and z  produces b iased  e s t i m a t e s  of 

a because the  v a r i a b l e  z  has  not  been purged of i ts  endogeneity.  

For more formal d i scuss ion  of these  and a l t e r n a t i v e  e s t ima t ion  procedures ,  

s ee  a l s o  Takeshi Amemiya (1978), Heckman (1978) and Lee (1979). 

We b e l i e v e  t h a t  t h i s  s t ra ight forward  a p p l i c a t i o n  of t h e  Heckman- 

Maddala-Lee approach r e so lves  i n  p r i n c i p l e  t h e  problem of s e l e c t i v i t y  b i a s  

a s  i t  a rose  i n  eva lua t ion  research .  Having reached t h a t  po in t ,  we must 

i n d i c a t e  t h a t  a  number of s e r i o u s  problems r e q u i r e  a t t e n t i o n  a ~ ~ o n g  which 

a r e  t h e  fol lowing:  

( i )  Choice among a l t e r n a t i v e  c o n s i s t e n t  e s t ima t ion  procedures.  

( i i )  High degree of c o l l i n e a r i t y  i n  t h e  second-step r eg re s s ions .  

( i i i )  Robustness of es t imators  t o  non-normality of d i s turbances :  s e e  

Crawford (1979) . 
( i v )  Mis spec i f i ca t ion  of o r i g i n a l  model, i n  which case  t h e  nonl inear  

terms h(x, z ;  8 )  and F(8 'x)  - - may be proxying f o r  omitted v a r i a b l e s  and/or  

n o n l i n e a r i t i e s .  

(v) Mul t ip le  s e l e c t i o n  r u l e s :  s e e  Waldman (1979). 



This listing includes both conceptual problems--particularly (v), 

(iv) , and possibly (iii)--and problems of implementation--mainly (i) , 

(ti, and ( t i .  We are not able at this time to assess the frequency 

or seriousness of these problems, so the list will have to stand by 

itself as a rather stark agenda for future analysis. 



NOTES 

'TWO e a r l y  i n f l u e n t i a l  books i n  t h i s  t r a d i t i o n  a r e  Roland N.  McKean, 
E f f i c i e n c y  i n  government through. systems a n a l y s i s  (New York: John F!iley, 
1958) ,  and O t to  Ecks t e in ,  Water r e s o u r c e s  development:  The economics of 
~ r o j e c t  e v a l u a t i o n  (Cambridge, Mass.: Harvard U n i v e r s i t y  P r e s s ,  1958).  

L E. L .  S t ruen ing ,  and Marcia Gut ten tag ,  eds . ,  Handbook of e v a l u a t i o n  
r e sea r ch ,  2 v o l s . ,  ('Beverly H i l l s ,  C a l i f . ,  1975, Sage P u b l i c a t i o n s ) .  
These volumes w i l l  b e  c i t e d  as HER I and Her 11. 

3 
See t h e  appendix. 

4 ~ e d e r a l  program eva lua t i on ,  a  d i r e c t o r y  f o r  t h e  Congress,  by t h e  
U.S. General  Accounting O f f i c e  (Washington, D.C.: GPO, 1976) .  No 
in format ion  i s  g iven  on t h e  c o s t  of t h e s e  e v a l u a t i o n s .  Perhaps a  
conse rva t i ve  e s t i m a t e  of t h e  average c o s t  o f  an e v a l u a t i o n  s t udy  i s  
$50,000. T h i s  i m p l i e s  t h a t  $85 m i l l i o n  w a s  spen t  i n  t h e  1973-75 per iod .  

5 ~ o w e v e r ,  cons ide r  t h e  fo l lowing  s ta tement  by t h e  economist A l i ce  
R iv l i n  (1971, pp. 111-112) : 

A v a l i d  experiment r e q u i r e s  t h a t  i n d i v i d u a l s  b e  
ass igned  t o  t rea tment  o r  c o n t r o l  groups by a  random 
s e l e c t i o n  process .  Chance must e n t e r .  A govern- 
ment o f f i c i a l  may f i n d  i t  f a r  more d i f f i c u l t  t o  
e x p l a i n  t o  t h e  pub l i c  t h a t  he  is  a l l o c a t i n g  a  s c a r c e  
r e sou rce  on t h e  b a s i s  of chance t han  t o  defend some 
o t h e r  s e l e c t i o n  c r i t e r i o n  such a s  need o r  m e r i t  o r  
" f i r s t  come, f i r s t  serve." But i f  such c r i t e r i a  
a r e  used ,  t h o s e  n o t  s e l e c t e d  cannot  v a l i d l y  be  com- 
pared w i th  t h e  t rea tment  group t o  e s t a b l i s h  t h e  
e f f e c t i v e n e s s  o f  t h e  t r e a tmen t ,  because t h e  two 
groups may d i f f e r  i n  impor tan t  ways. 

6 ~ a m p b e l l  (1969) i s  r e p r i n t e d  i n  HER I, pp. 71-99. Campbell and 
Erlebacher  (1970) i s  r e p r i n t e d  i n  HER I, pp. 597-617. The quo t a t i on  i n  
t h e  t e x t  i s  on p. 615 of HER I. 

*campbell and Er lebacher  a l s o  r e f e r r e d  t o  t h e  f a c t  t h a t  t h e  a n a l y s t s  i n  
t h e  s tudy  be ing  c r i t i c i z e d  had a  more d i f f i c u l t  t ime f i n d i n g  t h e  "most 
disadvantagedv c h i l d r e n  among t h e  c o n t r o l  group (HER I, p. 607).  Th i s  

proves no th ing ,  however. The most disadvantaged c h i l d r e n  may be  more 
d i f f i c u l t  t o  r e c r u i t  g e n e r a l l y  f o r  e i t h e r  t rea tment  o r  c o n t r o l  groups.  
O r  t h e  most disadvantaged c o n t r o l  c h i l d r e n  who were found may have been 
lower on t r u e  a b i l i t y  than  t h e  t rea tment  c h i l d r e n  of t h e  same measured 
s t a t u s .  



'AC t u a l l y ,  t h e i r  model was more e l a b o r a t e  than our  two-equat ion  
r e c u r s i v e  r e p r e s e n t a t i o n  a s  they allowed f o r  f u l l  s imu l t ane i ty  between union 
( s e l e c t i o n )  s t a t u s  and wage r a t e s  (outcomes). Thus, they  requi red  a d d i t i o n a l  
i d e n t i f y i n g  r e s t r i c t i o n s  t o  e s t ima te  t h e  e f f e c t  of wage r a t e s  on union 
s t a t u s  and used t h e  r e s t r i c t i o n s  t h a t  an  indus t ry ' s  average educa t iona l  
l e v e l  and percentage of female employees a f f e c t  wage r a t e s  but  n o t  t h e  
ex t en t  of unionism. Clear ly ,  these  a r e  a l s o  debatab le  assumptions. 

'O~here  have been many r ecen t  a t tempts  i n  t h e  educa t iona l  psychology 
l i t e r a t u r e  a t  ana lyz ing  s e l e c t i v i t y  b i a s  i n  t h e  eva lua t ion  model. Among 
t h e s e  a r e  Cronbach e t  a l .  (19771, Kenny (1975), Linn and Werts (1977), Overa l l  
and Woodward (19771, P o r t e r  and Chibucos (1975), Rubin (19741, Weisberg 
(1978). It now appears  t o  u s  t h a t  t hese  a t tempts  a l l  r a n  a s t r a y  p r e c i s e l y  
because they focus  on t h e  l i n e a r  r eg re s s ion  (or  ANCOVA) of y on x,  z, 
a s  indeed w e  d i d  i n  our  e a r l i e r  papers:  Goldberger (1972), ~ a r n o w  (1973), 
Cain (1975). Our use  of  t h e  t - v a r i a b l e  i n  t h e  present  formula t ion  was 
s t imula ted  by some ideas  i n  Cronbach, et a l .  (1977) and Weisberg (1978). 
It is worth not ing  t h a t  t he  present  approach r e q u i r e s  no ex a n t e  s p e c i f i -  
c a t i o n  of t h e  d i r e c t i o n  of selection--"creaming1' vs. "scraping". The 
d i r e c t i o n  can be i n f e r r e d  ex pos t  from the  s i g n s  of t h e  c o e f f i c i e n t s .  
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