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THE UNIVERSITY OF CHICAGO
DEPARTMENT OF ECONOMICS

1126 EAST SOTH STREET
CHICAGO » ILLINQIS 60637

E:S;Jécl;llul:z Brokecsr Fax Numssi (312) 7028490

June 22, 1992

Professor Alan Krueger
Industrial Relations Section
Princeton University

Fax # 609-258-2907

Dear Alan,

The weight of the evidence aud the intuition supports the notion that the person reporting one
variable erroneously errs in the same direction on other variables of the same type he reports i.e, there
is positive correlation across measurement errors for the same person that is more highly correlated than
the measurement errors across persons. This neatly explains your Table 3 results and orders most of your
other numbers (with minor exceptions that I note). Thus your final estimates (fixed effect i.v. or method
of moments) are large and probably biased upward, and substantially s0 since twin’s schooling is so

highly corr¢lated.
Invoke exchangeability of twins. Then let
Y, =yS+ U, /’YJ*"L%.E
Y,=vyS$+0, )//:[;"/4-3_/5/
S,=S +¢ 4 =
S,=5,+¢ 5/= S"/+L%,/
=548 = Y o,
5,=5+¢ S = s+ + U
F, = +' e'F (Father) 70 = f\“’ -+ 2‘;&

M, =M + ¢ (Mother) W o= plt Y
. 2 P R d
hig =M + éM w“l oo V ¥ "l‘ -'{,‘}

TerzeHONE: (312) 7020634
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Assume each right hand side disturbance conditionally independent of right hand side "variable”. Recall

that the superscript records the reporter; subscript the reported variable, If measurement error is more

alike for the reporter than across reporters (Cov (e: ,e;) > Cov (e;‘i ,e: ), j # i, with the roles of x and

y interchangeable), then (numbers below are correlations which should obey the same ordering under

exchangeability as covariates and are given in Table 2).
f

(*) Failure
(*) Failure

(allowing for
measurement error
in income)

o

pef*

~

(*) Failure

Cov (g[ F) > Cov (8}, F)
(416)" 361"

Cov (8, F) > Cov (8], F) /

v
3457 (266)

|
Cov (§] F,) < Cov (8, F)

(389)7 (320
Cov (8, F) < Cov (87, F)
(357)Y (278)"
Cov (Y, ) = Cov (Y, F))
ass’ sey
Cov (Y;, F) = Cov (Y,, Fy)
0o’ (.088)
Cov (S,, M) > Cov (S}, M)
(410)” (392
2
Cov (S, M) > Cov (5], M)
y I
(.348) (.343)/
Cov (Sz" M,) < Cov (8., M)
/
(3377 (.322)
) 2
Cov (S, M) < Cov (5], M)

(. 716), ('321)
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(316) (.321)

Assuming the error variance levels are equal for both brothers (but may differ across variables) we can
use correlations and hence Table 2, 1 print numbers in parenthesis above. Except for the third and fourth
TOWS, (tﬁe father’s education and son’s education), these correlations support my view. It would be better
if you checked the covariances. Your tables are not detailed enough,

For fraternal twins the numbers are (in the format listed above)

407 > 357
332 > 408
253 < 230
259 < 392
019 > .025
-.107 > .028
244 > 224
025 > 127
180 < 109
.180 < .216.

Using covariances and appropriate std. errors, one could test jointly for this hypothesis. One sided
inequality tests would be appropriate.
If true it implies that in random samples,

plim 45 < plim%,  (Fory > 0)

Proof: *
Y= go = U,

1 )
Y’_:ysl +U|'7€1

R
oL "
U . -
5 V(S™) + V(eD
where "V" denotes variance. V(e,) = V(e,) by exchangeability.
Wi ..~ iy Cov(Y,,S))
plim 4, = _—
g Cov(S!,SH
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By hypothesis Cov Ve, ',c;) < V(e:)j;t}f(e: .€)) = Cov (A) where "A" denotes acToss brothers for future
use). Thus
plim yos < plim v,
In fact, the latter is consistent if a similar argument holds good for the fixed effects estimator. Thus
plim i, < plim 4y, , (assume vy > 0).

Proof:

I
b ' 7(3: -85+ U0, -0,
: !
Thus : ' 31
c s pn i T L i
"Y(sl'sg)"’(u\ "Ug)"Y(fx"fZ) WAJ :
i VS - p) V(S*)
It - - . /
L B ’[V(s')(l — P + Vioa - pg} S e L
i ! ) 1 -p
where ¢ ‘ I:Q ' f '
= 1 2 % 3 [}100 ' { "y
P, - _E.o__v(.c..‘.’i?ﬁ (correlation irherrors across brothers)
Ve V&) ' '
and V(e:) = V(e:) = V(e) by exchangeability and p = Correl (S:,S:.).

Provided p > Dy
RS Fos (assumey > 0)
If p, is sufficiently big relative to p, can reverse. Thus if measurement error more correlated across twins

than their schooling, the ordering is reversed. From Table 3 that does not appear 0 be the case.
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Then, we notice using (s’1 - S’) as i.v above

L ,
\
2 _ ¢! = ! '\}43 \
an’?;,,., = an COV(S‘ SQ’Y" YZ) , \ f , ‘\
: CoAS: - 5.5 - 5D ; 2 o |
L |
| hioh s
_ v(s*) L vz
V(s.) 2 Cov(4) - Cov(W) \". 6/2/ M
1-» %
\ é'\/ '

where Cov(A) = Cov("Across Brothers") = Covle, ;) = Cov(f;ﬂ:) by excbaEea%ﬂTfy o
Cov(W) = Cov(Within) = Cov(e;,e: )= Cov(::: ,Q:) by exchangeability.
As long as reporting errors aré more correlated for errors made b} the same person than for errors made
by the same person than for errors made by different people
Cov(A) < Cov(W)
and
plim ;fe.iv > plim ;u
Also observe that the higher p (the mor¢ correlated is true schooling across twins), the more pronounced

this effect. This is comsistent with Table 3.

Your Table 3 shows that

’;oxs < ;fe < Yo < Yriv
(The iv is not quite clear because brother’s education enters some results in Table 3 - | have the correct
expression for this case if you wish.)
The first inequality on the left is just a consequence of measurement error. The final inequality
is a consequence of Cov(A) < Cov(W). The middle inequality implies that
Le. Cov(W) > p Cov(A)

which is just an implication of the hypothesis “tested” at the beginning of this letter. Similar remarks

5



COV(4) - COV(W)
1-p

avia) >

apply to your method of moments estimator.

1 didn’t have time to develop this argument at the conference partly because I left my notes and
scratch paper in my car when I rushed into the conference at the last minute.

Please confirm the hypothesis with covariances. Formal tests would be interesting. I see limle
support for your version Cov(A) > Cov(W).

Addition mments

(1) Tests of the various coefficient estimates would be useful. See Durbin (1954) for details,

(2) The paper seems inconsistent, You test for family background bias usiag Chamberlain’s
matrix assuming no measurement error. It is not a correct test if there is measurement €rror - @ major
claim of your paper.

(3) If, in fact, there are no family background effects, ;N is more efficient than ‘;:.,:.v and the
estimated growth in returns to schooling is not so great.

(4) You never establish why MZ twins, or even twins, are needed. Given that you impose a
common family effects structure, they are not. Even MZ twins have some freedom in schooling and
income choices,

I have the expressions for the more complicated multivariate versions of these comparisons. Still,

the discussion I give above is simpler and captures all of the essential ideas.




s Orley Ashenfelter =
_ Art Goldberger (Wisconsin)
Waltpr Oi (Rochester)
Tom MaCurdy (Stanford)
Derek Neal  (Chicago)

,njoyed the chance to chat with you and to read your paper.

Sincerely,

James J. Heckman



26 June 1992

TO: Jim Heckman, Alan Krueger
FROM =#Art-Goldberger -
RE: Twinsburg

Because the labelling of co-twins as 1 and 2 is arbitrary, I think
that a symmetric treatment is required. This can be accomplished by using
between-within components of variance and covariance. In the interim, we
can average the correlations in Alan’s Table 2 that correspond to the same
population moment. (I do that below, after introducing a notation scheme).
After all, the means and standard deviations in Alan's Table 1 are in
effect averaged across 1l's and 2's.

I like Jim's idea of introducing correlated errors to account for
patterns in the empirical results. But many of the comparisons on page 3 of
his fax concern arbitrarily labelled items, and hence are probably not
informative. Also Jinlgy§ overlooks the Y,M correlations.

There are some typos on Jim's page 3 (and ®me on page 6) in which the
role of sups and subs is reversed. I've highlighted those on the attached
sheets. Also there seem to be some lines missing in the middle of page 5.
The other scribbling on the attached pages are notes to myself.

Digression: Do you know that MZ's have been introduced into the
presidential campaign? In Wednesday's news conference, Perot was
discussing free trade agreements. He said something like "Suppose that
you are a businessman planning a new factory in Texas. Your identical
twin is considering opening a similar factory in Mexico, where wages

and environmental regulations are weaker ... ".
My néﬁ;tion écgeﬁe: For én individual,
m* —-mofhef'svtrue education, f* = father's true education,
s* = own true eduéation, t* = sib’s true education,
m = reported mothér's education, £ = reported father's education,
s = reported own education, t = reported sib’s education,
y = reported own logwage.
For the sib of the individual, primes are attached to each of those
symbols. Because they have the same parents, m*' = m* and f*’' = f*. And

because "sib" is reflexive (if that's the right word), t* = s*' (and

t*! = S*).
\



The model is

Individual Sib

m= ot +u, n = o*  w’

£= % £ =B

8= 8% U, B = g o’

t= t*¥ +u, £ o= R eyt

y =5 8% & uy y' =4 8% $u'’
-- with t* = s*’ (and t*' = s*). All starred variables are uncorrelated
with all disturbances. But correlations among disturbances -- those within

individual (same as those within sib) and those of individual crossed with
sib -- are open for discussion.

Because of the inherent symmetry, population variances and
covariances are invariant to joint switching of no-prime and prime. For
examples,

%11 = Vi, ) = ¥u, ) =0y
0119 = Eluy " 00 = Tlu, ouy") =09,
om = V(m = V(m') g
o F = C(m,f") =C(m',f) ==am,f

So correlations have the same invariance.

With that in mind, I display the empirical correlation matrices (for
identical twins) obtained by averaging those items in Alan'’'s Table 2 which
differed only because of the arbitrary labelling of 1 and 2. The display
has the format I used on p. 314 in Kinometrics and in "Heritability"
(Economica, Nov 1979). The numbers should ’pretty much the same as those
you'll get for correlations after manova on the original data. If memory
serves, you can get the same results directly by double-entry correlations
(in which each person appears twice, once as a 1 and once as a 2).

e
v

SELF CROSS
m f s t y m’ £’ s’ t’ y'
AP
m 1 .597 (335 .366 .094 .837 .574 .354 .340 .107
f 1 <332 . 347 123 .857 .359 .328 .124
s 1 .698 .327 .658 .898 .218
t 1 .194 .643 ;371
y 1 .563 &
Note: Both matrices are symmetric, so lower portions are omitted. Zg—i;

Jim’s suggestion is that the disturbances are more correlated within
individuals than across them. For example, if 919 > Oygr o then

amf > amf'



Turning to the estimation of B i 5 ol | understand it, Jinm Proposes
various conditions op disturbance Correlations in evaluacing the
(probability limits of) the varions estimators:

OLs asy/ass He takes U3 =10,
Iv ot’y/at’s He takesg 04,5 =0, but allows Cov(A) ==a3,4 = 0,
FE aAsAy/aAsAs He tokee 035 =0 and 03,5 =0, but allows
03,3 # 0,
IVFE aAtAy/oAtAs He takeg 045 =0 and 04,5 =0, but allows

Cov(w) ==a34 # 0, and Cov(a) =,

It's not clear to pe What this hag to do with the "hypothesis tested" at
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THE UNIVERSITY OF CHICAGO

DEPARTMENT OF ECONOMICS

1126 EAST 59TH STREET
CHICAGO « ILLINOIS 60637

Janas ). Hacxman Terserons: (312) 702-0634
]sduh: Professor Fax Numper: (312) 702-8490

July 1, 1992

To: Alan Krueger and Art Goldberger,

‘ The enclosed revision of rhy 6/22 letter fixes up a few typos and expands the argument. I am
innocent of Art’s charge that 1 ignore exchangesbility (better - interchangeability). I just took the
Ashenfelter-Krueger notation and used it in a gorrect interchangeable way.

Thére were a few typos but rmost‘are ;yms (see that the correct numbers are at the base of
mistyped symbols). One section of text at the end got deleted.

1 expand the argument about the ordering founding in A-K. It is consistent with my evidence
(which is not subject to labelling bias as Art claims) that measurement error is more correlated across
readings on the same person that across persons. The evidence is also gonsistent with the claim that
variance of measurement error is greater for reports made about another person than about oneself.

Any reactions?

Best wishes to you both.

Jﬁ&s J. Heckman

P.S. I just got Orley’s fax. I disagres that what I have written is nitpicking. Since the evidence supports
the iv estimator, it suggests only a 20-25% bias in returns to schooling - not 100% or mor¢ as you report.
Don’t miss the forest for the ecosystem!
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Professor Alan Krueger
Industrial Relations Section
Princeton University

Fax # 609-258-2907

Dear Alan,

The weight of the evidence and the intuition supports the notion that the person reporting one
variable erronsously errs in the same direction on other variables of the same type he reports i.e. there
is positive correlation across measurement efTors for the same person that is more highly correlated than
the measurement errcrs across pecsons. There is also indirect evidence that the error variance for reported
own variables exceeds that of own reported sib variables, These observations explain your Table 3 results
and orders most of your other numbers (with minor exceptions that T note). Thus your final estimates
(fixed effect i.v. or method of moments) are large and probably biased upward, and substantially so since
twin's schooling is so highly correlated.

Invoke exchangeability of twins, Then use your notational (respecting the arbitrariness of the
labelling but recognizing that we are dealing with different persons in 2 twin pair).

Y= 7ST + Uy
Y, =7-S:+ U,
i - 1
S, = Sz+:’e2

2 - :2
Sz-Sz+ €,

3 . » 2

S =8 +e¢

1 L 1
Sl=Sl+el

F, =F +¢ (Fathen)
F, = F -

M, =M’ + ¢, (Mother)

2
Mz =h'f +€M
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_“Assume each right hand side disturbance is mean zero 2nd conditionally independent of all right hand side
"variables" (within and across equations). Recall that the superscript records the reporter; subscript the
reported variable. If measurement error is more alike for the reporter than across reporters (Cov (e:,

5: ) > Cov (e:,g:, j # i), with the roles of x and y interchangeable), then (numbers below the inequalities
are correlations which should obey the same ordering under exchangeability as the covariates and are

given in Table 2): (Failure denoted by *)

Cov (5., Fy) > Cov (5}, F)
(.416) (.361)

Cov (5., Fy) > Cov (8], F)

(.345) (.266)
(*) [Failure) Cov (5., F < Cov (S}, F)
(.389) (.320)
(*) Failure Cov (8!, Ep < Cov (8], )
| L (357) (.278)

(allowing for Cov (Y,, F) = Cov (Y,, F)

measurement €rror

in income) (.155) (.159)
Cov (Y, F2) > Cov (Y., F)
(.091) (.088)

(*) Failure Cov (Y,, M)) = Cov (Y,, M)
(.102) (.126)

Cov (¥, My = Cov (¥, M)
(.087) (.088)



Cov (S, M) > Cov (5], M)

(410) (.392)

Cov (S, M) > Cov (8], M)

(-348) (.343)
(¥) Failure Cov (8., M) < Cov (S}, M)
(.337) (:322)

Cov (S, M) < Cov (S, My)
(.316) (.321)
Assuming the error variance levels are equal for both brothers (but may differ across variables) we can
use correlations and hence Table 2. I print numbers in parenthesis above. Except for the third and fourth
rows, (the father’s education and son's education), these correlations support my view. It would be better
if you checked the covariances. Your tables are not detailed enough.
Exploiting the interchangeability of twins, we may write (using w as 3 weight)
w Cov(S), F) + (1 - w) Cov(S], F)
> w Cow(S], F) + (1-w)Cov(s, F)

(347) > (358

w Cov(S, F) + (1-w) Cov(S, Fy)
> w Cov(Slz, F) +(1-w) Cov(S;. F,)
(333) > (.327)

w Cov(Y,, F)) + (1 - w) Cov(Y,, F) 2 w Cov(Y,, F)) + (1 - w) Cov(Y,, F)
(.123) =2 (.123)

w Cov(Y,, M,) + (1 - w) Cov(Y,, M) 2 w Cov(Y;, M) + (1 -w) Cov(Y,, M,)

(.0945) = (.107)




W Cov(S:, M) +(1-w) Cov(S;", M)

> w Cov(S’, M) + (1-w) Cov(S, M)
(.3655) > (.354)
w Cov(S), M) + (1-w) Cov(S:,- M)
> wCov(S), M) + (1-w) Cov(S;, M)
£353) > (.340)
using w = % produces numbers in parentheses. The agreement using exchangeable pairs seems closer.
For fraternal twins the numbers are (in the formar listed above)

407 > .357
332 > 408
253 < 230
259 < 392
019 > 025
-.107 > .028
244 > 224
{025 > =127
180 < 109
.180 < .216.

-

Using covariances and appropriate std. errors, one could test jointly for this hypothesis. One sided
inequaﬁty tests would be appropriate. Better, one sided multiple comparisons considering all inequalities
as a set.

If the hypothesis is true it implies that in random samples of twins,

plim y, < plz'm Y - Fory >N

Proof: .
Y,=vS§ +U

 § '
Y,=v8 +U-ve



s V(S*)
! S A
g 7“‘.‘?? 7[ V(S*) + V(ei):l

where “V*" denotes variance. V(e IL) = V(e,) by exchangeability. Note that I follow your logic throughout
and assume that U, is a structural disturbance (i.e. I assume no measurement error in Y or else I assume

that the measurement error in Y is always uncorrelated with all other measurement errors).

Con(Y,,$})

plim %,, = plim ——
g Cov(S!,5%)

V(i§™)
V(i§*) + Cov(e’,,e'f)

By hypothesis Cov V(e:,e;) < V(e:). Let Cov(e:,ef) = Cov (A) where "A" denotes across brothers for
future use). Thus A

plim 7o < plim 7,
In fact, the latter is consistent if Cov(e:,e:) = 0. A similar argument holds good for the fixed effects

estimator. Thus
 plim §, < plim 4, (assume v > 0).

Proof:

Y-Y, = 1S -8+ U, - U,

- (8 - 85 + (U, -Uy) - ¥ - &)

plim §, = v

VSTl - p) -y it
VS - ) + VO - ») V") + U 2

1~-p
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- _ U= UNUML CD F.B 1]

| Cov(er,e)
e MO VT

(correlarion in errors across brothers)

and V(el’) = V(e:) = V(e) by exchangeability and p = Correl (S:,S:).
Provided p > p,,
¥. < -)?ou (assume y > Q)
If p, is sufficiently big relative to p, this inequality can reverse. Thus if measurement error is more
correlated across twins than their schooling, the ordering is reversed. From Table 3 that does not appear
W be the case.
Then, we notice using (52l - S‘_) as i.v above

Cou(S; - 8,.Y, - )

plimy,, . ~ plim
S Cou(S? - 55.5! - §3)

e ViS*)
e

where Cov(A) = Cov("Across Brothers™) = Cov(sf,e:) = Cov(e;,e:) by exchangeability
CoviW) = Cov(Within) = Cov(e:,e:) = Cov(e:,e:_) by exchangeability.
As long as reporting errors are more correlated for errors made by the same person than for errors made
by the same person than fér errors made by different people
Cov(A) < Cov(W)
and
plim ;f.,-.. > plim :m
Also observe that the higher g (the more correlated is true schocting across twins), the more pronounced

6
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Your Table 3 shows that

-

;ox,s < ;:. < :Yu < Vi

(The iv is not quite clear because brother’s education enters some results in Table 3 - I kave the correct
expression for this case if you wish.)

The first inequality on the left is consistent with p, > p. The final inequality is a3 consequence
of Cov(A) < Cov(W) since the final equality implies that
ie. : Cov(W) > p Cov(A)
which is just an implication of the hypothesis "tested” at the beginning of this Jetter (within error
covariances exceed between where within and between are within and between brothers).

The middle inequality (o < %) implies that

V(e:) = V(e:) > Cov(e:,e:) + (1-p) Cov(e:.ell)
= Cov(e:,e:) + (-0 Cov(e:,e:) i

In the extreme case where e: = e: (person 2 makes exactly the same errors about his own schooling and
the other sibs) or e: = e;, the middle inequality implies that

V(e) = V(&) > Covley.e) @ - 0)

1> p2-0)
so we have an upper bound on p, i.e. the more highly corelated true schooling, the more correlated can
cross-brother errors be.
In the more general case, it seems plausible that Cov(e:,e;) < Cov(e:.e:) because, in addition
1o the differences in response error across brothers, the target being aimed at is "different™ ie thereis

frash noise, in the covariance on the left and this creates the poss ibility of less dependence. This pattarn,

of course is not "tested” above but is consistent with the “evidence".



P
r Then
1>p+ (-poa
where Pa = Cov(e;,e:') ! Var(e;')
(the latter is meaningful only if Var(e:) = Var(c;) = Var(e:) = Var(e:)). More plausibly, Va:(e:) >

Var(e') in which case we write

" Cove, €
Ps =
{Var(é), Var(e,)

0 the inequality becomes

T e {Var(ez)] .
Var (&)

Thus the more highly correlated is true schooling (higher p), the more correlated can the measurement

errors be.

Moreover since we found that p, > p seemed to describe one sét of facts,

1-p, : lVar (eai)]m

1 D e 2 Py
1-p Ver (e

Thus Va:(e:) can be greater than Var(e:) but not more than

n
1
Pi

greatar (in proportion).

The evidence seems to be consistent with this form of measurement error: (a) people are less

accurate about others than themselves (Var(e:) = Var(cf) > Var(e,') = Var(e:)) and (b) mistakes are

more corralated across the same pezson than across persons. The evidence in the front of this letter seems
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consistent with (b).
I didn’t have time to develop this argument at the conference partly because I left my notes and
scratch paper in my car when I rushed into the ¢onference at the last minute.
Please confirm the hypothesis with covariances. Formal tests would be interesting. I see linle
support for your version Cov(A) > Cov(W).
Additional Comments
(1) Tests of the various coefficient estimates would be useful. See Durbin (1954) for details.
(2) The paper seems inconsistent. You test for family background bias using Chamberlain’s «
matrix 28suming no measurement error. It is not a correct test if there is measurement error - a major
claim of your paper.
(3) If, in fact, there are no family background effects, ;k is more efficient than ‘;fn,'w and the
estimated increase in the returns to schooling is not so great when the ordinary i.v. estimator is used.
{4) You never establish why MZ twins, or even twins, are needed, Given that you impose a
common family effects structure, they are not. Even MZ twins have some freedom in schooling and
income choices.
- Thave the expressions for the more complicated multivariate versions of these comparisons. Still,
the discussion I give above is simpler and captures all of the essential jdeas.
I'enjoyed the chance to chat with you and to read your paper.
Sincerely,

-

James J. Heckman

cc: Orley Ashenfelter
Ant Goldberger (Wisconsin)
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Princeton University  Industrial Relations Section
Firestone Library
Princeton, New Jersey 08544-2098
(609) 258-4041 Office
(609) 258-4936 Library
(609) 258-2907 Fax

July 2, 1992 \L
To: Art Goldberger T

From: Orley Ashenfelter

Subject: The paper blitz

Since you have became a part of the daisy chain, and Jim Heckman’s recent
letter and revised letter, it seems to me you should see the FAX we sent
Jim yesterday.

I think this is strictly a tempest in a teapot, but Jim cbviously doesn’t
agree. Is this an exanple of econametrician’s testostercne problems?

Director: Orley Ashenfelter, Librarian: Kevin P. Barry, Adm. Assistant: Barbara Radvany,
Associates: David Card, Henry S. Farber, Alan Krueger, Thomas Lemieux, Richard A. Lester,
Craig A. Olson, Carol Rapaport, Albert Rees, Harvey S. Rosen '



Princeton UniVCI‘Sit}' Industrial Relations Section
Firestone Library
Princeton, New Jersey 08544-2098
(609) 258-4041 Office
(609) 258-4936 Library

July 1, 1992 (609) 258-2907 Fax
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Professor James Heckman
of Economics

University of Chicago

Chicago, IL 60657

FAX 312-702-8490
Dear Jim:

ManytharﬂcsforyalrFAXowamezzrﬁardthedetailedcmmentsmalr
paperusingdataontwinstomeasuretheretumstosdmooling.

As usual, you have pointed out an entire class of additional models that
might be applied to our problem in view of the unique data set we have
collected. We think it is worth doing same further analysis along these
lines, but it is pretty clear from the magnitudes of the discrepancies from
the classical measurement error model that you have cbserved that none of
the basic conclusions of our paper will be altered.

Just to make sure that we do not lose sight of the forest for the trees,
let us reiterate our two main conclusions: (1) The within-twin slope of
therelationshipbetweenwageratesandschoolingisno smaller, and may be
larger, than the cross-sectional slope. (This is not what we expected nor
what exists in the literature.) (2) There does seem to be evidence of
measurement error in schooling levels that almost certainly biases downward
the estimated schooling coefficient (although, as you point out, one can
argue about the magnitude of the bias.)

It is interesting that your reaction to the correlations in Table 3 led you
to think of an alternmative to the classical measurement error model. As we
pointed out in the paper, we also found it fascinating that the classical
measurement error model has many implications beyond those normally
emphasized and that these are testable when encuch data are available.
Frankly, our reaction to Table 3 was different than yours: We were
surprisedathowaccuratetheclassicalmdelseemedtobebasedcm.our
meyeball tests"! For example, as you note, there are many correlations
thatshmldallbeequalmﬁerﬂmeclassimlmdel—-nanyofwhidiyw
report in your letter. Unlike you, we were impressed by neyeball" tests of
how close many of these correlations seemed to be to each other, and we
stated as much in the paper. (Indeed, even your hypothesis of person”
specific measurement error orders the correlations correctly in only 7 of
the 10 comparisons for identical twins, and it does less—4 out of 10
conparisons—well for fraternals.) Frankly, we think it would make sense
toset:out:ac:cmtpletemoc’ielofm.easurve:me.nter::worandtsaﬁt‘c’md g
relevant parameters, but we also think this should probablybem, ,
separate paper. :

Director: Orley Ashenfelter, Librarian: Kevin P. Barry, Adm. Agsistant: Barbara Radvany,
Associates: David Card, Henry S. Farber, Alan Krueger, Thomas Lemieux, Richard A-‘
Craig A. Olson, Carol Rapaport, Albert Rees, Harvey S. Rosen



Incidentally, we intend to interview again in Twinsburg this August, and
this will no doubt provide us with some re-interview data on the same
twins. This will enrich the class of measurement error models that it is
feasible to estimate by quite a bit. Want to came along and do same
interviewing? (We already have the local restaurant scene cased out and we
will bring the wine!)

Sincerely,
Orley Ashenfelter Alan Krueger
cc: Art Goldberger

Walter Oi

Tom MaCurdy

Derek Neal
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Professor James Heckman
o ) of Econcmics
University of Chicago

Chicago, IL 60637

Maryy tharks for the revised FAX, especially with the revised calculations
onps 3.. -

It seeams tohé that you have now shown conclusively that, at least with
respect to the altarnmative you suggest, the clasaical measurement €xTor
model cammot be rejected in our data.

Byavezagirgtheéofrelatiastop the mumbers on p. 3—4 of your

legtterywprea.mblyredwemise, and now the results strangly suggest
: WWW 'mepairsofmnﬂoemthats}mldbeequal,

.347 smouldha equal to .358
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366 " " .354

’ Frankly,'we are indebted to you for setting an alternative—and
especially for ehowing that the

Sincerely,

Orley Ashenfelter
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