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ABSTRACT

Ashenfelter and Krueger's (1993) within-twin, measurement-error-corrected estimate of
the return to schooling is about 13-16 percent. If their estimate is unbiased, then their results
imply considerable downward measurement error bias in uncorrected within-twin estimates of the
return to schooling, and considerable downward omitted ability bias in cross-section estimates.

This note points out that if there arc ability differences among twins, then AK's IV
estimator exacerbates the omitted ability bias in the within-twin estimate. Thus, upward omitted
ability bias in within-twin estimates may provide an alternative explanation of the surprisingly
high estimates of the retum to schooling that AK obtain, and permit their results to be reconciled

with upward, rather than downward omitted ability bias in cross-section estimates.
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1. Intreoduction

Within-twin estimates of the return to schooling hold out the promise of
eliminating omitted ability bias. Earlier studies using ldentlical twins
(e.g., Behrman, et al., 1980) find that the within-twin estimate of the return
to schooling is considerably lower than the cross-section estimate. However,
Griliches (1979} points out that downward bias attributable to random
measurement error in schooling may be exacerbated by differencing across
twins, and suggests that thls might explain the results of these earller
studies.

Ashenfelter and Krueger (1993, henceforth AK) propose correcting for this
measurement error, using schooling as reported by each twin’s slbling to
construct an instrumental variable for self-reported schooling.1 They report
two main findings from data they collected on a new twin sample including
self-reports and twin-reports of schooling. First, within-twin estimates of
the return to schooling without correcting for measurement error (bHT) are no
lower, and if anything are somewhat higher, than OLS cross-section estimates
(bLs). Second, the measurement-error-corrected, within-twin estimate of the
return to schoolling (va) is about 13-16 percent, as much as double bWT'
Their interpretation of the latter finding is that weasurement error in
schooling is seriously exacerbated in the within-twin estimate (bNT)'

Based on their findings, AK conclude that “the economic returns to
schooling may have been badly underestimated in the past" (p. 1). But this
underestimation cannot be attributed solely to measurement error in bHT' 1f

bIV is unbiased, then the IV estimates of the return to schooling in the range

1An earlier version of this paper circulated as NBER Working Paper No. 4143.



of 13-16 percent imply that existing cross-section estimates are biased
downward by omitted ability, perhaps by as much as 30-40 percent.

The purpose of this note is to offer an alternative interpretation of
AK's IV estimates of the return to schooling, under which thelr estimates may
be upward biased. Like AK’s work, this interpretation builds on Griliches’
(1979) argument that within-twin estimates do not necessarily eliminate
all sources of bias in estimates of the return to schooling. AK’s paper deals
with the potential exacerbation of measurement error bias ln within-twin
estimates. But Griliches also pointed out that, as long as “ability" is not
purely genetic, upward abllity bias may persist, and even be exacerbated, in
within-twin estimates.

The point that this note makes is that if there are ability differences
among twins, then AK’s IV estimator exacerbates the omitted abllity bias in
the within-twin estimate. Thus, upward omitted ability bias in within-twin
estimates may provide an alternative explanation of the surprisingly high
estimates of the return to schooling that AK obtain.

11. Ashe lter and Krueger's Approach and Results

The starting point is a model relating the log wage to a linear function

of schooling and unobserved ability,

(1} In(w)

BS + AA+ ¢ ,

1}

where plim(S-¢g) plim(A-€) = 0. The equation can be interpreted as the
regression of log wages on schooling and ablility after partialling out other
control variables. Assume for now that S is measured without error. Also
assume that A is correlated with S through the equation

(2) S=gyA+7 ,

where plim(n-€) = 0. =7 can be Interpreted as unmeasured "opportunities” for

schooling, including factors such as access to financing, as ln Becker’s



Woytinsky Lecture schooling model (1975). Then when the estimated model

excludes A, OLS estimates of 8 (bLs) are blased, as
2 2, 2 2
ASIGS 8 + AwoA /cs .

If A and 7y are positive, as has been assumed In much of the literature, then

(3) pllm(bLS] =B + Ac

bLS is upward blased.

If ability is identical across twins, then bHT

the return to schooling, since A drops out of the within-twin equation

1s an unblased estimate of

(4} Aln(w) = BAS + Ac
However, measurement error in schooling may also cause bUT to be less
» »
than bLS' If S is now measured schooling, S true schooling, and S =S + v

¥
with plim (S -v) = 0, then the differenced observed equation is

(5) Aln(w)

fl

BAS - BAv + Ac

in which case

2
av

where Pq is the correlation between reported schooling within twin palrs. As

— - - 2 - . - 2 2 —
(6) plim(bm.) =81 -¢o /0,c ] =80 °, /{as (1 ps)}l .

Griliches (1979) polnted out, as long as Pg > 0, bLS is less downward blased

than b because of measurement error, since

WT
oy L2, 2 2, 2 3
(7) plim(bLS) = 8-[1 v, /ws ] + 110A /cs .

AK’s innovation is to correct for measurement error in bwT by

instrumenting for AS with the difference between the schooling levels of each

2For expositional ease, this note sometimes uses the term blas to refer to
asymptotic blas or inconsistency. Alsc, variance and covariance terms refer
to population parameters, unless otherwlise noted.

3In general, when the equation estimated Includes other variables measured
without error, the attenuation bias (i.e., {1 - cvzloszll in equation (7)
becomes [1 - cvz/{osz(l-Rz)}]. where R2 is from the regression of the

error-ridden variable on the other variables {Griliches and Ringstad, 1971).



member of the twin palr, as reported by the other member. They assume that
this difference, AS’, also measures AS' with error,

(8) AS’ = AS. + &y,

with plim(AS'-Av') = 0, but also assume that plim(Av-Av’') = 0. In this case,

AS’ is a valld instrument for AS in equation (5), and b the IV estimator

v’
using this lnstrument, is a consistent estimator of 8.
In AK’s Table 3, bHT = .092 and bIV = ,167. On the other hand, for this
specification
- 2 2, _ 2
(9) plim(bwT/va) = {1 Tpv /0, ] = aAS'AS/cAS

. 2
AK' s data on own- and twin-repcrts of schooling yleld estimates of UAS’AS/vbs

(the reliability ratio of schooling differences) of elther .55 (2.158/3.902)
or .58 (2.158/3.691), very close to the actual ratio bNT/bIV of .55. Based on
these results, AK conclude that, conditional on the validity of their
instrument, measurement error imparts a considerable downward blias to bUT' and
suggest that the return te schooling is about 16 percent.

Of course, AK’s results imply that it is not just b . that is blased

WT

downward. Their results also imply that b the cross-section estimate of

]_.S,
the return to schooling, is blased downward because of omitted abllity. There

are two ways to see this. First, bLs in Table 3 is .084. Using AK's estimate

of .88 of the reliabllity ratio in schooling levels, and the fact that the Rz
from the regression of schooling levels on the other regressors in Table 3 is
.02, the attenuation blas in bLs is .,88. Thus, taking bIV as a consistent

estimate of B, the omitted ability bias in equation (7) is .084 - .88-.167 =

4
-.063. Second, if the only problem were measurement error that is

4
The implied downward bias is slightly larger (.070) using their higher
estimate of the reliability ratle of .92. Similar results are implied by
other specifications and estimators reported by AK. In Table 5 they report



exacerbated in b then we would expect to find bHT/bLS equal to the ratio of

WT’

the attenuation bias from measurement error in bHT to that in bLS' a ratlo

that is below one. In all of AK's estimates, though, the ratio bw to bLS

T
exceeds this predicted ratio, and in most of thelr estimates bWT/bLS exceeds

one. For example, in Table 3 bHT/bLS = 1.10, whereas the predicted ratio

based on the reliability ratios is .66. Again taking va as a consistent

estimate of 8. this implies ability blas of -.059 in bLS' Thus, considerable

downward ability bias in b _ is required to reconcile AK’s alternative

Ls
estimates of B8, and their estimates of the reliabllity ratios of schooling
levels and dlfferences.S

II1. Omitted Abjlity Bias ip Within-Twin Estimates

While downward omitted ability bias in c¢ross-section estimates of the

estimates adding to the wage equation additional variables that vary within

twin pairs, in which case bLS = ,094 and va = .179. In this case the lower

estimate of the attenuation bias in b is .85 (given that the R2 from the

LS
regression of schooling levels on the levels of the regressors ls .21), so
that the implied abillty bias is -.058.

In Table 6, AK use an alternative IV estimator that allows for correlated
measurement error in a twin’s report of his own and his sibling's schooling.
In these estimates, the implied downward ability bias in bLS is smaller,

ranging from -.018 to -.030 depending on the specification (agaln using the
lower estimate of the reliability ratioc). Based on the discussion that
follows, 1t is easy to show that any exacerbation of the blas in bHT from

using bIV is lessened if there is positively correlated measurement error of

this type and their alternative IV estimator 1s used.

SAK interpret the large difference between bIV and bUT as evidence that

“measurement error may lead to considerable underestimation of the returns to
schooling in studies based on siblings" (pp. 1-2). But they do not interpret
the large difference between b ., and b _ as implying considerable downward

1v LS
ability blas in bLS' instead concluding “we find some weak evidence that
unobserved ability may be negatively related to schooling level® (p- 1).



return to schooling is conceivable (Griliches, 1977), the magnitudes (if not
the sign) of this bias implied by AK's estimates may seem surprising.
However, if the omitted ability blas is not completely eliminated in the
within-twin difference, then there is an alternative potential explanatlon of
AK's results that does not require downward ability bias in bLS'

Griliches (1979) noted that if the "ability” that is rewarded in labor
markets has more than a purely genetic component, then even MZ twins will not
have identical ability. He showed that, in the absence of measurement error,
within-twin or within-sibling estimates are more upward blased from omitted
ability if the ratio of the variance of within-family ablility differences to
the variance of within-family schooling differences is greater than the ratio
of their cross-section counterparts. To see this, let A have an indivldual
(A') and family (A’') component, and simllarly for m in equation (2)}. Then

ignoring measurement error,

(10) plim(bLS) =R + AroAZ/csz =8 + A1¢A2/(12¢A2 + cnz}

(113 plim(bwT) =g + ATOAA'Z/QAS‘Z =8 + AycAA,Z/{vchA,z + oAn.Z}
While UAA,Z is undoubtedly smaller than ¢A2' the omitted ability blas in bNT
can be greater than that In bLS if wnz is sufficlently greater than aAn'

This may occur if parents treat their twin offspring similarly in financing
schooling, partly ignoring differences in A, or perhaps even offsetting them

6
(in which case 0An'AA' * 0). Thus, upward ability bias in bHT can explain

6Exist1ng research points to some evidence of differences in ability or
endowment within twin pairs. Jencks and Brown (1977) report correlations of
an academic aptitude test of .86 among MZ twins in the Project Talent study,
and Behrman, et al. (1980) report correlations of .76 among MZ twins on the
General Classification Test, for the Navy subsample of the NRC twin sample.
However, these correlations may fall short of one because of measurement
error, rather than because of true ability differences.

In addition, Behrman, et al. {1993) report that for 69 percent of the



why buT exceeds bLS' despite the greater attenuation blas in bHT' without
resorting to the conclusion that bLS is blased downward.

Moreover, upward ability blas in the within-twin estimator may have
implications for bIV' If there are individual differences in ability within
twin pairs, then upward omittied ablility bilas in bHT is exacerbated in bIV‘
The plims of the alternative estimators of B when there is both omitted

abllity and measurement error are given by:

(12) plim(bLS) =8-[1 - cvz/cszl + chAZ/cSZ
(13) plim(bwT) = g-[1 - cAVZ/oASZI + ArcAA,z/cAsz
(14) plin(b ) = B + AwM,Z/aAS-Z

If the omitted ability bias is positive, then equatlion (14) implies that
bIv is upward biased. Furthermore, because FASZ > ¢AS'2' the upward ability
bias in bIv exceeds that in bHT' Given AK's estimate of UASZ/GAS.Z of 1/.58 =

1.72, the implied upward ability bias In va is 72 percent larger than that in

b .7 Finally, b

WT may provide a less biased estimate than va because the

WT

identical twin pairs in their sample, birthweights differ by at least four
ounces, and that for 48 percent birthweights differ by at least elght ounces.
They also report that a four-ounce birthwelght advantage is assoclated with a
schooling advantage of almost one-half year.

Finally, there is some evidence that within-twin variation in ablility has
a smaller effect on schoolling than does cross-section variation in ablility,
suggesting that blas from omitted ability could be exacerbated in within-twin
differences. Grlliches (1979) reports that there is a significantly lower
effect of IQ on schooling within families than across families, and that thls
attenuation is more severe for identical twins., However, Behrman, et al.
{1993) argue that these results may stem from unobserved differences in
endowments that are smaller within twin pairs than across individuals.

7For the within-twin estimator allowing for correlated measurement error, the
estimate of cASZ/GAS.Z = 1/.84 = 1.19, so the omitted ability bias in va is
19 percent larger than that in bUT' But the contrast between bIV and bUT for
this estimator is considerably smaller to begin with, as the ratlo bIV/bUT =

1.21 (.129/.107), vs. 1.82 (.167/.092) for the estimator assuming classical



measurement error and omitted ability blas in bUT are offsetting, whereas va

has only upward ability bias.
It is also worth noting that there Is ne inconsistency between the fact

that the ratio bHT/ "matches” the nolse-to-signal ratlo in schooling

bIV
differences--as is the case In AK's estimates--and the claim that va may be

upward blased because of omitted ability differences between twins. To see

this, rewrite the plim of bwT

2
as

2 2

Av }

2 2. 2
/FAS ] + {Ayo /UAS } {cAS /o
2 2

2 21,11 -
A’ /GAS -1 T /aAs ]

Equations {14) and (15) imply that, Jjust as in the pure measurement error case

{equation (91}, plim(buT/va) = [1 - #sz/cﬁszl. Thus, given AK’s estimate of
2 2

p /UAS , the ratio of bHT to va should be the same as that implied by pure
measurement error, even when there is upward abllity bias in both estimators.

B-[1 -~ ¢

n

{15) plim(bHT)

{B + Ayo

Equations (12), (14), and {15) cannct be solved for the three unknowns 8.

2 2 2 2
AraA /US , and AyaAA, /GAS

dependent. Nonetheless, these equations can be used to suggest some bounds on

, because equations (14) and (15) are linearly

B. For example, for the estimates in Table 3, assuming that omitted ability
bias in the cross-section estimate ls positive, equatlion (12) suggests that 8
satisfles b . - B-[1 - EVZ/ESZJ > D, or B < .098. This upper bound for 8 is
below the IV estimate of the return to schoollng reported by AK, while
suggesting upward ablility bilas of .035 in bHT'

Finally, note that endogeneity bias that persists in within-twin

estimates will also be exacerbated by AK's IV estlmator.8 Dropping the

weasurement error,

8
Behrman, et al. (1993} is perhaps the only paper that studies endogeneity
blas in twin differences. Using birthweight differences as an instrument for



assumption that plim(n-£) = 0, in the presence of measurement error,

. — . _ .2, 2 2
(16) pllm(bLS] = B-{1 o, /vs J o+ ccn/ﬁs
{(17) plim(b,,..) = B-{1 - ¢ 2/0 2] +c /G 2
WT Av " AS AcAn’  AS
. 2
= L
(18) pllm(blv) B + cﬁcAn/cﬂs
If cen < 0, as Griliches (1977) suggested, then bLS may be blased
downward more than bNT' which again can explain AK's finding that bLS is less
than bUT' Furthermore, equation (18) shows that any endogeneity blas in bHT
will be exacerbated in va. The net effect, though, 1s unclear. If
) < 0 {which seems likely, if ¢ < 0), then in contrast to the omitted
Aeln en
ability case, bIV is downward biased, in which case the true return to
schooling may exceed AK's IV estimates. If instead cAcAn > 0, then bHT and

bIv are upward bilased, as in the omitted ability case, and bHT may be less

biased than b]v. since b, . has offsetting downward and upward blases, whereas

WT
bIv is only biased upwards.9

Iv. Conclusion

The rationale for within-twin estimation of the return to schooling lis

the presumption that identical twins have equal abillty, which drops out of

schoollng differences, they find no evidence of endogeneity blas in
within-twin estimates of the return to schooling, as the estimated return is
unchanged after instrumenting. However, as the authors note, there is no
direct evidence that birthweight does not also affect wages directly,
independently of its effect on schooling, in which case it is not a valid
instrument. Furthermore, that study does not attempt to estimate the
endogeneity bias in cross-section estimates, wlth which to compare the bias in
the within-twin estimates. This dearth of evidence reflects the difficulty of
thinking of instruments for schooling that vary across twins, and hence could
be used to correct within-twin estimates for endogeneity blas.

9In either case, as in the omitted ability case, the same ratio of bHT te bIV
should be obtained as that implied by pure measurement error, since 1t is

still true that pIim(bwT/b J=01-¢ 2/0 2].

Iv Av T AS



the within-twin difference. However, thls does not explain the source of
schooling differences within twin pairs. The notion that within-twin
estlmates provide a "natural experiment" for estimating the return to
schooling is based on the assumption that schooling differences within twin
pairs represent random (true) varlation, However, once alternative reasons
for schoeling differences among twins are considered, the conditions for this
experiment to be valid may be violated, and may, in some circumstances, imply
that the bjas in within-twin estimates 1s greater than that in cross-section
estimates, That was the message of Griliches’ (1979} review of sibling and
twin studies.

Ashenfelter and Krueger's approach to correcting for measurement error in
schooling in within-twin estimates of the return to schooling is potentially
valuable because it can tell us whether lower within-twin than cross-section
estimates are attributable to the removal of ability bias, or the exacerbation
of measurement error bias. However, if blases other than measurement error
remain in the within-twin estimates, these blases may be exacerbated by AK’s

within-twin IV estimator, and this estimater may be upward blased.

10
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