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ABSTRACT

Cross-sectional regression anélyses of wage gaps may be biased by omission of
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BIAS IN LONGITUDINAL ESTIMATION OF WAGE GAPS

I. Introduction

The empirical literature in labor economics abounds with studies of wage gaps
between union and nonunion workers, workers in safe and dangerous jobs, workers for
small and large employers, and so forth. Most of these studies have used cross-sectional
data on individual workers to estimate regressions of the wage (or, more commonly, its
natural logarithm) on the variable of main interest while attempting to “hold other things
equal” by controlling for a vector of other worker and job characteristics. Despite these
efforts to control for other factors, the possibility remains that cross-sectional estimation of
wage gaps has been biased by failure to control for unobserved worker characteristics
related to both the wage and included regressors. This possibility has motivated a legion
of recent researchers to “difference out” unobserved individual characteristics by
estimating fixed-effects models with longitudinal data. This longitudinal literature has
grown so rapidly that a full listing of references would be futile, but notable examples
include the studies by Freeman (1984), Mellow (1981), and Mincer (1983) on union-
nonunion wage differences; Brown (1980) and Duncan and Holmlund (1983) on wage
premiums for dangerous or unpleasant working conditions; and Brown and Medoff (1985)
on wage differences by employer size.

The purpose of this paper is to question whether such longitudinal analyses
produce consistent estimation of wage gaps. Section II motivates the discussion with a
graphical exposition of an extreme but illustrative case. Section III provides a formal
analysis of the general problem — that self-selection of job changers can cause longitudinal
estimation to confound the true wage gap with‘ worker taste parameters related to the job

changing decision. Section IV summarizes and discusses the analysis.
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II. An Extreme Exarﬁple

Because the derivation of this paper’s main result in Section III is rather
technical, it is worthwhile first to develop intuition for the result with a simple example.
This example, like the analysis throughout this paper, focuses on the simplest longitudinal
data structure, one where the sampled individuals are observed at two points in time.
(Most of the studies cited above used data of this type.) With such data, one controls for
fixed unobserved worker characteristics simply by “first-differencing” them out, i.e., by
estimating a regression of change in the wage measure on change in the variable of main
interest (as well as changes in the control variables). For example, if the relevant wage
measure w is the natural logarithm of the wage and d is a dummy variable equal to 1 in
dangerous jobs and 0 in safe ones, a longitudinal study of compensating wage differences
for dangerous jobs then would examine the relationship between change in w and change in
d, and would interpret a positive estimated relationship as evidence of compensating
differences.

The pitfall in this approach is best illustrated by the following vivid, though
implausible, example. Suppose that, despite a universal preference among workers for
safe jobs, the market provides no wage premium for dangerous work. This case is
illustrated in Figure 1, which measures w on the vertical axis and d on the horizontal axis.
The bell-shaped curves represent, for workers of a given skill level, the distributions of
market wage opportunities at each safety level. The wage distributions shown for d=0
and d=1 are alike, representing the absence of any systematic compensating differences.

Now consider a worker ‘initially in a safe (d=0) job. The utility level for this
worker — if, for example, his log wage happens to be the mean u of the distribution — is
represented by the indifference curve! through the poiﬁt (u, 0). Since wis a good and d
is a bad, the indifference curve is positively sloped. Consequently, this worker will choose

to change to a more dangerous job only if it offers him a substantial wage increase.




In contrast, a worker initially at a dangerous (d=1) job — for example, one whose
initial (w, d) pair is (4, 1) — may choose to change to a safer Jjob even if it offers g
moderately lower wgg_e. As a result, a comparison of job changers is likely to find that
those who move from safe to dangerous jobs experience larger wage increases on average
than do those who move from dangerous to safe Jjobs. The self-selection of Jjob changers
produces this positive relationship between observed changes in wage and danger even if,
as in Figure 1, the market offers no systematic wage premium for dangerous work.

This example, of course, is quite contrived, but the point it highlights is more
generally applicable. Even where the true. wage gap between two job types is nonzero and
regardless of whether workers prefer one job type to the other, self-selection of job
changers causes longitudinal estimation. of the wage gap to be inconsistent. This point is
formaHy demonstrated in the next section, which analyzes a two- -sector model of wage

variation and job changing,

OI. A Formal Model

sector, or the large-employer sector). Every worker
represented by the simple utility function U= w-ad where w is the log wage and q is a
taste parameter. In the case where d=1 denotes a dangerous Job, workers’ distaste for
dangerous work is represented by a positive q. In the case where d=1 denotes
unionization or a large employer, the sign of q is less clear

In hlS first period in the labor market, each worker randomly draws an initial Jjob
with log wage w, and sector mdex d The probability that he draws a job with d =1lis
denoted by p; the probability that d =0is l-p If the worker draws a job with d =g, Wy

is drawn from a normal distribution with mean u and positive variance 0(2) As in




Jovanovic (1979), the positive variance arises from heterogeneity in the productivity of
worker-employer matches.2 If the worker draws a job with d1= 1, Wy is drawn from a
normal distribution with mean g+ § and positive variance o?. A nonzero average wage
gap § between sectors could arise either from noncompetitive forces (e.g., from union
bargaining in the case of the union-nonunion gap) or from competitive forces (as is usua,lly-
supposed in models of compensating wage differences). In the latter case, the equilibrium
value of § would depend not only on the worker taste parameter a, but also on the extent
of match heterogeneity in each sector as well as on the determinants of each sector’s labor
demand.® |

In his second period in the labor market, each worker makes a new independent

draw of another job opportunity (WZ, d2) from the same joint distribution as described
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0 + 0y Then

- _ _ _ 2 _
above. Define Aw = Wo Wi Ad = d2 dl’ ando = 0

1 with probability p(1—p)
Ad = 4 —1 with probability p(1—p)
0 with probability 1—2p(1—p)

and

N(s, o2 if Ad=1

N(—8, ¢2) if Ad=—1

Aw ~ 2, . s - -
N(o, 200) if Ad=0 with dl-d2—0

2.. _ . —_ =
i N(0, 201) if Ad=0 with dl—dz— 1.
A worker chooses to change to the newly discovered job if it increases his utility,
that is, if Aw > aAd. Otherwise, the worker stays in his original job. Consequently, the

worker’s observed period-to-period change in job characteristics is




(0, 0) if Aw < gAd

#* ) =
(Aw*, Ad*) L (Aw, Ad) if Aw > gAd *

Most longitudinal studies of wage gaps attempt to estimate the average gap § by
least squares estimation of the regression of Aw* on Ad*. The remainder of this section
demonstrates that the resulting estimator § is inconsistent, The inconsistency arises from
the self-s_election of job changers, and the ensuing analysis relies heavily on the results
concerning means of truncated normal distributions which have been popularized in the
literature on sample selection biag.4

The inconsistency proof requires the derivation of each term in
plim § = Cov(aw*, Ad*)/Var(Ad*),
Beginning with the denominator,
Var (Ad*) = E(ad*)? - [E(ad%)2
= Prob(Ad=1) Prob(Aw> alAd= 1)
+ Prob(Ad= - 1) Prob(Aw>-a,Ad= ~1)

= {Prob(Ad=1) Prob(Aw> ajad= 1

~ Prob(Ad=-1) Prob(Aw> -ajad=— 1)}2

= PL-PIS((6-0)/0) + B((a-5)/0)]
~ P(L-P)&((5-a)/0) — & ((a-8)/o)])

= p(1-pR1-p(1-p)1-28((a-6)/0) 3},

For the numerator, consider each term in




Cov(Aw*, Ad*) = E(Aw* Ad*) — E(Aw*)E(Ad™).
First,
E(Aw*Ad*) = Prob(Aw>aAd) E(Aw*Ad*|Aw>aAd)
= Prob(Ad=1) Prob(Aw>a|ad=1) E(Aw|Ad=1, Aw>a)
+ Prob(Ad=—1) Prob(Aw>-ajad=—1) ECAw|Ad=—1, AW>-a)
= p(1-p) B((5-0)/0)[6+ 0¢((a-8)/0)/®((8-2)/0)]
+ p(1-p) &((a-8)/0)[5-0¢((a-8)/0)/&((a-8)/0)]
= §p(1-p).
Next,
E(Aw*) = Prob(Aw>aAd) E(Aw*|Aw > aAd)
= Prob(Ad= 1) Prob(Aw>g|Ad=1) E(Aw|Ad=1, Aw>a)
+ Prob(Ad= — 1) Prob(Aw>-ajad= —1) E(Aw|Ad=—1, Aw>-a)

+ Prob(d, =d,=0) Prob(Aw> 0ld,=dy=0) E(aw|d;=d,=0, Aw>0)
+ Prob(d, =d,=1) Prob(Aw> 0jd,=dy=1) E(Awld, =d,=1, Aw>0)

= p(1-p) &((8-a)/0)[&+ c¢((a-8)/0)/@((8-a)/0)]

+ p(1-p) ¥((a-8)/0)[-8+0¢((a-8)/0)/®((a-8)/ 0)]

+ (1923 09(0) + pVE 01600

(1)
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= 6p(1-p)[1-24>((a-6)/0)]+2p(1-p)o¢((a-6)/a)

+ 3 ¢(0)[(1'P)200+p201].

Also,

E(Ad*) = Prob(aw> ald) E(Ad*|Aw > gad)

= Prob(Ad=1) Prob(Aw> alad=1)

~ Prob(Ad=-1) Prob(aw> -alAd=~-1)
= P(1-p)®((8-a)/0) - p( 1-p)&((a-8)/0)

= P(l-p)[l—Zé((a-cS)/a)].

Substituting these expressions into equation (1) yields

Cov (Aw*, Ad+) = 8p(1-p)—p(l-p)f1—2<1>((a-6)/03
X {6p(1-p)[1—2¢>((a-6)/a)]

+ 2p( 1-p)og((a-6)/0)

V2 6000 +p2 )

SP(LPHLp(L-P)1-28((a-5)/013)

~ P(1-p)[1-28((q-5)/ 0)]{210(1-}))0¢((a-6)/o)

+ V2 901920 457,

= 6 Var (Ad¥) - p(l-p)[1—2<I>((a-6)/a)]

X {Zp(l-p)oqs((a-a)/o) +v2 ¢(0)[(1-p)2ao +p201]}



Finally, dividing this expression by Var (Ad™) produces

plim 3 = § — p(1-p)[1-28((a-8)/0)]
X (2p(1-p)06(@)0) + vE pOIAP o +p” o Var (447,
Inspection of this expression reveals that

SasaES.

AV

plim 3

Thus, the conventional longitudinal estimator of the average wage gap 8 is consistent only

in the special and unlikely case that & and g are precisely equal.

IV. Summary and Discussion

This paper has presented a simple model to illustrate the inconsistency of
conventional longitudinal estimation of wage gaps. The problem is that identification of
wage gaps in longitudinal studies depends mainly on wage changés of job changers, who
are largely a self-selected group. One obvious application of the previous section’s analysis
is to longitudinal estimation of union-nonunion wage differences. In fact, the self-selection
issue in this context has already been discussed by Freeman (1984). Freeman’s
discussion, however, pertains to a different estimator of § and also implicitly assumes that
a=0, i.e., that, given equal wages, workers are indifferent between union and nonunion
jobs. In that case, he finds that longitudinal analysis tends to underestimate the true &.
The previous section’s result clearly leads to the same conclusion in that case: if a=0 and
§>0, then 5> a and hence plim §< 6. But the present paper’s analysis can be generalized
to cases of nonzero a as well. Several writers® have proposed reasons other than higher
wages (such as nonwage benefits and protection against arbitrary management practices)
for why workers might prefer union jobs. These factors suggest that a<0, which just

strengthens the conclusion.that 5>a and plim §< 6. Furthermore, even if ¢>0 (that is,
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workers have g distaste for unionized employment), as long as q is less than §, the v

downward inconsistency of § still applies.

differences arige (i.e., =0). This null hypothesis corresponds exactly to the example

discussed in Section II. Ag claimed there and proved in Section I, if §=0 and ¢>0, then

rather, it gives an llustration of how self-selection of Jjob changers can distort longitudina] -

estimation of wage gaps.




Figure 1




4See Johnson and Kotz (197 0) on truncated normal distributiong and Heckman
(1979) on sample selection bias. This section’s analysis ig similar, though not identical, to
numerous previoys discussions of how selection Processes influence estimated wage or
earnings functions, See Lee (1978), Willig and Rosen (197 9), Hausman and Wise (197 9),
and Heckman and Robb (1985),

SSee, for example, Reesg (1977), Farber and Saks (1980), and Freeman ang
Medoff (1984),
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