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ABSTRACT

This paper simultaneously incorporates two sources of selection bias in the black-white
wage equations. It demonstrates that the biases due to an individual’s propensity to be in
the labor force and the firm’s hiring practices are important in determining the black-white
wage differential and failure to account for both biases will result in inaccurate estimation
of the black-white wage differential. The results indicate a moderate contribution (4.3
percent) of the selectivity biases variables to the wage differential between blacks and
whites. The results also show that the black-white wage differential for all black and
white workers and across gender decreases as more sources of selection bias are identified
and incorporated in the wage equation. The implication is that the observed unadjusted
black and white wage gap may be overstated if the wage equation is not adjusted for
selection bias. We found that adjusting for double selection bias in the wage equation,
the black-white female wage gap is 26 percent larger than the black-white male wage gap,
and 12.1 percent larger when we adjust for a single selection bias. The small total effect
values of the selection bias due to an individual’s participation decision indicate that the
black and white labor force participation decisions may be similar, while the black-white
participation decisions may differ. The results seem to suggest that at the macro level,
the enforcement of policies related to racial issues in the labor market will likely lead to a
reduction in the black-white wage gap. Also, policies designed to encourage black males’
labor force participation and enforcement of anti-discriminatory laws may be effective in
reducing the black-white male’s wage differential.

* An earlier version of the paper was presented at the Western Economics Association
International Conference, Vancouver, Canada, June 29-July 3, 2004. I wish to acknowl-
edge grateful comments from session participants and James Ahiakpor of California State
University (Hayward). Errors remanining are my sole responsibility.
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1. Introduction

In estimating the wage differentials between black and white workers, it is important

to adjust for the sample selection bias in the wage equation. It has been demonstrated that

most wage equations suffer from sample selection bias due to a misspecification problem and

failure to address this problem will undoubtedly produce biased esimates (Heckman, 1979).

Those studies that have examined the self-selection issues have only concentrated on one

source of the sample selection bias problem, which arises from an individual’s propensity

to participate in the labor market (Blau and Beller, 1992; Neal and Johnson, 1996; and

Neal, 2003; Heckman et al. 2000). However, in estimating the wage equations for blacks

and whites, two sources (multiple) of sample selection bias are eminent: the individual’s

decision to participate in the labor market and the firm’s decision to hire the individual. An

individual who decides to participate in the labor market may be hired or not hired based

on the firm’s preference for that individual. Therefore, an individual employment in the

labor market is a function of two sequential decisions: his/her decision to participate in the

labor market, and the firm’s decision to hire him/her. Several studies have shown in other

areas the importance of adjusting the wage equation to reflect multiple sample selection

bias that arises from two sources (Abowd and Farber, 1982; Sorensen, 1989; Tunali, 1986).

This paper models the two sources of selection bias simultaneously and demonstrates that

ignoring any of the sources of the selectitvity bias is likely to produce bias estimates of the

wage equation and hence inaccurate estimation of the wage differentials.

The objective of this study is to estimate a multiple or a double sample selection

bias adjusted wage model and examine the extent to which these biases account for the

difference in the black and white wage differentials. In section 2, we provide a detailed

discussion of a model that incorporates two sources of sample selection bias in the wage

equation. Section 3 outlines the method employed to decompose the multiple selectivity

adjusted wage differential of black and white workers into a portion due to differences
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in personal characteristics, the portion due to differences in parameters, and the portion

accounted for by the selectivity bias terms. The next section discusses the data source and

identification of the equations in the model. Section 5 discusses the results of the models

presented in section 3, and the last section presents the conclusions.

2. The Model

Let wij be a vector of observations of hourly wage of the ith worker of a jth racial

group (i.e., white (w) and black (b)), and let Xj be a matrix of observations on measurable

worker characteristics, and labor market conditions, and other variables associated with

the jth racial group. Then we specify,

lnwij = βijX + εij , (j = w, b) (1)

where βj is a vector of coefficients in the jth wage equation and εj is a disturbance term

in the jth wage equation.

There is a major sample selection problem in the wage equation. Our sample contains

workers who have no information on their wage rates. Estimation of the wage equation

without nonworkers introduces selectivity bias. First, this bias may be due to self-selection

by individuals being studied. For example, many married women choose not to work and

thus their wages are not observed (i.e., they self-select themselves out of the sample). Using

data only on workers in the estimation is not appropriate because the wages of those who

choose to work may not necessarily give valid estimates of potential wages of those who

did no work. Heckman (1979) treats this censored wage equation as a specification error

in which a variable is incorrectly omitted from the wage equation. Heckman shows that

the expected value of the error term in the wage equation is not zero and therefore the

OLS estimates are biased. Heckman’s solution to this problem involves first estimating

a probit model that relates the probability of an individual being in the labor force to a

set of determinants, and then using these probit estimates to compute the inverse Mills
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ratio or the hazard rate variable. This variable is then included as a covariate in the wage

equation. Second, the wage rate may not be observed because an individual who is willing

to work may not be hired by an employer. In other words, the wage rate is observed only

if the individual is employed or hired. In their hiring practices, employers decide which

individuals are to be hired from a pool of potential job-seekers. Individuals such as whites

who are perceived to possess higher human capital are likely to be hired and blacks are

less likely to be hired because of relatively low human capital and certain attributes. Also,

employers who have discriminatory attitudes or are biased against blacks may pay black

workers low wages compared to white workers.

The above discussion indicates that particular individuals select to participate or

not to participate in the labor force, and employers select particular types of individuals

to be hired. Therefore there are two sequential decisions in determining an individual’s

employment status: The decision of an individual to participate in the labor force and

the decision to be hired by an employer. Therefore, the wage is observed if the individual

decides to work and he/she is hired. These two selection processes are non-random and

the model should explicitly take these selections into account in order to produce unbiased

estimates.

To address these multiple sample selection bias problems inherent in the wage equa-

tion, we specify the following model:

Y1i = Π1Z1i + U1 (2)

Y2i = Π2Z2i + U2 (3)

LnWij = βijX + εij (4)

where equations (2) and (3) summarize the preference functions of individuals and em-

ployers, respectively. We assume that Y1i > 0 if the difference between the market wage
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rate and the individual’s reservation wage is positive. In other words, the individual par-

ticipates in the labor force if Y1i > 0. The employer’s preference function is positive if the

individual’s expected productivity exceeds his/her expected wage rate. Thus, the individ-

ual is hired if Y2i > 0. These two selection decisions are not necessarily independent and

both depend on Z, which is a vector of variables such as individual personal characteris-

tics, the individual’s wage rate, and the individual’s productivity-related characteristics.

The Uj(j = 1, 2) is the error term and the Π represents the coefficient to be estimated.

The wage equation (4) is the one specified in equation (1). Assuming a joint multinormal

distribution, the conditional distribution of the error terms in equations (2)-(4) for the

entire population is given by (U1, U2, ε) ∼ N(0,Σ), and the variance-covariance matrix of

the error terms is:

Σ = Cov(ε, U1, U2) =




σ2
1 ρ ρ1ε

ρ σ2
2 ρ2ε

ρ1ε ρ2ε σ2
ε




Since Y ′
j s are unobservable, we define two dummy variables as follows:

M1 =
{

1, if Y1i > 0
0, if Y1i < 0 (5)

and

M2 =
{

1, if Y2i > 0
0, if Y2i < 0 (6)

M1 and M2 are the indicator variables defining the two preference functions: the decision

of an individual to participate in the labor market (M1), and the decision of the employer

to hire that individual from the labor market (M2). There are four possible outcomes of

the decision process. (1) An individual decides not to participate in the labor market and

therefore that individual is not hired (i.e M1 = 0 and M2 = 0); (2) An individual decides

not to participate in the labor market, but that individual has the potential to be hired

(i.e., M1 = 0 and M2 = 1); (3) An individual decides to participate in the labor market

and the employer decides not to hire that individual (i.e., M1 = 1 and M2 = 0); and

(4) An individual decides to participate in the labor market and that individual is hired
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(i.e., M1 = 1) and M2 = 1). In a classic labor market analysis, the first two scenarios

are indistinguishable and represent one group of nonparticipants in the labor force. Also,

an individual is employed only if he/she is in the labor force. That is, we observe M2 if

and only if M1 is observed. This implies that M1and M2 could be observed as a single

indicator variable, M = M1.M2. This is the case when an individual enters the labor

force and he/she is employed (M = M1.M2 = 1) if both M1 = 1 and M2 = 1, and is not

employed (M = 0). Note also that employment implies a joint decision of the individual

to enter the labor force and his or her accepting a job offer. Accepting a job offer can only

occur if the individual is in the labor force. This model is similar to the one presented by

Meng and Schmidt (1985).1

The above discussion indicates a decision model with partial observability and our

interest is to estimate the wage equation in the presence of these two selection decisions.

There are two issues in the estimation of the model. First, individuals’ wages are observed

only for workers who are employed. As a result the conditional mean of the error term in

the wage equation using the censored sample may not be zero {i.e., E(ε|Mi) 6= 0}. Second,

the error terms in the selectivity equations are correlated [i.e., Cov(U1, U2 = ρ 6= 0]. In

this case, we use bivariate probit method to estimate the Π′s and ρ. To avoid estimation

problems, we need a normalization of σ2
ε = σ2

1 = σ2
2 = 1.

The estimates Π1,Π2 and ρ are obtained by maximizing the likelihood function:2

lnL(Π1,Π2, ρ) =
N∑

i

{Mi1Mi2 lnF (Π1Zi,Π2Zi; ρ)

+ Mi1(1 − Mi2) ln[Φ(Π1Zi) − F (Π1Zi,Π2Z2; ρ)]

+ (1 −Mi1) lnΦ(−Π1Zi)}

(7)

1 Meng and Schmidt refer to this model as censored probit (partial observability). This model has also

been used by Abowd and Farber (1982) to analyze the demand for unionism. For a complete discussion

of the four scenarios, see Tunali (1986).
2 This is the same likelihood function specified by Meng and Schmidt (1985, p. 74).
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The censored bivariate probit estimates are then used to calculate the two selectivity bias

terms λ1i and λ2i. The sample selectivity adjusted wage equation is written as:

lnWij = βijX + γ1λ1i + γ2λ2i + ε∗ (8)

where ε∗ = ε − γ1λ1i − γ2λ2i and E(ε∗|Mi = 1) = 0.

λ1i =
φ (ZiΠ1).Φ

[
ZiΠ2 − ρZiΠ1/

√
1 − ρ2

)]

F (Zi Π1, ZiΠ2; ρ)

λ2i =
φ (ZiΠ2).Φ

[
ZiΠ1 −

(
ρZiΠ2/

√
1 − ρ2

)]

F (Zi Π1, ZiΠ2; ρ)

3. The Decomposition of the Wage Differential

The overall sample selection adjusted wage differential between white and black work-

ers can be decomposed into different components: (1) a portion due to differences in

average personal characteristics, and other variables in the wage equation, (2) a portion

due to differences in the parameters of the wage function, caused by labor market discrim-

ination and other omitted factors, and (3) a portion due to differences in selectivity bias.3

Adopting the methodology which was first utilized by Oaxaca (1973) and Blinder (1973),

the difference in the logarithmic wages between white and black wages is written as:

∆lnW = ¯lnWw − ¯lnWb (9)

where the operator ∆ represents the mean difference between white and black wages. As

a first step, separate wage equations are estimated for white and black workers. The

estimated wage equations are then used to decompose the observed wage differential be-

tween white and black workers into components due to personal characteristics and other

variables, and due to a sample selectivity bias.

3 For a survey of methods used to decompose wage differentials between two groups, see Kunze, 2000.
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Let the average observed log wage for type j worker be ¯lnWij =
∑

i lnWij/nj , the

average observed characteristics, X̄j =
∑

i Xij/nj , and the average sample selectivity bias

term, λ̄j =
∑

i λij/nj , where nj is the number of individuals in a j group. In our case,

j=w (white), b (black).

Suppose that β̂w is the competitive price and that blacks are remunerated at the

same price as white workers. Then, the predicted mean wage for blacks using competitive

prices is given by β̂wX̄b.4 Equation (9) with a sample selection term included in the wage

equation, can be written as:

¯lnWw − ¯lnWb =
∑

β̂wX̄w −
∑

β̂wX̄b +
∑

β̂wX̄b −
∑

β̂bX̄b +
∑

(δ̂wλ̄w − δ̂bλ̄b)

=
∑

β̂w(X̄w − X̄b) +
∑

(β̂w − β̂b)X̄b +
∑

(δ̂wλ̄w − δ̂bλ̄b) (10)

The first term on the right-hand side of equation (10) is the differences in the endowments

of wage-determining characteristics (X ′s) between the white and black workers, evaluated

according to the white pay structure (β̂w). This portion can also be interpreted as the

wage gain blacks would experience if they had the same characteristics, on average, as

whites. The second term on the right-hand side is the portion due to differences in pay

structure (coefficients, β̂′s) between whites and blacks. It is the wage gain blacks would

experience, given their mean characteristics, if they were remunerated like whites. The

last term represents the wage differential attributed to sample selection bias.5 Equation

(10) can also be written as:

¯lnWw − ¯lnWb =
∑

β̂wX̄w −
∑

β̂wX̄b +
∑

β̂wX̄b −
∑

β̂bX̄b +
∑

(δ̂wλ̄w − δ̂bλ̄b)

=
∑

β̂b(X̄w − X̄b) +
∑

(β̂w − β̂b)X̄w +
∑

(δ̂wλ̄w − δ̂bλ̄b) (11)

Consequently, we encounter an index number problem (Oaxaca, 1973; Jones, 1983). Fol-

lowing the approach employed by Reimers (1983), which uses an unweighted average of

4 Note, the mean of the dependent variable in a regression analysis is equal to the regression coefficient

times the mean values of the explanatory variables.
5 Following the Jones (1983) argument that the wage differential due to differences in coefficients is

sensitive to dummy variables, I included the intercept differences, which capture other omitted factors.
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each type of workers’ coefficients, the wage differential can be decomposed as:6

¯lnWw − ¯lnWb = 0.5(X̄w − X̄b)(β̂w + β̂b) + 0.5(X̄w + X̄b)(β̂w − β̂b)

+ [(δ̂1wλ̄1w − δ̂1bλ̄1b) + (δ̂2wλ̄2w − δ̂2bλ̄2b)] (12)

4. Data Source and Description

The data set is from the National Longitudinal Study of Youth (NLSY79). The

NLSY79 is a panel data set consisting of young individuals aged 14-21 on December 1978.

The sample is drawn from the 1994 cohort, who were then aged between 29-36. This sam-

ple consists of black and white individuals who were employed, unemployed but actively

looking for a job, and those out of the labor force. Since we are studying firms’ hiring

behavior, we exclude self-employed individuals from the sample. The selection criteria

yielded a sample size of 6815, of which 2548 (37.39 percent) were blacks and 4267 (62.61

percent) were whites. Out of this sample there were 3570 employed whites and 150 un-

employed whites, and 1858 employed blacks and 189 unemployed blacks. The sample was

divided into six categories: (1) full sample white individuals (62.61 percent of the sample),

(2) full sample black individuals (37.39 percent of the the sample), (3) white male indi-

viduals (31.01 percent of the sample), (4) white female individuals (31.59 percent of the

sample), (5) black male individuals (18.43 percent of the sample), and (6) black female

individuals (18.97 percent of the sample).

The NLSY and the choice of the sample suit our purpose for several reasons. First, the

NSLY data set contain variables that adequately reflect both the employers and workers

side of the labor market to which our model appeals. The NLSY is rich in covariates that

help us estimate the employer’s prefernce for hiring and the worker’s propensity to engage

in the labor force. Second, the 1998 sample provides prime-aged individuals who might

6 Another approach to deal with the index number problem is to use a weighted average (see Cotton,

1988). However, Idson and Feaster, 1990, point out that the weighting scheme is purely ad hoc and

therefore I adopted unweighted averages of the white and black group values.
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have experienced different labor force conditions such as individuals’ prior employment

status, which is crucial information in our labor force participation equation. Third, the

NLSY data contains variables that are specific to the individual’s labor force decision

and the firm’s hiring decision, and thus enables us to identify the labor force and hiring

equations in the model.

The constructed race variable in 1994 cohort has three categories: (1) Hispanics, (2)

Blacks, and (3) Non-black/Non-hispanic. The third category, which contains a bulk of the

white sample, includes Asian and native Americans. In order to have a white sample, we

included only persons who report being white but do not report being of Asian ancestry

or native American. There are three separate equations to be estimated in the model:

the participation, hiring, and the wage equations. The variables in them are divided into

five categories: human capital variables, personal characteristics variables, labor market

variables, household variables, and demographic variables.

4.1 Determinants of Labor Force Participation

The labor force participation equation analyzes the factors that influence an individ-

ual’s decision whether or not to enter the labor force. We expect the individual’s human

capital, personal characteristics and other factors, which are likely to affect the individ-

ual’s reservation wage, to influence the individual’s labor force participation decision. The

human capital variables include the individual’s labor force experience (EXP), the high-

est grade of education completed (SCH), and health problems (HEALTH). The personal

characteristics consist of the individual’s marital status (MARRIED), age (AGE), and gen-

der (FEMALE), while the labor market variables consist of a host of standard variables

that affect participation, including availability of fringe benefits (FRINGE), availability

of a pension plan (PENSION), local unemployment rate (URATE), the size of the firm

(FIRMSIZE), availablity of health plan with the firm (HEALTHPLAN), possibility of

promotion (PROMOTION), and industry dummies. The duration of unemployment (DU-
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RATION) is likely to affect an individual’s decision to enter the labor force. Individuals

who have been unemployed for a long period of time and have lost income as a result of

that are more likely to enter the labor force than those who have experienced a short spell

of unemployment.

The household variables that are likely to affect an individual’s labor force participa-

tion in our data are the size of the family (FARMSIZE), the number of children in the

family (NKIDS), and the number of children under six years (CHNU6). These variables

tend to influence an individual’s choice of engaging in home-related activities versus engag-

ing in market activities, which are likely to provide income. The family income (FAMINC),

the amount of unemployment compensation received by the individual (UCOMP), and the

total amount received from public assistance (PASSIST) are all likely to affect the individ-

ual’s labor force participation. For example, married females who have high family income

are more likely to stay out of the labor force in order to take care of household responsi-

bilities. Other variables such as the income from other sources in the form of interest and

rent (OTHERINC) and total debt obligation of the individual (DEBT) are also factors

that will determine one’s labor force participation. Higher debt obligation may encourage

individuals to engage in market activities in order to pay the debt, while more income from

other sources may discourage labor force participation.

In addition to the variables discussed above, demographic and other variables are

likely to affect one’s decision to enter the labor force. Also, the region where in-

dividuals reside is likely to influence the individual’s participation. Also, individu-

als who live in metropolitan areas where jobs are relatively easy to find are more

likely to enter the labor force compared to those who live in ruaral or small towns

where jobs may not be available. Three other variables, which can influence one’s

labor force participation decision are related to the extent to which one uses alco-

hol (DRUGUSE1), cocaine (DRUGUSE2), and marijuana (DRUGUSE3). An exces-
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sive use of these drugs may reduce any individual’s involvement in the labor market.

4.2 Determinants of Hiring

A firm’s hiring decision is based on an individual’s personal and human capital char-

acteristics, which affect the individual’s productivity on the job. In addition, certain labor

force characteristics could provide a positive or negative signal to the employer’s hiring

decision. For example, individuals who experience a high unemployment duration could

be perceived unfavorably by the employer. The argument in line with the human capital

theory is that unemployment is associated with a depreciation of an individual’s human

capital characteristics, and a decline in productivity. Potential employers therefore inter-

pret longer duration of unemploymemt spells as an indication of poor worker’s quality.

The length of time an individual expects to stay on the job (LENGTH) can also

influence the firm’s decision to hire the individual. Firms are normally interested in workers

whom they can rely on in providing services when needed. Workers who have erratic

labor force involvement behavior are less likely to be employed. Similarly, individuals who

consistently reject job offers (REJECT) may be viewed by employers as unlikely to accept

a job offer and therefore, are less likely to be hired. The local unemployment rate can also

dictate whether an individual will be hired or not. For instance, in areas where blacks face

high unemployment rate, it obvious that fewer blacks will be hired, and if the overall local

unemployment rate is high, hiring of workers is likely to be low. The regions in which

employers are located can also influence firms’ decisions to hire workers. For instance, a

high consumer demand for firms’ products in a region will trigger a derived demand for

workers and therefore, more workers will be employed.

4.3 Identification

Since the human capital, personal characteristics, and other variables are similar in

most of the equations, it is important to check for identification of the equations. This will

require that, in comparing two equations, there is at least one variable in a particular equa-
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tion, which does not influence the dependent variable of another equation. For example,

to identify the labor force participation equation, there must be a variable in this equa-

tion, which does not influence other equations. There are at least thirteen variables that

influence the participation equation, but do not influence firms’ hiring decisions. All the

household variables, individual’s debt obligation (DEBT), flexiblity in hours (FRINGE),

pension with the employer (PENSION), and the three drug use variables (DRUGUSE1,

DRUGUSE2, DRUGUSE3) are not likely to influence the firm’s hiring decision. These

same variables do not influence the wage equation.

There are four variables that influence firms’ hiring decisions, but not individuals’

labor force decisions. The local unemployment rate (URATE), the length of time an indi-

vidual expects to stay with the employer (LENGTH), the number of times a job offer has

been rejected (REJECT), and tenure with the current employer (TENURE) are not likely

to affect the individual’s propensity to engage in the labor force. One variable that affects

the firm’s hiring decision but not the wage determination is the REJECT variable. Vari-

ables that help identify the wage equation from the hiring and the participation equations

are the industry dummies, the PUBLIC, UNION, FIRMSIZE, and the FULL-TIME. All

these variables determine individuals’ wages, but not the hiring and participation decisions.

Also, the sample selectivity variables are excluded from the hiring and the participation

equations. These exclusions of variables in different equations allow us to identify the

participation, hiring and the wage equations.

5. Estimation Results

In this section, we present a brief description of the estimation procedure and the

results of the three equations, which were estimated in the paper. Each equation was

estimated for both the full sample and subsamples. In all cases, we tested whether the

white equation is significantly different from the black equation. Using Pesaran, Smith

and Yeo’s(1985) test, the null hypothesis was rejected at either a 1 percent or 5 percent
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level of significance for all equations. However, the test fails to reject the null hypotesis for

the white and black females’ labor force equations. That is, the white female and black

female labor force participation equations do not differ. The test verifies simultaneously

the equality of variances of error terms and the equality of sets of coefficients of two

regressors. The null hypothesis of the test is stated as: H0 : βi = βj and σ2
i = σ2

j against

the alternative hypothesis: βi 6= βj and σ2
i 6= σ2

j . The test statistic is given by:

F =
[(V

′

ijVij − V
′

i Vi)]/nj

(V ′
i Vi)/(ni − k)

∼ F (nj , ni − k)

where V
′

ijVij is the estimated sum of squared residuals of the pooled sample of ni and

nj . V
′

i Vi is the estimated sum of squared residuals of the ith regression with sample size

ni and k is the number of explanatory variables in the regression. In our case, ni =

nb, nj = nw, and nij = nwb. The subscripts, b and w refer to black and white, respectively.

A basic assumption for this test is that the error term of the regression is distributed

N(0, σ2).7 Test results were confirmed by employing a likelihood ratio test. With this

test, we reestimated the equations restricting some parameters that were not significant

in the black equation. The likelihood ratio statistic is given by LR = −2(lnL̂r − L̂u),

where L̂r and L̂u are the log-likelihood functions evaluated at restricted and unrestricted

estimates, respectively. The null hypothesis was again rejected at a 1 percent and 5 percent

levels of significance, with the χ2 statistic ranging from a low of 133.4 for the full sample

to a high of 396.2 for the black-white male subsample.

5.1 The Participation Equation

The bivariate probit estimates of the labor force participation equation are presented in

Table 2. These estimates are used to construct the sample selection bias variables, λ1

7 Note, the most widely used test of equality of sets of coefficients in two regressions is the Chow (1960)

test. However, the Chow test assumes that the variances of the error terms are common between the two

regressions. If the variances of the error terms are not the same, the Chow test may be inaccurate. This

test statistic has been used by many researchers including, Baffoe-Bonnie et al., (1996), and Osberg, et al.

(1987).
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(bias due to participation behavior). In Table 2, all the human capital variables are major

determinants of an individual’s labor force participation decision. High levels of schooling

and labor force experience increase an individual’s propensity to enter the labor force. It’s

observed that with the exception of the female subsample, this propensity is greater for

whites than for blacks. As expected, individuals with health problems are less likely to

participate in the labor force and this result is independent of an individual’s gender or

race.

In general, personal characteristics such as age and marital status are factors that

determine an individual’s decision to engage in market activity. Individuals’ labor market

involvement increases with age. This result is expected since our sample consists of prime-

age individuals who are capable of working, have family responsibilities, and are therefore

willing to work to support their families. This result supports the fact that married

individuals who are likely to have more family responsibilities have a higher propensity

to enter the labor force than single individuals. It is noted that although females are less

likely to enter the labor force than to males, this assertion is not important to blacks in

general due to the insignificant coefficient of the female variable in the black equation.

With respect to the labor market variables, the availability of a health plan with an

employer stands out as a major determinant of an individual’s decision to engage in the

labor force. This is not surprising, since for the past decade the cost of non-employment

individual health coverage has been much higher than employer provided health coverage.

While the employer’s provision for an employee pension plan encourages individuals to

participate in the labor force, it is not a major consideration for females. On the other

hand, fringe benefits such as flexible hours of work have a significant and positive effect

on all females’ labor force decisions, but do not influence either a white male’s or black

male’s labor force decision. While career advancement through promotion within the firm

is viewed as an important factor for whites’ labor force participation, it is not essential for
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blacks. It is observed that black and white females have the tendency not to engage in the

labor force if they experience long spells of unemployment.

In general for both blacks and whites, larger family size tends to reduce their labor

force participation, and more children in the family, as well as those under the age of six,

tend to increase their labor force participation. However, white and black females reduce

their labor force participation as the number of children and those under six years increase.

The total income of the family is significant and positive in both the black’s and white’s

labor force decision, but negative in both the black and white female’s labor force decision.

Income from other sources such as interest and rent influence the black and white female’s

labor force decision, but do not influence whites’ labor force decisions. Unemployment

compensation and income from public assistance programs tend to discourage all individ-

uals’ labor force participations. However, these variables are not significant in the white’s

labor force equation. The results reveal that both blacks and whites take debt obligation

seriously and as the amount of money they owe increases, so does their propensity to work.

The demographic and other variables in the model provide mixed results. Black and

white females who live in the north central part of the country are less likely to participate

in the labor force compared with those in the northeast. Similarly, blacks in general

and black females in the south are less likely to be in the labor force compared to their

counterparts in the norheast. However, both blacks and whites who live in the west will

engage in more labor market activities compared to those in the northeast. Blacks who

live in metropolitan areas have the tendency to join the labor force compared with those

who live rural areas. This is consistent with the general notion that blacks are more likely

to find jobs in big cities and less likely to find jobs in small towns. The extent to which

individuals use alcohol is not significant in their labor force decision except for the black

female. An extensive cocaine usage is found to have a significant and negative effect on all

individuals’ labor force participation decisions. Although extensive smoking of marijuana
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may have a negative impact, it is not significant in any individual’s labor force decision. It

is important to note that the covariance between the error terms in the participation and

hiring equations is highly significant and thus the choice of the bivariate probit estimation

procedure is appropriate.

5.2 The Hiring Equation

The hiring estimates reported in Table 3 indicate that employers’ hiring decisions are posi-

tively related to individuals’ levels of education and their labor force experiences, and that

individuals with health problems are less likely to be hired. All the personal characteristics

variables included in the model are major determinants of the employer’s propensity to

hire individuals. With the exception of the age squared, all the personal characteristics

variables are significant and positive in both the black and white hiring equations. We

observe that married individuals are more likely to be hired than single individuals. Sur-

prisingly, employers are more inclined to hire females than males, especially white females.

The female variable in the full sample is positive and significant for both white and blacks.

A plausible explanation may be that because of the Equal Employment Act and the re-

cent enforcement of anti-discriminatory legislation, employers are now more willing to hire

females in order to increase the male-female workers ratio in their establishments.

We also noted that the longer an individual wants to stay with an employer, the

more likely that that individual will be hired as employers in most cases are interested

in workers who are more committed to their jobs as evidenced by the significance of the

LENGTH variable in both the full sample and subsample equations. It is no wonder

that tenure with one’s employer is a major determinant in an employer’s hiring decision.

However, the employer does not consider tenure as an important factor in deciding to hire

either a black male or a black female. It is also important to note that the coefficients of

the REJECT, URATE and DURATION variables are in general significant and negative.

The employer views previous job rejections by an individual as a bad signal and may be
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unwilling to offer that individual the job. Individuals who have been looking for jobs for

a longer period of time may be viewed by employers in an unfavorable way. Employers

may associate longer durations of unemployment with depreciation of the individual’s

human capital characteristics, which signals a low individual productivity. This negative

perception is greater for blacks than for whites. Employers tend to reduce hiring when the

regional unemployment rates increase. In times of economic downturn, which imply high

unemployment rates, firms are less likely to hire new workers. With the exception of the

west, the demographic variables are generally not important in the firm’s hiring decision.

One observation is that blacks (excluding black females) are less likely to be hired in the

south compared to their counterparts in the northeast. Also, employers’ hiring decisions

of blacks are not based on whether blacks live in a metropolitan area or in a rural area.

5.3 The Wage Equation Estimates

Table 4 presents the maximum likelihood estimates of the double sample selectivity bias

adjusted wage equations for the six categories in the sample. The λi are the predicted

sample selectivity bias terms.

5.3.1 Estimates for all Whites and Blacks (full sample)

As expected, the individual’s wage determination process is influenced by all the

human capital variables. Education, experience and health have the expected signs. In-

dividuals with higher levels of education and more experience are rewarded with higher

wages, while those with poor health, which may lead to less productivity, are likely to be

paid less. However, with the exception of the health coefficient, the results indicate that

the returns on education and experience are larger for whites than for blacks. The wage-

age profile for both whites and blacks seems to exhibit a U-shaped pattern. The smaller

absolute coefficients of the age variable in the black equation suggest a flatter wage-age

profile for blacks. Being a female or married tends to reduce an individual’s wages, while
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individuals who work full-time receive higher wages. The full-time result is consistent with

the observed higher wages for full-timers compared to the wages of part-time workers. For

both blacks and whites, the worker’s tenure with the current employer exerts a positive

influence on the worker’s wages. However, tenure with current employers does not seem

to be important to the employer in determining the wages of blacks. We also observe

that for both blacks and whites, there is a tradeoff between flexible hours and workers’

wages. Firms that have flexible hours schedules tend to pay their workers less. Higher

local unemployment rates tend to depress wages. A plausible reason is that workers are in

a weaker position to bargain for higher wages in times of an economic downturn. Further

the results indicate that larger firms pay higher wages than smaller firms for both whites

and blacks.

All the industry variables are positive and significant in both the whites’ and blacks’

wage equations. This implies that the type of industry a worker is associated with de-

termines the worker’s wage. Unions exert a relatively more positive influence on whites’

wages than on blacks’ wages, and white workers in the public sector receive lower wages

than those workers in the private sector, while black workers receive higher wages in the

public sector than in the private sector. Generous pensions reduce whites’ and blacks’

wages. This result is consistent with the theory of compensating wage differentials that

predict a negative relationship between wages and pensions. Schillar and Weiss (1980)

found that less generous pension plans were offset by higher wages. The results of the

regional variables are mixed. White and black workers in the north central region are

paid less compared to workers in the northeast, while workers in the west are paid more

than those in the northeast. White workers in the south receive higher wages than their

counterparts in the northeast, but black workers in the south receive less wages compared

to blacks who work in the northeast. Whites and blacks working in the metropolitan areas

are compensated more than those who work in other localities. The different signs of the

coefficients on the duration variable for whites and blacks point to the fact that employers
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view blacks’ and whites’ absence from the labor market differently. The positive coeffi-

cients on the duration variable in the white wage equation are an indication that longer

unemployment duration enables whites to search for better paid-jobs as argued by search

models. That is, longer duration of unemployment spells tend to be associated with higher

postunemployment wages. The negative coefficient on the duration variable in the black

wage equation, on the other hand, indicates that employers view blacks’ longer duration of

unemployment as a sign of depreciation of their human capital, and of poor labor quality,

and hence the reason for employers to pay blacks lower wages.

Turning to the λ variables, we observe that the two sample selection terms are sta-

tistically significant in both the whites’ and blacks’ wage equations. This confirms our

suspicion that an estimation of blacks’ and whites’ wage equations, which are not adjusted

for an individual’s propensity to enter the labor force, and the firm’s preference for certain

workers, is likely to yield biased estimates. The results indicate that the sample selectivity

variables do affect blacks’ and whites’ wages differently.

5.3.2 Estimates for White Males and Black Males

All the human capital variables exert a strong influence on the wages of black males

and white males. Both black and white males receive higher wages with increases in

education and labor market experience. Black males, however, are paid less than white

males. Age and health problems have almost the same effects on both black and white

males’ wages. As these individuals get older in the labor market, their market wages

increase, but poor health diminishes their wages. Married white and black males receive

higher wages than single workers. However, marital status does not determine the wage

of the white males. Although both white and black male full-time workers receive higher

wages than male part-time workers, full-time white males are compensated more than full-

time black workers. Although tenure with the current employer may have a positive effect

on both blacks’ and whites’ wages, it does not seem to be a factor in the black male’s
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wage determination. Flexibility in hours within the firm does not influence males’ wages,

irrespective of race. White and black full-timers receive higher wages than their part-time

counterparts. The results indicate that full-time white males receive higher wages than

full-time black male workers. Higher local unemployment rates tend to reduce white and

black wages, but the negative effect is greater for blacks than for whites. Additionally, the

size of the firm has a strong effect on workers’ wages. As in the full sample, the larger the

firm, the higher the wage of the white and black males.

As in the full sample, all the industry variables play a major role in the black and

white male’s wage determination. In fact, wages tend to be high for workers in these

industries, especially for those in the manufacturing sector. Union membership has a

positive effect on males’ wages, while the availability of a pension plan with the employer

tends to reduce wages paid to male workers. Also, as in the full sample, public sector

employment influences whites’ and blacks’ wages differently. White public workers receive

lower wages than white workers in the private sector, while blacks working in the public

sector receive higher wages than those in the private sector. The regional variables have

almost the same impact on black and white males’ wages as well, except in the south, where

white males receive higher wages than white males in the northeast, but black males in the

south are paid less compared to black males in the northeast. Living in a metropolitan area

has a positive influence on blacks’ and whites’ wages. As in the case of the full sample, a

higher unemployment duration is associated with lower wages for blacks, but higher wages

for whites. The two sample selectivity bias variables have different signs in the black and

white males’ wage equations, but are all significant, which justifies their inclusion in both

the black and white male’s wage equation.

5.3.3 Estimates for White Females and Black Females

The results indicate that employers determine white and black females’ wages by con-

sidering their human capital attributes. Both white and black females’ wages increase
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with higher levels of education as well as experience. However, the size of the coefficients

is slighly smaller for the black variables than the white variables. The wage reduction in

response to poor health is the same for blacks and white females. The effect of the age, mar-

ital status, tenure, flexible hours, local unemployment rate and the full-time employment

variables are almost the same for white and black females. We note that, while flexible

hours are important in determining females’ wages, it is not significant in the males’ wage

equations. Also, while marital status has a positive effect on male workers’ wages, it exerts

a negative influence on female workers’ wages. A possible explanation is that employers

may see married females as having other household responsibilities that may interfere with

their jobs and their productivity. Similarly, all the industry variables and the size of the

firm in both the white and black females’ equations are significant and positively related

to their wages. The only difference is that for these variables the sizes of the coefficients

are smaller for blacks than for whites.

Both white and black females enjoy wage increases as union members, as well as

being employed in the public sector. Pension plans have no effect on females’ wages. The

regional variables have different effects compared to the effects on the white and black

male’s wage equation. In particular, while working in the south or in the north central

is an important factor in determining a white females’ wages, it is not important in the

black female’s wage determination. However, both white and black females working in

a metropolitan area receive higher wages than those who work in rural areas. Longer

unemployment spells tend to reduce the wages of both white and black females’ wages.

The sample selectivity bias variables are statistically significant in both the white and

black female’s wage equation, which suggests that their exclusion in the wage equation

should not be ignored.

5.4 Decomposition of the White and Black Wage Differentials

The extent to which the sample selectivity bias term and other variables in the wage
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equation influence the wage differentials between white and black workers can be inves-

tigated by substituting the estimates in Table 4 and the mean values of the variables in

equation (1) into equation (12). Table 5 provides the total estimated wage differential and

the algebraic contribution of the sample selectivity bias (λ) variables, and other variables

in the wage equation on the wage differential between whites and blacks. In Table 5 a pos-

itive entry indicates an advantage to whites, while a negative entry indicates an advantage

to blacks. A positive entry also implies that the variable helps to widen the wage gap while

a negative entry means that the variable shrinks the wage gap. Since the main interest in

the study is to assess how sample selectivity bias in the wage equation affects the wage

differential, equation (8) is re-estimated in two ways: (i) including only the selectivity bias

due to labor force participation’ λ1 (single selection), and (ii) excluding both the sample

selection biases due to an individual’s participation and a firm’s hiring decisions, λ1 and

λ2 (no selection). The total effect of all the variables together is positive, which is an

indication of the advantage white workers enjoy over black workers in compensation.

Results indicate that the total wage differential between whites and blacks decreases

as the wage equation is adjusted for selection bias. As more sources of selection bias are

identified and corrected in the wage equation, the black-white wage differential decreases.

For instance, in the full sample, the estimated black-white wage differential decreases by

about 30.9 percent (from 11 to 7.6 ) if a single selection variable (λ1) is included in the wage

equation, and decreases by 33.6 percent (from 11 to 7.3) if both λ1 and λ2 are included

in the wage equation. Similarly, both the black-white male’s and black-white female’s

wage differentials decrease as the wage equation is adjusted for more selection biases. It

is noted that the reduction in the wage differential is larger for the male cohort than for

females. While the reduction in the black-white male’s wage differential is 17.2 percent

and 30.3 percent for no-selection and single selection, respectively, the corresponding wage

differentials are 2.1 percent and 7.2 for black-white females. The implication of these results

is that the measured black-white wage differential is likely to be overstated if selection bias
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effects are ignored in the wage equation.

It is also observed that the black-white female’s wage differential is much larger than

the black-white male’s wage differential when the wage equation is corrected for selection

bias. This differential increases as the wage equation is adjusted for more selection biases.

With only one selection bias variable (λ1), the black-white female’s wage differential is

larger than the black-white male’ wage differential by about 12.1 percent, and by 26 percent

with double selection bias variables. However, the black-white male’s wage differential is

much larger than the black-white female’s wage differential when the wage equation is not

adjusted for selection bias. This result is consistent with studies in the literature that find

the same result (Heckman et al., 2000; Chandra, 2000).

Turning to the contribution of the selection bias variables and other variables in the

model, we see that the selection variables explain a mild proportion of the wage differential

between blacks and whites. In the full sample, the two selection bias variables alone (λ1

and λ2) account for about 4.26 percent of the black-white wage differential in the full

sample double selection wage equation.8 This is quite substantial considering the number

of variables included in the wage equation. The results also show that the selection bias

variables are smaller in the black-white female’s wage differential than in the black-white

male’s wage differential. This seems to suggest that the labor force participation rates or

decisions for black and white females may be similar, but that there may be differences in

the black and white males’ participation rates.

It is important to note that for both the full sample and all subsamples, differences

in coefficients account for more of the observed mean wage differentials than do differ-

ences in characteristics of the whites and blacks. This result is not inconsistent with the

highly significant difference between the wage equation estimates of the white and black

8 The percentage contribution of the sample selectivity variables is calculated as the contribution out

of the total contribution in each sample group multiplied by 100. For example, the total contribution of

λ1 for the full sample in the double selection model is: (0.155/7.298)*100=2.12 percent.
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workers. In other words, the primary factor driving the wage differences is the rate at

which the attributes or the characteristics are compensated, and not as much the attribute

itself. It should also be noted that white workers are more endowed with wage-enhancing

characteristics than are black workers.

Although the percentage contribution of the selectivity bias variable to the wage dif-

ferential is very small in the female sample, the positive entry of the selectivity bias variable

suggests that if the wage equation is not adjusted for sample selectivity bias, the wage dif-

ferential will be underestimated, and the negative selection values indicate that the wage

differential will be overestimated if the selection bias term is ignored in the wage equation.

6. Conclusions

This paper has argued and shown that an estimation of the wage equation that does

not address both biases due to the individual’s labor force participation decision and the

firm’s hiring decision will not only produce biased estimates, but also that the wage dif-

ferential between blacks and whites is likely to be overestimated or underestimated. The

empirical evidence indicates that the two sample selection bias variables are significant in

the wage equations of all the samples considered in the study. In the full sample double

selection model, the biases due to an individual’s self-selection in the labor force and the

firm’s self-selection of workers accounts for about 2.12 percent and 2.16 percent, respec-

tively, of the wage differential between whites and blacks. This a clear manifestation that

a firm’s hiring practices are equally important as an individual’s labor force participation

decision in explaining the black-white wage gap.

The study also sheds light on an interesting black-white wage differential issue in the

literature. While the unadjusted black-female wage differential is estimated to be larger

than the black-white male’s wage differential, the findings of this paper indicate that in fact

the selectivity adjusted black-white male’s wage differential is smaller than the selectivity

adjusted black-white female’s wage differential. In addition, the double selection model
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indicates that the wage determination processes of blacks and whites in the full sample and

sub-samples do differ. We also find differences in the hiring equations for blacks and whites

full sample as well as in the sub-samples. However, the test results indicate that the labor

force participation decisions of black and white females are similar. The study has a clear

public policy implication: At the macro level, the enforcement of policies related to racial

issues in the labor market may help reduce the black-white wage gap. Also, a mixture of

policies designed to encourage black males’ labor force participation and enforcement of

anti-discriminatory labor laws may be effective in reducing the black-white males’ wage

differential.
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