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Abstract

This paper revisits the study of Lazear and Moore [Q. J. Econ. 99 (1984) 275], which found that

empirical experience–earnings profiles were flatter for self-employed (SE) workers than salary/wage

(SW) workers. This finding supports Lazear’s contract theory, which argues that firms use life-cycle,

backloaded payment systems to work around principal–agent problems between firms and workers.

This paper reproduces the Lazear and Moore findings on more recent data and argues for an

alternative interpretation. In particular, this paper argues that self-employed workers face more wage

variation, but also enjoy a higher return for human capital than salary/wage workers. A model based

on these assumptions produces flatter experience–earnings profiles, since self-employed workers

start their careers with more human capital. Due to opportunity cost, they invest less in human capital

on the job. This paper develops implications of the model not found in the Lazear contract theory and

concludes by developing support for these implications.
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1. Introduction

Workers’ wage growth with work experience is one of the most robust empirical

findings in economics. Lazear (1979) explained wage growth among salary/wage workers

based on his contract theory. According to this theory, workers’ behavior is not perfectly
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observed, and workers’ shirking is detected only by chance. According to Lazear, it is

optimal for employers to pay their employees less than the workers’ marginal product

when the workers are young, and more than the workers’ marginal product when they are

old. This payment system discourages workers from shirking: workers are fired when the

shirking is detected, thus, they cannot receive their money back.

The human capital theory also predicts wage growth with work experience because of

workers’ skill formation. Since Lazear’s contract theory and the human capital theory are

not mutually exclusive, it is very difficult to attribute observed wage growth to either

model exclusively.

As an indirect test of Lazear’s contract theory, Lazear and Moore (1984) (LM,

hereafter) compared the wage growth of salary/wage workers and self-employed workers.

Since self-employed workers have no incentive to shirk, the wage growth of self-

employed workers can be attributed to their human capital accumulation. Assuming iden-

tical human capital accumulation between salary/wage (SW) workers and self-employed

(SE) workers, the contract theory can explain the difference of wage growth between SW

workers and SE workers. In fact, LM found a steeper wage–experience profile among SW

workers than SE workers and used this finding as evidence to support Lazear’s contract

theory.1

Several other theories explain wage growth on the job. Salop and Salop (1976)

proposed that workers have heterogeneous probabilities of quitting their jobs, and this

is their private information. When workers quit, it is costly for firms because they must

then train new workers. It is, therefore, optimal for firms to use a tilted-up wage profile as

a screening device, so that only workers with low probabilities of quitting apply for jobs.

According to their theory, self-employed workers have flatter wage profiles than those of

salary/wage workers because self-employed workers do not have to utilize a tilted-up wage

profile as a screening device. Since Salop and Salop’s theory and Lazear’s contract theory

render the same prediction about the difference between SE and SW workers, we cannot

distinguish between those two theories only through looking at the two types of wage

profiles.

Jovanovic (1979) developed a model that argues that workers gradually learn the

quality of job match that is specific to particular workers and their respective jobs, and

workers who realize they have a poor match quit their jobs. Since workers with poor job

matches quit, wages rise among job stayers. In this situation, the average wage growth

among job stayers depends on how fast the workers who realize the poor job match change

their jobs. As several studies show, SE workers tend to invest in their own businesses at

the start up.2 Part of the investment is arguably sunk. Consequently, SE workers who

1 LM, in fact, estimated a wage equation for each occupation and found a positive correlation between the

present value of lifetime earnings and the slope of wage–experience profiles among SW workers but not among

SE workers. They interpreted this as evidence of the productivity-enhancing effects of a deferred payment system

among salaried workers. However, lifetime income was calculated based on the estimated coefficients of a wage

equation that included an experience term. Therefore, when the slope coefficient is nearly 0, which was the case

for self-employed workers in many occupations in their study, lifetime income is determined regardless of the

slope coefficient. Thus, the difference between wage–experience profiles was crucial when deriving their results.
2 See Dunn and Holtz-Eakin (2000), for example.
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realize they have a poor job match are less likely to change their jobs than SW workers due

to the income flow generated from their investment. In this sense, SE workers are ‘‘foot

fixed’’ workers, while salary/wage workers are ‘‘foot loose’’ workers. Thus, Jovanovic’s

theory may also explain Lazear and Moore’s finding.

These discussions show that Lazear’s, Salop and Salop’s and Jovanovic’s theories can

all potentially explain the observed flatter earnings profiles of SE workers as compared

with SW workers. Among the alternative explanations for LM’s findings, the human

capital theory is exclusively pursued in this paper because this theory does not require any

type of informational imperfection. It would be most striking to obtain the theoretical

prediction consistent with LM’s finding, assuming perfect information. Accordingly, the

purpose of this paper is to propose a model that predicts the flatter earnings-tenure profile

among SE workers based only on the human capital theory.

To develop this model, two crucial aspects of self-employment that differentiate it from

salary/wage jobs are considered. First, the larger variation in income compared with that

experienced by SW workers, and second, the higher return for human capital than that of

SW workers. Modeling these two characteristics of SE workers’ wage determination with

workers’ risk aversion, workers’ optimal human capital investment decision produces a

steeper wage profile among SW workers, as LM observed. In this model, the workers

choose to be SW or SE in the first period. Since to be SE is risky, workers with high

human capital select SE because the higher return for human capital compensates for the

risk. Under the convexity assumption of human capital production, workers with higher

human capital invest less in their human capital on the job due to higher opportunity cost.

Thus, SE workers, who have higher human capital as a result of self-selection, tend to have

a flatter wage profile compared with SW workers because they have less human capital

investment on the job.

The structure of the rest of this paper is as follows. Section 2 examines the wage risk

for SE workers, since the wage risk of self-employment is a crucial assumption for the

main conclusion. Section 3 introduces the model of human capital accumulation under

the income risk. Section 4 provides evidence consistent with the model. Section 5

concludes.

2. Replication of Lazear and Moore’s (1984) results and the wage risk of

self-employed workers

2.1. The model and estimation

In this section, I replicate the results obtained by LM using a different data set and test

whether the wages of SE workers are more volatile than those of SW workers.

Data for the years 1985–1998 were taken from NLSY79. The sample is restricted to

white males and is used to estimate the model:

ln wit ¼ Xitb1 þ b2sit þ sitðXit � X̄ Þb3 þ ci þ uit; ð1Þ
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where wit is the hourly wage rate3 and Xit is a vector of standard control variables in a

Mincer-type wage equation and X̄ is a vector of the sample mean of each explanatory

variable.4 sit is a dummy variable that takes one if the worker is self-employed and ci is

individual heterogeneity. The interaction of Xit and the self-employed dummy is included

to replicate LM’s findings. The model is estimated by both pooled OLS and fixed effects

(FE), assuming E[uitjXi, si, ci] = 0, where Xi=[Xi1, . . ., XiT]. The estimation results appear in

the first and second columns of Table 1. The return to experience among SE workers

(about 7% for the first year) is almost 60% of that of SW workers (about 11% for the first

year). In addition, there is almost no return to tenure among SE workers, while SW

workers enjoy a return of 3.2% for the first year of tenure. The difference in hourly wage

between SW workers and SE workers is evaluated at various points of experience and

tenure. SE workers enjoy a SE premium when they start their businesses, but this SE

premium declines due to lower return to experience and tenure. This lower return to tenure

among SE workers might be explained by the Lazear contract theory or by the fact that

they have less on-the-job human capital investment than SW workers. However, lower

return to general work experience among SE workers can be explained by less human

capital investment among SE workers but not by the Lazear theory, since it only explains

the higher return to tenure among SW workers due to an implicit incentive contract.

Similarly, Salop and Salop’s theory cannot explain lower return to experience among SE

workers; this theory only explains the return to tenure. Moreover, even if SE workers are

‘‘locked’’ into their jobs due to their investment made at the time of business start up,

Jovanovic’s theory explains lower return to business tenure but does not explain lower

return to experience among SE workers. These results were not found in LM because they

only used potential experience as an explanatory variable; they did not use tenure because

CPS does not record job tenure.

Using the residual of the previous fixed effects estimation as the dependent variable,

û2it ¼ c0 þ c1sit þ ai þ vit; ð2Þ

is estimated.5 Since we are interested in the wage variation faced by an individual, I used

residuals from the fixed effects wage regression to create a measure of wage variation.

5 Essentially, this is Breush–Pagan’s test for heteroscedasticity.

4 The variables included in the regression appear in Table 1. The variable names are self-explanatory.

3 Hourly rate of pay is constructed by the Center for Human Resource Research (CHRR) based on

respondents’ usual earnings (inclusive of tips, overtime and bonuses, but before deductions) per hour, day, week

or month. Then, these earnings are divided by the number of hours worked in the corresponding time unit. It is

possible that hours worked might be measured with substantial error among SE workers and, therefore, the wage

rate among SE workers could be subject to larger measurement error. However, the analysis in the next section

shows that the measurement error that is correlated with SE status does not affect the conclusion in this section.

CHRR requests wages/salaries/tips income and business/firm income, along with other income information, from

both SW workers and SE workers. Thus, this addresses the concern that SE workers’ earnings contain capital

income, in addition to labor income, which is the main concern regarding the measurement of income among SE

workers when CPS is used. Therefore, the measurement of earnings for SE workers in NLSY79 is as valid as

those in SIPP that were used by Hamilton (2000). Although Hamilton (2000) also used the earnings that include

capital gain as an alternative earnings measure of SE workers, I just focus on the labor earnings of SE workers

here.
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Table 1

The replication of Lazear and Moore’s (1984) findings and the risk of self-employed workers

Dependent variable Model

(1) (2) (3) (4) (5) (6)

OLS

(ln wage)

FE

(ln wage)

OLS

(residual2

of (2))

FE

(residual2

of (2))

OLS

(residual2

of (2))

FE

(residual2

of (2))

Education 0.070

(0.003)

– – – – –

Experience 0.063

(0.005)

0.112

(0.008)

– – – –

Experience2/100 � 0.120

(0.026)

� 0.187

(0.019)

– – – –

Tenure 0.052

(0.004)

0.032

(0.003)

– – – –

Tenure2/100 � 0.250

(0.029)

� 0.198

(0.020)

– – – –

Self-employed 0.032

(0.033)

0.086

(0.018)

0.237

(0.041)

0.189

(0.038)

0.201

(0.056)

0.172

(0.046)

Self � ðeduc� educÞ � 0.007

(0.011)

– – – – –

Self � ðex� exÞ � 0.043

(0.020)

� 0.043

(0.012)

– – – –

Self � ðex2 � ex2Þ=100 0.193

(0.088)

0.146

(0.049)

– – – –

Self � ðten� tenÞ � 0.054

(0.016)

� 0.031

(0.009)

– – – –

Self � ðten2 � ten2Þ=100 0.243

(0.100)

0.228

(0.057)

– – – –

ðself � self iÞ2 – – – – 0.133

(0.092)

0.059

(0.090)

Constant 5.566

(0.058)

– 0.147

(0.009)

– 0.145

(0.088)

–

Observations 23,887 23,887 23,887 23,887 23,887 23,887

No. of individuals – 2715 – 2715 – 2715

R2 0.31 – – – – –

Wage of SE�wage of SW

0 year experience

and 0-year tenure

0.343

(0.107)

0.357

(0.061)

5 years experience

and 5-year tenure

� 0.034

(0.059)

0.080

(0.032)

10 years experience

and 10-year tenure

� 0.192

(0.062)

� 0.011

(0.035)

(1) Standard errors for coefficient estimates are in parentheses. For OLS estimates, standard errors are corrected

for the panel clustering.

(2) The dependent variable in each regression (3)– (6) is the squared idiosyncratic residual of the regression (2).

(3) Year dummies are included, but coefficients are not reported.

(4) Wage of SE�wage of SW is evaluated at the sample mean of education, which is 13.107.
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Model (2) is estimated by both OLS and fixed effects, considering the possibility that

workers with high volatility due to an intrinsic reason self-select into SE. We are

interested in if c1 = 0. The results of the OLS and fixed effects estimation appear in

Table 1, columns (3) and (4). By using the results of the OLS regression, we can say that

the conditional wage variance among SE workers is about 2.6 times larger than that of the

salaried workers. The results are essentially the same for both OLS and fixed effects.

From this evidence, we conclude that being a SE worker is riskier than being a SW

worker.

2.2. Issues of measurement error

There is a possible flaw in the previous analysis due to measurement error in the wages

of SE workers. Smaller return to experience and tenure among SE workers may be due to

measurement error in the wages of SE workers that are systematically correlated with

experience or tenure. It is also likely that larger conditional variance of wages among SE

workers is due to measurement error. Joulfaian and Rider (1998) report that SE workers

underreport their income by 18% on average, using the Tax Payer Compliance Measure-

ment Program data collected by the IRS. Although respondents have no incentive to avoid

taxation by underreporting their income in the case of NLSY, underreporting is still

possible because respondents may refer to their tax forms to report their income.6 The

following analysis explicitly discusses the issue of measurement error. The model with

measurement error is the following:

lnwit* ¼ Xitb1 þ b2sit þ sitðXit � X̄ Þb3 þ ci þ eit; ð3Þ

lnwit ¼ lnwit*þ di þ bisit þ uit; ð4Þ

where wit is reported wage rate, wit* is actual wage rate, di is an individual specific

tendency to misreport wages regardless of employment status and bi is an individual

specific tendency to misreport wages when the respondent is self-employed. The

assumption that these individual tendencies are time-invariant is crucial in the following

discussion. These tendencies (bi, di) and errors in equations (eit, uit) are assumed to be

independent. The assumptions on error terms, E[eitjbi, ci, di, Xi, si] = 0, E[uitjbi, ci, di,
Xi, si] = 0 and E[eit

2jbi, ci, di, Xi, si]=(1 +/sit)re
2 are assumed. To test whether SE

6 In addition to the measurement error due to underreporting, measurement error of hourly rate of pay can be

introduced through the division of (daily, weekly or monthly) earnings by hours worked in the corresponding

period. Since hours of work may be more erroneous among SE workers, the measurement error for hourly rate of

pay can be correlated with the SE dummy. However, the argument in this section carries over if the individual

tendency to misreport hours worked is constant while a worker is in the same type of job.
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workers face the larger risk, we are interested in if / = 0. The model that is actually

estimated is

ln wit ¼ Xitb1 þ b2sit þ sitðXit � X̄iÞb3 þ ci þ eit þ di þ bisit þ uit: ð5Þ

Applying the fixed effects transformation, we obtain

ln wit� ln w̄i ¼ ðXit� X̄iÞb1þb2ðsit � s̄iÞ þ ðsitXit � siXiÞb3 þ eit þ biðsit � s̄iÞ þ uit

(6)

In this situation, the fixed effects estimator is not a consistent estimator, since

plimb̂2 = b2 + b, where b =E(bi). Thus, the fixed effects estimator of b2 estimates the

lower bound of b2, given b < 0.

Another possible measurement error arises from the fact that SW workers and SE

workers may report income differently. SE workers may report return for physical capital

of their own business as their wages; they also may subtract the cost of physical

investment in their own businesses from their wages. It is likely that SE workers invest

in physical capital when they start their businesses and collect the return later. If this is the

case, then the wages of short-tenured SE workers are understated and the wages of long-

tenured SE workers are overstated. Due to this measurement error, the return to tenure

among SE workers may be overestimated. Despite this possibility of upward bias, the

estimated return to tenure among SE workers is almost zero.

The conditional variance of measurement error may also depend on self-employment sta-

tus through the effect of bi. Defining the error term in Eq. (6) as hit = eit+ uit+bi(sit�s̄i), then

E½h2itAXi; si	 ¼ ð1þ /sitÞr2
e þ r2

u þ ðsit � s̄iÞ2E½b2i AXi; si	: ð7Þ

The last term tells us that the job status changer tends to have a larger variance.

Assuming E[bi
2jXi, si] = rb

2, regressing the residual of the fixed effects wage equation on sit
and (sit� s̄i)

2 renders consistent estimators of / and rb
2. The OLS and fixed effects

estimates appear in columns (5) and (6) of Table 1. Although the estimate of / diminishes

slightly, it is still large and statistically significant. Therefore, we still conclude that being a

SE worker is riskier than being a SW worker.

3. The model

Let us suppose that each worker lives for two periods and is endowed with one unit of

time for each period. Each worker knows his ability in the first period. Each worker then

has the following preference with constant absolute risk aversion:

Ûi ¼ �exp½�cðwi1 þ wi2Þ	 ð8Þ

where c is the degree of the worker’s absolute risk aversion, which is assumed to be identical

across workers, andwit is the wage offer for worker i at time t. The wage offer depends on job

choice, meaning, whether the worker is self-employed or a salaried worker. The wage offer

for job j is

witj ¼ bjð1� nitÞhit þ eitj; eitjfNð0; r2
j Þ for j ¼ SE; SW; ð9Þ
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where hit is the human capital of worker i at period t, nita[0,1] is the portion of time devoted

to the human capital accumulation by worker i at time t. The initial human capital hi1 is

given as an endowment for each worker and includes human capital accumulated through

education and innate ability.7 The human capital for both periods is assumed to be general

across the jobs. The parameter bj, which is exogenously given by the workers’ labor market,

is the unit price of human capital in job j. The random variable eitj is a shock to the wage.

This model assumes eitj is independently distributed across individuals, time and two jobs.

Taking the expectation of the lifetime utility and using the ordinal property of utility

function,

EU ¼ bjð1� ni1Þhi1 � ðc=2Þr2
j þ bjð1� ni2Þhi2 � ðc=2Þr2

j ð10Þ

is obtained.8 Each worker has access to the following human capital accumulation

technology:

hi2 ¼ hi1 þ dðni1hi1Þa; aað0; 1Þ; ð11Þ

where d is efficiency of human capital investment on human capital accumulation.9 The

parameter a represents a worker’s learning ability, which is assumed to be identical for all

workers. This shows that workers with greater human capital produce more additional

human capital, but the effect diminishes, since aa(0,1).

Two assumptions are made that distinguish SW and SE workers.

Assumption 1 . rSE
2 >rSW

2 , i.e., the wages of SE workers are more volatile than those of

SW workers. The empirical evidence supports this assumption, as seen in the previous

section.

Assumption 2 . bSE>bSW, i.e., the return for human capital is higher for SE workers than

for SW workers. This assumption is justified by the higher returns to education among SE

workers than SW workers in previous studies that utilized Census data.10 For example,

Fairlie and Meyer (1996) found 0.090 as the return to education among SE workers, while

they found 0.059 among SW workers. The data used in this study did not indicate a higher

return to education, but this might be because of its smaller sample size.

Under these assumptions, workers maximize their lifetime expected utility (Eq. (10)) by

choosing ni1 and a career path ({ j}t = 1
2 ) under the constraint of human capital accumulation

technology (Eq. (11)).11 Since indirect utility from the career path of SE–SW is always

dominated by the indirect utility from other career paths, we should consider the three

possible career paths of SE–SE, SW–SW and SW–SE.

7 While recognizing the endogeneity of educational decisions, I have treated this as given since the main

interest of this analysis is on-the-job human capital accumulation.
8 See Appendix A for derivation.
9 This functional form of human capital accumulation is standard in the literature. See Heckman (1976).
10 See Borjas and Bronars (1989) and Fairlie and Meyer (1996). In particular, Fairlie and Meyer (1996) used

the 1990 Census Public Use Microdata 5% sample that contains a 14,881 SE sample and 100,514 SW sample.
11 As a result of optimization, ni2 = 0 is trivially chosen.
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The optimal human capital investment time, ni1, is

ni1 ¼
ðdaÞ

1
1�ah�1

i1 ; for job stayers:

ð bSE
bSW

Þ
1

1�aðdaÞ
1

1�ah�1
i1 ; for job changers:

8<
: ð12Þ

These solutions show that human capital investment time decreases the level of initial

human capital.12

By substituting the optimal ni1 in the objective function of each career path, the

following indirect utility functions are obtained for each career path for each individual i.

vj�jðhi1Þ ¼ 2bjhi1 � cr2
j þ bjd

1
1�aða a

1�a � a
1

1�aÞ for j ¼ SE; SW; ð13Þ

vSW�SEðhi1Þ ¼ ðbSW þ bSEÞhi1 � ðc=2Þðr2
SW þ r2

SEÞ þ b
�a
1�a
SWb

1
1�a
SE d

1
1�aða a

1�a � a
1

1�aÞ
ð14Þ

These expressions tell us that the choice of career path depends on each worker’s level

of initial human capital. The relationship between lifetime utility for each career path and

initial human capital is graphed in Fig. 1. This graph shows that the lifetime utility of

being a SE worker is higher than being a SW worker for the high human capital worker. In

addition, the graph shows that the worker with a ‘‘medium’’ level of human capital

switches jobs in the middle of his career.

Workers with higher initial human capital select self-employment. This selection affects

the wage growth of SE and SW workers. The ‘‘average’’ wage growth for each career path

is13

gj�j ¼
Ew2j

Ew1j

¼ hi1 þ d1=ð1�aÞaa=ð1�aÞ

hi1 � d1=ð1�aÞa1=ð1�aÞ
for j ¼ SE; SW; ð15Þ

gSW�SE ¼ Ew2SE

Ew1SW

¼ bSE

bSW

hi1 þ d1=ð1�aÞððbSE=bSWÞaÞa=ð1�aÞ

hi1 � d1=ð1�aÞððbSE=bSWÞaÞ1=ð1�aÞ : ð16Þ

If the initial level of human capital is given, the wage profiles of the SE workers and the

SW workers are identical. However, what we observe is gSE–SE < gSW–SW because the SE

workers’ hi1 are higher than those of the SW workers. Thus, the observed difference

12 There are two factors related to the initial human capital level and human capital investment. First, from

Eq. (11), workers with higher human capital more productively accumulate human capital. However, this effect is

diminishing because the term (ni1hi1) is exponentiated by aa(0,1). Second, workers with higher human capital

pay more opportunity costs in their human capital investment, which is bjni1hi1. The marginal benefit of

investment diminishes in hi1, but the marginal cost is constant in hi1; thus, workers with high hi1 choose lower ni1.

The convexity of the human capital production function is the crucial assumption for deriving this result.
13 Although the expected value of a ratio is not a ratio of expected values, this measure gives us a rough idea.
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between wage profiles is the result of the workers’ heterogeneity in the initial level of

human capital.

4. Supporting evidence for the model

4.1. SE workers have higher human capital

The theory discussed in the previous section predicts that workers with higher human

capital select self-employment. With respect to observable characteristics, several studies

report that workers with higher levels of education are more likely to be self-employed.14

It is an accepted fact that workers who have self-employed fathers are more likely to be

SE workers than those who do not, even after controlling for inheritance.15 In particular,

Dunn and Holtz-Eakin (2000) emphasize the importance of the intergenerational trans-

mission of human capital, rather than the mitigated liquidity constraint, to explain this

finding. They found that a parents’ self-employed status had a very large effect on the son’s

selection into self-employment, even after controlling the amount of the parents’ assets.

They also found that the sons of successful, self-employed workers are likely to be self-

employed. From this finding, they conclude that the transmission of human capital is the

important channel for explaining the intergenerational correlation of self-employment

14 See Borjas and Bronars (1989) and Evans and Leighton (1989).
15 See Lindh and Ohlsson (1996), Blanchflower and Oswald (1998), Hout and Rosen (2000) and Dunn and

Holtz-Eakin (2000). By controlling for inheritance, the researchers try to partial out the effect of the liquidity

constraint.

Fig. 1. Lifetime utility of each career path and initial human capital. SE = self-employed workers. SW= salary and

wage workers.
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status.16 These results support the prediction of the model presented here: self-employed

workers experience lower wage growth because of their higher level of initial human capital.

4.2. Less human capital accumulation among SE workers

The model predicts less human capital accumulation among SE workers. This

prediction can be directly tested by comparing the recorded human capital investment

behavior of SE and SW workers. School attendance or participation in training while

working are good measures of human capital investment. The NLSY79 began to record

participation in training in a consistent way after the 1988 survey; thus, the analysis

sample in this subsection is restricted to the years after 1988. This restriction reduced the

sample size to 17,825 for the school enrollment analysis and 17,818 for the training

participation analysis. This restriction also largely excludes college students who have

part-time jobs, since respondents were at least age 24 in 1988.

First, school enrollment while working is analyzed. Table 2 tabulates any school

enrollment since the previous interview by the types of jobs. While 9% of SW workers

were enrolled in school between the previous and current interviews, less than 6% of SE

workers had been enrolled. To control the difference in the characteristics of SW and SE

workers, school enrollment was regressed on the self-employment dummy, as well as

observed characteristics, by OLS. A fixed effects linear probability model was also

estimated to deal with individual heterogeneity. Both OLS and FE results, which appear in

Table 3, indicate that SE workers are about 2 percentage points less likely to enroll in

school than SW workers, while the average enrollment rate is about 8.7%.

Second, participation in training is analyzed. Participation in training is not straightfor-

wardly comparable between SE and SW workers, since some training programs that take

place in the SE sector may be unrecognized because they are informal. To work around this

problem, Table 4, Panel A provides categories of different training programs in which

workers participate. On-the-job training (‘‘Apprenticeship program,’’ ‘‘Formal company

training run by employer or military training,’’ or ‘‘Seminars or training programs at work

not run by employer’’) may not be comparable between SE and SW workers since those

training programs are less likely to exist in the SE sector in a formal fashion. Consequently,

actual participation in comparable informal programs by SE workers may be misclassified

as nonparticipation. On the other hand, participation in off-the-job training (‘‘Business

Table 2

School enrollment by sector (1988–1998)

Salary and wage Self-employed Total

Enrollment rate 9.01 5.60 8.67

N 16,021 1804 17,825

(1) The workers who were enrolled in school at any time between the last interview date and the current interview

date are classified as ‘‘enrolled.’’ This does not necessarily imply current enrollment.

(2) Only observations after 1988 are included in the sample. The youngest respondents were 24 in 1988.

16 Although their findings may imply the transmission of human capital that is specific to the SE worker, the

theoretical discussion made in this paper still holds, since the worker with any kind of higher human capital

experiences lower wage growth.
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school,’’ ‘‘Vocational or technical institute,’’ ‘‘Correspondence course,’’ ‘‘Seminars or

training programs outside of work’’ and ‘‘Vocational rehabilitation center’’) is comparable

between SE and SW workers because the definitions of these training programs can be

presumed to be identical for both SE and SW workers. Table 4, Panel A shows that 18.91%

of SW workers participated in these training programs, compared with 9.21% of SE

workers. To control the difference in observed characteristics between SE and SW workers,

linear probability models with and without fixed effects are estimated. The OLS result that

appears in column (1) of Table 5 indicates that SE workers are 9.7 percentage points less

likely to participate in training, while the FE result that appears in column (2) of Table 5

indicates that SE workers are 5.0 percentage points less likely to participate in training.

Restricting our interest to off-the-job training (Off-jt, hereafter) renders the same

picture, although the difference is largely reduced. While 6.20% of SW workers participate

in Off-jt, 5.00% of SE workers do. The OLS result that appears in column (3) of Table 5

indicates that SE workers are 1.2% points less likely to participate in Off-jt, while FE

result (column (4) of Table 5) indicates a 1.0% point reduction. All of these results indicate

that SE workers are less likely to participate in training and, accordingly, invest less in

their human capital on the job.

The model also predicts that SW workers who become SE in the second period invest

more in their general human capital in the first period because of the lower opportunity cost

of human capital investment and the higher return to human capital. To test this theoretical

prediction, using SW workers as the sample, participation in training is regressed on the

dummy variable that indicates future SE status and other controls by OLS.17 The result of the

estimation appears in column (5) of Table 5, but this result indicates that future SE workers

are less likely to participate in training in general. This result does not necessarily contradict

the theory because SWworkers who become SE in the future may invest less in firm-specific

Table 3

Linear probability model of school enrollment; dependent variable: enrolled in school (yes = 1, no = 0)

(1) (2)

Mean of dependent variable 0.087 0.087

Method of estimation OLS FE

Self-employed � 0.024 (0.008) � 0.019 (0.009)

Education 0.026 (0.002) –

Experience � 0.015 (0.004) � 0.040 (0.006)

Experience2 0.045 (0.015) 0.081 (0.013)

Tenure � 0.012 (0.002) � 0.007 (0.002)

Tenure2 0.055 (0.011) 0.039 (0.012)

Constant � 0.138 (0.030) 0.508 (0.080)

Observations 17,825 17,825

R2 0.07 0.02

No. of ID – 2634

The same notes apply as those found in Table 2. Standard errors for coefficient estimates are in parentheses. For

the OLS estimates, standard errors are corrected for the panel clustering.

17 The future SE dummy varies within individuals for those who switch to SE and switch back to SW but

have no prospect to become SE again. Since identification based on those observations is weak, a fixed effects

estimation is not implemented.
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human capital. Thus, it is important to disentangle the investment in general human capital

from the investment in firm-specific human capital. Ideally, general human capital invest-

ment should be regressed on the future SE dummy and other controls. As an attempt to

implement this idea, participation in Off-jt or training whose cost is paid by workers or

government is regressed on the future SE dummy and controls. Knowing who paid for the

training is important because Becker’s traditional theory predicts that the training that

endows workers with general human capital is paid for by workers, while the cost of

investment in firm-specific human capital is shared by both workers and firms. Although

the training whose direct cost is paid by the employer might be paid for by workers

eventually through lower wages, the training whose direct cost is paid for by the employees

Table 4

Training participation by type of training and cost bearing (1988–1998)

Salary and wage Self-employed Total

Panel A: training participation by type of trainings

Did not participate in training 81.09 90.74 82.06

On-the-job training 11.67 3.61 10.85

Apprenticeship program 0.75 0.28 0.70

Formal company training run by

employer or military training

7.35 1.83 6.79

Seminars or training programs at

work not run by employer

3.57 1.50 3.36

Off-the-job training 6.20 5.00 6.07

Business school 0.29 0.33 0.29

Vocational or technical institute 1.45 0.67 1.38

Correspondence course 0.52 0.28 0.49

Seminars or training programs outside of work 3.71 3.55 3.69

Vocational rehabilitation center 0.14 0.11 0.13

Government training program 0.09 0.06 0.09

Other 1.05 0.67 1.01

N 16,014 1804 17,818

Panel B: training participation by type of cost bearing

Did not participate in training 81.09 90.74 82.06

Training cost paid by self or family 1.57 3.88 1.81

Employer 15.87 3.60 14.63

Job Training Program Act 0.14 0.11 0.14

Trade Adjustment Act 0.02 0.06 0.02

Job corps program 0.01 0.00 0.01

Work incentive program 0.01 0.00 0.01

Veteran’s administration 0.02 0.06 0.03

Vocational rehabilitation 0.09 0.00 0.08

Other 1.17 1.55 1.21

N 16,014 1804 17,818

(1) The results are based on the most recent participation in a training program that started between the last

interview date and the current interview date.

(2) Among the types of training, ‘‘Business school,’’ ‘‘Vocational or technical institute,’’ ‘‘Correspondence

course,’’ ‘‘Seminars or training programs outside of work’’ and ‘‘Vocational rehabilitation center’’ are classified as

‘‘off-the-job training.’’

(3) Trainings paid by ‘‘Self or family’’ and government programs are classified as ‘‘own cost training.’’
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or government arguably comprises the minimal amount of training that endows workers

with general human capital. The results of regressions of Off-jt and own/government-paid

training participation on future SE dummy and other variables appear in columns (6) and

(7) of Table 5. The participation in Off-jt does not differ significantly between SW workers

who stay in the firm and those who become SE in the future. However, future SE workers

are 1.4% more likely to participate in the training paid by him/herself or the government.

Considering that only 3.3% of SW workers participate in training paid by self/government,

the difference is large. This result implies that prospective SE workers invest more in

general (portable) human capital while they are SW workers, as predicted by the model

developed in this paper.

4.3. Both winners and losers select SE?

The model predicts a very simple selection rule: workers with high human capital select

SE. A sensible criticism of this prediction is that there are two kinds of SE workers. The

Table 5

Linear probability models of training participation

Dependent variable Sample

(1) (2) (3) (4) (5) (6) (7)

SE and SW SE and SW SW only

Training Off-the-job

training

Training Off-the-job

training

Own/

government

paid

Mean 0.179 0.061 0.179 0.061 0.033

Method of

estimation

OLS FE OLS FE OLS OLS OLS

S.E. � 0.097

(0.009)

� 0.050

(0.013)

� 0.012

(0.006)

� 0.010

(0.009)

– – –

Future self – – – – � 0.057

(0.012)

� 0.001

(0.008)

0.014

(0.006)

Education 0.024

(0.002)

– 0.008

(0.001)

– 0.024

(0.002)

0.006

(0.001)

0.000

(0.001)

Experience � 0.003

(0.004)

0.000

(0.009)

� 0.003

(0.003)

� 0.005

(0.006)

� 0.003

(0.005)

� 0.005

(0.003)

� 0.006

(0.003)

Experience2 0.023

(0.018)

0.010

(0.019)

0.020

(0.011)

0.016

(0.013)

0.020

(0.025)

0.025

(0.016)

0.019

(0.012)

Tenure 0.006

(0.003)

� 0.006

(0.003)

� 0.001

(0.002)

� 0.002

(0.002)

0.008

(0.003)

� 0.001

(0.002)

� 0.005

(0.001)

Tenure2 � 0.038

(0.018)

0.025

(0.017)

0.009

(0.012)

0.022

(0.012)

� 0.049

(0.025)

0.014

(0.016)

0.022

(0.008)

Constant � 0.148

(0.032)

0.195

(0.120)

� 0.035

(0.018)

0.117

(0.079)

� 0.103

(0.037)

0.000

(0.021)

0.095

(0.017)

Observations 17,818 17,818 17,818 17,818 13,671 13,671 13,671

R2 0.04 0.01 0.01 0.00 0.03 0.01 0.01

No. of ID – 2634 – 2634 – – –

The same notes apply as those in Table 2. Standard errors for the coefficient estimates are in parentheses. For the

OLS estimates, standard errors are corrected for the panel clustering.
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first kind is an eligible entrepreneur, and the second kind is the SE worker who is not

qualified to work for a firm and is forced to work by himself. If this story describes the real

world, it is not surprising that the latter group experiences less wage growth, since the less

eligible workers have less learning ability.

To examine this possibility, I studied the distribution of ability among SE and SW

workers. If there is a ‘‘two-tail selection rule’’ among SE workers, we should find a

bimodal distribution of ability among SE workers that has two peaks: at high and low

ability. As a proxy for ability, I used the AFQT89 (Armed Force Qualifying Test) score

that is contained in NLSY79. The result of the kernel density estimation of the distribution

of test scores for the SE and SW workers appears in Fig. 2. Comparing the two

distributions, we find bimodal distributions among SW workers and SE workers.

However, SW workers have peaks on high sores and low scores, while SE workers have

peaks on high scores and medium scores. This evidence shows that the ‘‘two tail selection

rule’’ is more likely among SW workers than among SE workers.

5. Conclusion

In this paper, the human capital accumulation by self-employed (SE) and salaried/wage

(SW) workers was analyzed. Under the assumptions that the wages of SE workers are

Fig. 2. Distribution of test scores among SE and SW workers. Bandwidth = 6; Epanechnikov kernel was used to

estimate the kernel density. The distribution of percentile ranges from � 5 to 105 because of the bandwidth = 6;

actual distribution of the percentile of AFQT89 ranges from 1 to 99. Workers who were both SE and SW during

the course of their careers contribute to both populations on a career-weighted average.
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more volatile than those of salaried workers and the wages of SE workers more sharply

reflect their human capital, SE workers invest less in their human capital because of their

higher initial human capital. This difference in human capital investment behavior results

in a flatter wage profile for SE than SW workers. This theory was supported by the

empirical facts about self-employed workers. The data indicate that SE workers are less

likely to enroll in school or participate in training on the job. In particular, it shows that the

SW workers with future SE prospects accumulate more general human capital on the job.

The model shows that the self-employed workers are not necessarily a good ‘‘control’’

group to test the Lazear contract, since not only does the incentive effect of the Lazear

contract produce a steeper wage profile of salaried workers, but the difference in human

capital investment has this effect as well. This conclusion does not deny the existence of the

Lazear contract, nor the results produced by Lazear and Moore (1984). However, simply

attributing the difference of wage profiles to the incentive effect of the Lazear contract may

overestimate its importance.

The extension of the model to multiple periods and the estimation of a dynamic discrete

choice model that models SW/SE career choices would offer a full-blown test for the

theory, and this is left for future research.

Acknowledgements

This is a chapter of my PhD dissertation submitted to Michigan State University. I

would like to thank David Neumark, Jeff Biddle, Jeffrey Wooldridge, Gerhard Glomm,

Linda Bailey, Kenji Moriyama, Facundo Sepulveda and an anonymous referee for helpful

comments. I also would like to thank seminar participants at Michigan State University

and Osaka University for helpful comments, and Catherine Fleck and Donna Maurer for

English editing. All remaining errors are of course mine. This paper received the Osaka

University Institute of Social and Economic Research/Moriguchi Prize.

Appendix A

The derivation of Eq. (10) is as follows:

EÛit ¼
Z Z

�exp½�ciðwi1 þ wi2Þ	dFðei1jÞdGðei2jÞ

¼ �
Z

exp½ciðbjhi1ð1� ni1Þ þ eij1Þ	dFðeij1Þ



Z

exp½ciðbjhi2ð1� ni2Þ þ eij2Þ	dGðeij2Þ

¼ �exp½�ciðbjð1� ni1Þhi1 � ðci=2Þr2
j þ bjhi2 � ðci=2Þr2

j Þ	:

The independence of error terms across periods derives the second line, and the

property of log normal distribution produces the third line. When lnxfN(m, s2), it is
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known that Ex = exp(m+(1/2)s2). In our case, e = lnxfN(m, s2), thus, Eexp(e) =Ex =

exp(m+(1/2)s2). The ordinal property of utility function results in Eq. (10).
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