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ABSTRACT 

The perception male earnings profiles generally follow concave paths has 

persisted among economists from at least as early as the nineteen twenties. It 

has been partly based on the presupposition that schooling, to include college 

education, predominantly takes place while individuals are relatively young. The 

present study's general objectives are to empirically investigate over a broad age 

range whether and how obtaining college education at older ages affects men 

and women's concurrent earned income growth and to investigate how obtaining 

college education at older ages affects the behavior of earned income profiles. 

The study's major findings are first that participation in education to the 

extent of attending has no significant effect on men and women's concurrent 

earnings growth while controlling for time reallocation effects, a result contrary to 

the human capital theories of men and women's earned income behavior 

determination. Second, participation to the extent of receiving a degree does not 

significantly affect the earnings growth of men but it positively and significantly 

affects the earnings growth of women. Furthermore, the degree receipt effects 

experienced by women do not vary in a systematic fashion suggesting age 

neutrality in terms of women's ages at the time of degree receipt. In terms of 

earnings profile behavior, men's profiles are not affected by degree receipt 

whereas women's profiles are significantly and positively affected such that 

convexities may exist in women's profiles. In addition, time reallocation effects of 

time substitutions from other activities to paid employment participation further 
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increase women's growth rates. This evidence supports the literature's findings 

that women's earnings profiles generally exhibit behavior representing something 

other than concavity. The evidence points to the existence of local convexities in 

earnings profiles of women who obtain college education to the extent of 

receiving a degree. In terms of household profiles with two working spouses 

present, convexities in women's profiles implies household profiles would also 

contain convexities. Such behavior ofl'ers an alternative explanation to the 

phenomenon of a positive relationship between household earned income and 

consumption over time, the close tracking of consumption with household 

income, the generally low levels of households' savings accompanied by high 

levels of household debt accumulation, and delayed initiation of retirement 

savings accumulation relatively later in the life of households. 
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CHAPTER I 

PROBLEM STATEMENT 

General Problem 

Concavity of earned incomes over individual life cycles is an important 

concept of unknown specific origin. However, belief by economists and other 

social scientists in its applicability as a general descriptor of actual life cycle 

earned income behavior, especially that of males, has helped shape thinking in 

several areas of research. Most notably, it has served and continues serving as 

a foundational assumption in both theoretical and empirical studies of life cycle 

savings and consumption despite labor economists' recognition that actual 

individual earned income profiles typically contain more variation in terms of 

earnings growth than what the life-cycle earned income concavity concept 

permits. More importantly, if actual individual earned income profiles generally 

behave in a manner that is inconsistent with life-cycle earned income concavity, 

then, at minimum, work in the areas of life cycle savings and consumption may 

be called into quesfion. 

Economists' renewed interest in individuals' human capital investments 

arose concomitant with their emerging interest in Modigliani and Brumberg's 

(1954) life cycle income hypothesis of the consumption function during the 

nineteen fifties. The specific reason or reasons, if there were more than one, as 

to why economists following in Modigliani and Brumberg's footsteps assumed 

concave representative earnings profiles in their expositions of the life cycle 
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income hypothesis when Modigliani and Brumberg make no mention of it in their 

original work are not known by this researcher. Furthermore, the specific reason 

or reasons as to why economists later chose to explain individual earnings profile 

concavity with their human capital models are also unknown by this researcher.̂  

Perhaps life cycle earnings profile concavity was assumed for its ability to ease 

theoretical expositions. Perhaps it was assumed in life-cycle savings and 

consumption studies and perhaps human capital theorists chose to explain it 

because of the generally concave behavior of cross-sectional age-earnings 

profiles, behavior that to some economists seems to have suggested life cycle 

earned income concavity of individual profiles. Perhaps economists either 

assumed concavity or chose to explain it because life cycle earnings profile 

concavity was perceived as a reasonable approximation to the majority of actual 

males' life cycle earnings profile behaviors. Leven (1938, p. 46) lends some 

support to this last suggestion by writing, "The normal course of an individual's 

earnings is a gradual increase from a low beginning to a peak which is reached 

in middle or post-middle age, then a decline until refirement or death." 

^The earliest theoretical human capital-based explanation of concave life 
cycle earned incomes is attributable to Mincer (1958). This is also around the 
same time as Modigliani and Brumberg (1954) and Friedman (1957) published 
their respective life cycle income and permanent income hypotheses of the 
consumption function. Prior to this fime, Polachek (1995) indicates that 
economists of the late nineteenth and early twentieth centuries who worked with 
the human capital concept did not consider life cycle aspects of individuals' 
investment decisions even though Walsh (1935) in effect devised age-earnings 
profiles in select occupations. Life cycle aspects of individuals' investment 
decisions became a topic of study with the emergence of the human capital 
approach to earned income determination. 



Recognizing that the details may vary across different groups, Leven (1938, p. 

46) additionally charactehzed the general pattern described above as "...more or 

less universal." These statements by Leven suggest that he and perhaps at least 

some of his contemporaries expected such general behavior in actual life cycle 

earned income paths. If this expectation persisted among economists into the 

second half of the twentieth century, and there is no reason to doubt that it did as 

indicated by the human capital literature and the literature on life cycle savings 

and consumption, then it should be of little surprise that economists would later 

assume concave representative life cycle earnings profiles in their theoretical 

expositions of the life cycle income hypothesis.^ It should also be of little surprise 

the early human capital theorists chose to explain life cycle earnings profile 

concavity with their models. 

Despite the reasons economists had for assuming earnings profile 

concavity and despite the reasons they had for choosing to explain it, economists 

today generally agree that male earned incomes predominantly tend towards 

following concave paths. This general agreement presently exists not only 

because economists generally expect concave behavior in actual male earnings 

profiles, not only because of the consistent behavior of cross sectional male age-

earnings profiles, but also because of the cumulafive weight of empirical 

^ Ben-Porath (1967) supports the supposition that the expectation of life 
cycle earned income concavity persisted among economists. He writes that his 
model "...generates some of the qualitative characteristics of the observed life 
cycle of earnings—typically an initial period of no earnings followed by a period in 
which earnings rise at a declining rate and, eventually, decline" (Ben-Porath, 
1967, p. 352). 



evidence supporting male earnings function concavity and because economists 

have generally accepted inferences of life cycle earnings profile concavity 

derived from this evidence.^ Empirical evidence of male earnings function 

concavity abounds in the literature beginning with Mincer's (1974) seminal work 

Schooling, Experience, and Earnings. In this work, Mincer developed his 

logarithmic earnings function, estimated it with cross-sectional data, and provided 

the first empirical evidence of logarithmic earnings funcfion concavity. Since 

then, numerous economists using cross-sectional data have provided additional 

empirical evidence of logarithmic earnings function concavity while using variants 

of Mincer's original funcfion. 

From this empirical evidence, which is in the form of partial parameter 

estimates on experience and squared experience terms, economists have 

described longitudinal patterns of career earnings growth, which, according to 

Murphy and Welch (1990), have "universally" been interpreted as being 

consistent with male earnings profile concavity. These descriptions and 

inferences exist despite the warnings that other things besides work experience 

play roles in determining the behavior of individuals' actual earnings profiles 

(Mincer, 1974) and that no simple mechanical method exists as to which lifetime 

earnings profiles can be inferred from single cross-section data (Weiss and 

Lillard, 1978). Logarithmic earnings funcfion parameter estimates only indicate 

^ Another area of agreement that has helped the establishment of this 
general agreement concerns the nature of male employment patterns. 
Economists generally agree that male employment patterns are predominantly 
continuous and on a full-time basis over an individual's adult work history. 



partial relationships of years of work experience with the natural log of earned 

incomes or wages at a point in time. While concavity of earnings function 

parameter estimates may be supportive of individual earnings profile concavity, it 

is not direct evidence of it according to a strict statistical interpretation of such 

estimates. It is at best only indirectly supportive evidence. 

At the same time as the above general agreement exists, labor 

economists have developed human capital models with resulting investment 

profiles that do not necessarily lead to concave male earned income profiles over 

individuals' life cycles. The theoretical work of Bartel and Borjas (1977) is a 

prime example that shows how firm-specific training may produce periods of 

increasing investment within an employee's tenure at a specific employer and 

between employers upon inter-firm job mobility. Furthermore, the theoretical 

results of Bartel and Borjas have been widely empirically tested and supported 

by other labor economists. However, such empirical studies only go so far. They 

explicitly examine and measure over narrow age ranges the effects of specific 

training and inter-firm job mobility on earned income growth measured over brief 

periods, they implicitly examine and measure over narrow age ranges the effects 

of specific training and inter-firm job mobility on brief earned income profile 

segments, but they do not explicitly reveal information as to how specific training 

and inter-firm job mobility effects may vary at different points in individual life 

cycles, information that would be necessary in determining how specific training 

and inter-firm job mobility may affect profile behavior over broader individual life 

cycles and what that behavior may be. Therefore, the general agreement that 
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individual male earnings profiles predominantly follow concave paths has been 

based not only upon economists' expectations and the cumulative earnings 

function evidence but also upon economists' general acceptance of questionable 

inferences derived from cross-sectional earnings function parameter estimates 

and the lack of evidence regarding how the effects of specific training and inter-

firm job mobility on earned income growth vary across broad age ranges. 

Specific Problem 

What is self-evident is that changing the patterns in which human capital is 

acquired over individual life cycles is tantamount to changing the patterns in 

which income is earned. Current explanations of concavity rely on the 

maintained assumption that schooling is acquired according to the traditional 

schooling pattern. The traditional pattern is one that concentrates schooling to 

include college education during the early stage of the life cycle in the period 

preceding the point of initial labor force entry. Once paid employment 

participafion is inifiated, individuals are assumed to specialize in this activity. 

Furthermore, all human capital accumulafion is assumed as taking place while on 

the job from this point of inifial entry into paid employment. 

The maintained assumption of schooling being acquired according to the 

traditional schooling pattern especially as it pertains to college education is a 

holdover from the time when such a pattern probably predominated. At present, 

this does not seem to be the case. The ages at which individuals have engaged 

themselves in college educations have become more heterogeneous than what 
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has been commonly presumed, at least by economists, as indicated by yearly 

historical data from 1955 through 1998 on the male and female percentage age 

distributions of college students respectively plotted in Figures 1.1 and 1.2.'* 

The male college student population has predominantly been comprised 

of individuals falling in the twenty to twenty-four age range. This group has 

averaged 41 percent of the male student population from 1955 to 1998. Until 

1973, the second most populous group has been in the fourteen to nineteen year 

old age bracket. After 1973, the proportions of those aged fourteen to nineteen 

have generally converged with those aged twenty-five to thirty-four Each group 

has, respecfively, averaged 25 and 24 percent of the male college student 

populafion since 1974. Note that 1972 was the first year in which individuals 

over the age of thirty-four were questioned as to whether they were currently 

attending college. For males aged thirty-five and over, their percentages have 

increased from a low of 7 percent in 1972 to a high of 14.9 percent in 1996. For 

older male college students as a group, that is, those aged twenty-five and over, 

the data indicates that their overall representation has risen since 1972 from 29.6 

percent to 35.5 percent in 1998 with the rise being specifically attributable to 

those in the 35 and over age bracket. 

For vwDmen, the story is somewhat different. Until 1973, women aged 

fourteen to nineteen dominated the female college student population with those 

"̂  Historical data used to produce these graphs is contained in Table A-6. 
Age Distribution of College Students 14 Years Old and Over, by Gender, Race, 
and Hispanic Origin: October 1947 to 1998, Source: U.S. Census Bureau, 
Internet Release date: October 6, 1999. 
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Figure 1.2: Female Percentage Age Distribution of College Students: 1955-1998 



in the twenty to twenty-four age range being the second most dominant group. 

Beginning in 1973, women aged twenty to twenty-four have comprised the 

dominant age group averaging 34 percent of the female college student 

population. From 1973 to 1990, the percentages of those fourteen to nineteen 

continued falling while those aged twenty-five to thirty-four and thirty-five and 

older rose. After 1990, the proportions of these three groups have generally 

converged at approximately 22 percent of the female college student population. 

As is the case with male students age twenty-five and older, the percentages of 

female college students of the same ages have risen since 1972 from 25.8 

percent to 42.2 percent in 1998. 

It needs to be noted that the data presented in Figures 1.1 and 1.2 

includes graduate students who in general have historically tended to be older 

than most students at the undergraduate level. Therefore, it is possible that the 

growth in the percentages of older college students may be primarily attributable 

to greater growth in the graduate student populafion. However, this is not very 

likely since other data that separates the undergraduate and graduate student 

populations indicates they have approximately equal average annual percentage 

growth rates of 2.14 and 2.11 percent respectively between 1970 and 1998.^ 

Given this similarity, the mixing of undergraduate with graduate students 

^ The data referred to is contained in Table A-7. College Enrollment of 
Students 14 to 34 Years Old, by Type of College, Attendance Status, Age, and 
Gender: October 1970 to 1998, Source: U.S Census Bureau, Internet Release 
data October 6, 1999. 



probably does not result in significant overstatements of the percentages of male 

and female undergraduate college students aged twenty-five and older. There

fore, it is concluded with some confidence that in general the undergraduate 

student population has been shifting from being relatively young to being older, 

especially in the case of women, and that there has existed greater heterogeneity 

with respect to age of schooling at the undergraduate level than what has 

othenA/ise been thought to exist at least during the second half of the twenfieth 

century and particularly from the early nineteen seventies to the present and after 

the period of human capital theory's formalization. 

Greater heterogeneity with respect to age of undergraduate post-

secondary education suggests that the tradifional schooling pattern may not be 

as dominant as economists have believed. As men and women have returned to 

school at nontradifionally older undergraduate ages and as they have returned to 

school at the graduate level at traditionally older ages, formal schooling has been 

increasingly acquired in patterns that have deviated from the traditional schooling 

pattern. Such delayed formal schooling implies that these individuals may initiate 

at later ages new work-related career paths that may differ significantly from 

previous work-related career paths. 

In general, different reasons exist as to why individuals may engage in 

schooling at an older age. Pursuit of a graduate educafion is the most obvious. 

Economists have recognized that it has generally been an undertaking of older 

individuals whose ages lie beyond the traditional undergraduate student age 

range of eighteen to twenty-two. Yet perhaps because economists have 
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believed only relatively small percentages of college graduates have pursued 

graduate educations and perhaps because most widely available data sets have 

not discriminated as to the types of educations that have been pursued, little or 

no apparent interest by economists beyond some relatively early rate of return 

analyses has existed in studying graduate education's effects on earned incomes 

and earned income growth. Other general reasons why individuals may be 

engaged in schooling at an older age are that individuals may have engaged in 

schooling on a part-time basis thus extending their schooling into ages beyond 

the traditional undergraduate student age range, they may have interrupted their 

schooling and recommenced it at an older age, and they may have altogether 

delayed their post-secondary schooling. Of these three reasons, most of 

economists' attention has been given to the effects of interrupted schooling on 

young men's earnings thereby eliminating age of schooling as a source of 

earnings variation. Only limited attenfion has been given to the impact of age of 

schooling on earnings (Monks, 1997). No attention has been given to the effects 

of obtaining schooling at older ages on earned income growth and the behavior 

of earned incomes. With the growing prevalence of college level schooling 

occurring at older ages in today's society, its potential impact on earned income 

behavior needs to be assessed. 

Obiectives 

The present study's general objectives are to empirically investigate over 

a broad age range whether and how obtaining education at older ages affects 
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men and women's earned income growth and to investigate how obtaining 

education at older ages affects the behavior of life cycle earned income profiles. 

The specific objectives are: 

1. Investigate the relationship between earned income growth and 

concurrent education obtainment. 

2. Invesfigate the relationship between earned income behavior and 

educafion obtainment. 

3. Investigate whether the relafionship between earned income growth and 

age varies by education obtainment. 

4. Investigate the effects of concurrent educafion obtainment on earned 

income growth. 

5. Investigate whether and how concurrent education obtainment effects on 

earned income growth vary by age of education obtainment. 

6. Simulate earned income growth rates by age of education obtainment to 

identify earned income growth behavior. 

7. Describe and compare the implied behavior of earned income profile 

segments of those who concurrently obtained education at different ages 

with the implied behavior of those who did not obtain education. 

12 



CHAPTER II 

LITERATURE REVIEW 

Introduction 

The concept of human capital has existed for quite some time in the 

history of economic thought. At least as early as the time of William Petty, who 

lived from 1623 to 1687, some economists reasoned that men made investments 

in themselves through acquisitions of knowledge and job skills. They also 

reasoned that such investments would be repaid with a profit (Walsh, 1935). 

Adam Smith used the human capital concept in his Wealth of Nations 

originally published in 1776. Specifically in the first part of chapter ten of book 

one where he set forth his five reasons as to why wages varied among 

occupations, one reason he put forward was that the ease and expense of 

learning an occupation varied by occupation (Smith, 1991). Smith explained his 

reasoning with the following analogy. 

When any expensive machine is erected, the extraordinary work to be 
performed by it before it is worn out, it must be expected, will replace the 
capital laid out upon it, with at least the ordinary profits. A man educated 
at the expense of much labour and time to any of those employments 
which require extraordinary dexterity and skill, may be compared to one of 
those expensive machines. The work which he learns to perform, it must 
be expected, over and above the usual wages of common labour, will 
replace to him the whole expense of his education, with at least the 
ordinary profits of an equally valuable capital. (Smith, 1991, p. 90) 

From this analogy, it is rather straightfonA/ard that differences in capital-like 

investments in people attached to learning different occupations aeate 

differences in wages between occupations among other causes. The greater the 
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hardship and expense of learning an occupation the greater the compensating 

differential a wage must contain. Smith's analogy and its associated reasoning 

perhaps represent one of the human capital concept's first applications.® 

At least as early as 1776, the human capital concept has been broadly 

used. At the time of Petty, it was used to measure national wealth and changes 

in national wealth due to wars and immigration by capitalizing a country's labor 

force's value and changes in this value (Kiker, 1971). In a somewhat more 

contemporary setfing, it helped explain Leonfief s (1946) finding that a country 

dominant in capital-intensive production technology such as the United States 

would export labor-intensive goods. It also helped explain why growth in a 

nations aggregate output may exceed a nation's secular growth in its labor force 

and capital stock, something noted by Schultz (1961) in his crificism of the then-

contemporary neoclassical growth model (Polachek, 1995). 

But for the present study, the human capital concept's most important use 

has been in explanations of life cycle earned income behavior.̂  Since 

economists believed life cycle earned income concavity represented the 

predominant earned income behavior among the labor force's male members, it 

® Kiker (1971) credits William Petty with being one of the first individuals to 
attempt calculation of the money value of a human being around 1691. 

^ Polachek (1995) notes that economists of the late nineteenth and early 
twentieth centuries did not consider life cycle aspects of an individual's 
investment decisions. Such consideration was given later beginning with 
Mincer's (1958) first human capital-based concavity explanafion. Note that this 
development was at about the same time as the publication of Modigliani and 
Brumberg's (1954) and Friedman's (1957) hypotheses of the consumption 
function. These latter works may have stimulated interest in the former. 
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was the first earned income behavior to be explained with the human capital 

concept. These explanations can be classified into two different types, hybrid 

and pure. The hybrid explanations of Mincer (1958) and Lydall (1968) do not 

solely rely on human capital investment patterns nor do they rely solely on 

explicit assumptions regarding patterns of schooling, employment, and labor 

force participation. These explanations are important and reviewed here 

because they take into consideration other factors besides human capital 

accumulation that may be important in terms of life cycle earned income behavior 

determinafion. The explanations of Ben-Porath (1967) and Mincer (1974) are 

classified in this review as pure. However, they are pure only in a relafive sense 

because they still rely on investment profiles that are determined by prescribed 

patterns of schooling, employment, and labor force participation. These pure 

explanafions are important and reviewed here because they have served as 

points of departure for the explanations of alternative earnings profile behaviors. 

Alternative investment profile and hence earned income profile behaviors 

have been derived from changing one or more assumptions used in the models 

of Ben-Porath (1967) and Mincer (1974). Alternative behaviors have been 

derived in the presence of paid employment discontinuities (Mincer and 

Polachek, 1974), changing paid labor force participafion (Polachek, 1975), 

specific training, job mobility (Bartel and Borjas, 1977), and uncertain expected 
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human capital rental rates (Monks, 1998).° Each of these explanations for 

alternative earnings profile behavior is important to the present research and 

reviewed here because each one shows a reason why earnings profile behaviors 

other than concavity may exist. Monks' (1998) explanation is particularly 

important. His work shows the recentness that the effects of schooling at older 

ages on earned income has been considered. 

Another important use of the human capital concept has been in 

explanations of the positive relationships of educational attainment with earned 

income and with earned income growth (Mincer, 1958); relationships that are 

rather consistently illustrated by cross-sectional profiles of age with average 

earned income levels by schooling groups. These relationships are important 

because they raise empirical quesfions as to whether and how schooling at older 

ages may affect an individuals life cycle earned income profile. Reviewing the 

explanafions of the earnings-schooling relationship and the earnings growth-

schooling relationship is important because it will help show how limited 

economists' thinking has been in terms of schooling patterns. 

Besides earned income concavity and the positive relationships of 

educational attainment with earnings and earnings growth, another observed 

phenomena human capital theory has been credited with explaining has been the 

tendency towards acquiring schooling relatively early in the life cycle or acquiring 

^ Note that discussion of the effects of risk on investment is excluded from 
this review since the relevant literature (Levhari and Weiss, 1974) discusses its 
effects only in the context of present investment levels. 
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it according to the tradifional schooling pattern. In light of the human capital 

explanafion, acquiring schooling in this manner has been considered rational and 

as investment behavior. In the absence of explanations, schooling acquisition at 

older ages was considered either as irrational behavior or as consumption. In 

response to such considerafions, some economists have provided economic 

reasons as to why acquiring schooling at older ages or in alternafive patterns 

may also be considered rational and as investment behavior. The economic 

reasons that provide the basis for such consideration are the type of occupational 

plan (Weiss, 1971a), depreciafion (Corman, 1983), imperfect capital markets 

(Weiss, 1971a; Corman, 1983), inability to pay (Corman, 1983), earned incomes 

below expectations (Marcus, 1986), and high expected returns (Monks, 1998). 

This review begins with the explanations of life cycle earned income 

concavity. These are followed by explanations of alternafive earnings profile 

behavior, explanations of the relationships of educational attainment with 

earnings and earnings growth, and the economic explanations for engaging in 

schooling at older ages. 

ExDianations of Concavity 

One of the most widely known behaviors among labor economists is the 

behavior of cross-sectional profiles of age with average earnings levels by 

education attainment. Cross-secfional age-earnings profiles have somewhat 

consistently indicated that average earned incomes by level of completed 

schooling generally increase with age at a generally decreasing rate until a peak 
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is reached after which average earned income levels decrease. When 

economists turned their attention to the study of individual earned incomes and 

their determinafion, it is this behavior plus the concept of life cycle earned income 

concavity that economists had in their minds and thus sought to explain. 

Hybrid Explanafions 

The first hybrid concavity explanation is attributable to Jacob Mincer 

(1958). It is labeled hybrid since it relies upon physical aging besides human 

capital accumulafion. His explanafion is the first known attempt by an economist 

to apply the human capital concept in an explanation of earned income behavior. 

Focusing on intra-occupational wage differences, it proceeds as follows. 

Defining occupations by their length of formal schooling. Mincer first attributes 

intra-occupational variations in earned incomes to differences in experience and 

thus differences in skill levels with skill levels increasing with experience. 

Assuming the length of formal on-the-job training is fixed within an occupafion 

and reasoning that producfive performance is a function of schooling plus 

experience with both being measured in time units, productive performance 

becomes a function of age. Mincer reasons 

Clearly, as more skill and experience are acquired with the passage of 
time, earnings rise. In later years aging often brings about a deteriorafion 
of producfive performance and hence a decline in earnings, particularly in 
jobs where physical effort or motor skill is involved. Thus, in general, the 
"life-cycle" of earnings exhibits an inverted U-shaped pattern of growth 
and decline typical of many other growth curves. (1958, p. 287) 
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Given that differences in experience translate into differences in skill levels that 

increase with age and thus additional experience, intra-occupational 

compensatory earnings differences are attributable to differences in experience-

dependent training and to differences in where individuals are at in terms of their 

aging process. 

The second hybrid explanafion is attributable to Harold Lydall (1968). 

Lydall relies upon an assumption regarding the timing of the acquisition of formal 

schooling, empirical evidence from the psychology literature concerning the age 

profile of problem solving ability plus other factors, and reasoned speculation 

concerning how problem-solving ability interacts with work experience. With 

these ingredients, Lydall deduces concave life cycle patterns of effective ability 

and hence eamed incomes. 

The starting point is an observation that young people entering the labor 

force after completing formal schooling are more or less equipped to undertake a 

particular occupation and capable of earning an income. Taking as given 

evidence from the psychological literature that problem solving ability inaeases 

rapidly from early adolescence to the late teens, levels off, and then starts to 

slowly decline during the twenties, Lydall reasons that work experience interacts 

with problem solving ability such that problem solving ability is augmented.® 

"Experience adds to effecfive ability by giving people an increasing repertoire of 

® Lydall (1968) makes menfion that this evidence, which is taken as given, 
is from cross-sectional data. However, at odds with the cross-sectional evidence 
are the self-reported findings from longitudinal data that problem solving ability 
inifially increases and then levels off without declining. 
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ready-made means of dealing with a situafion" (Lydall, 1968, p. 116). It is 

reasoned that when dealing with a problem an older person may be less able to 

solve it from first principles. However, his experience may give him the power to 

solve the problem. This is since the problem at hand may be similar to other 

problems he has confronted and perhaps solved in the past. In this manner, 

effective ability may not decline over time. It is reasoned that when the 

experience element is added to the problem-solving ability element a measure of 

effective ability would peak at a later age and decline more slowly than problem 

solving ability does on its own. Thus effective ability is predicted to rise rapidly 

during the early years of adolescence, peak later, and then slowly decline. 

Before this is translated into earnings behavior, it is observed that 

earnings per unit of fime depend upon other factors as well. These other factors 

are response speed, health, strength, ambition, and willingness to work hard. 

Citing evidence regarding these five factors that (1) declines in measurable ability 

set in after the age of thirty and become marked after fifty, (2) sensory and 

perceptual abilities decline the most and the earliest, (3) motor abilifies hold up 

until middle age after which different methods are often used to perform tasks, 

(4) performance in learning experiences declines with age, and (5) individual 

performance varies widely in each of these things, it is finally concluded that 

when these things are combined with the above prediction regarding the 

behavior of effective ability 

...that the most probable profile of earnings will be one which rises with 
ability, strength, and ambition during the first two decades of employment, 
reaches a maximum somewhere in middle age, and then begins to 
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decline. The decline will be slow at first, but will gather speed from the 
late fifties or early sixties, when almost all factors are working towards 
reducing effecfive earning capacity. (Lydall, 1968, p. 117) 

In summary, Lydall predicts earned incomes over individual life cycles will 

generally tend to follow concave paths given the noted factors and their 

relationships with productive performance. 

Pure Explanafions 

The first pure concavity explanafion is attributable to Yoram Ben-Porath 

(1967). Human capital investments are spread out over the life cycle due to 

diminishing returns in the producfion of human capital. Assuming human capital 

is homogeneous, he derived an investment profile that is monotonically 

decreasing at a decreasing rate from the time paid employment is entered after a 

period of specialization in human capital production. During the specialization 

period, the investment profile is flat.^° After the specialization period, per period 

investments decrease at a decreasing rate since the finiteness of working life 

brings about decreasing per period marginal revenues along an increasingly 

positively sloped marginal cost curve that is assumed to be stationary over 

time.̂ ^ The result of this derived investment profile is that observed eamings 

°̂ Ben-Porath (1967) does describe the circumstances in which human 
capital investment may be increasing at least during the specialization period. 
However, since market earnings are zero during this period, any net earnings 
profile where investment increases would necessarily be negative and inaeasing 
in the negative direction. 

^̂  The human capital production function is assumed to exhibit decreasing 
returns to scale. 
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increase at a decreasing rate and is concave from below except in the vicinity of 

the retirement age in which the profile may be convex from below given certain 

assumptions. Therefore, concavity of earned income profiles is explained by 

monotonically decreasing post-specialization penod investment profiles given 

nondecreasing labor force participation. 

The second pure explanafion is attributable to Mincer (1974). Mincer 

basically takes an informal explanation provided by Becker (1962) and expounds 

it into a formal human capital model of the behavior of earned income using post-

school general investment.''^ Central to his analysis of life-cycle earnings 

variafion is the equafion Yj = Y, + 2]r,C, - Cj = Ej - Cj, where Yj is net eamings in 
t=0 

year j , Ys is a constant equal to the earnings of persons who do not invest in 

human capital beyond s years of schooling, rt is the rate of return to net 

investment Ct in year t, Cj is post-schooling net investment in year j , and 

Ej = Y3 + 2] ^t^t is earnings capacity in year j . Assuming work starts in the 
t=0 

^̂  The starting point of Beckers (1962) concavity explanafion is the 
assumption that training costs are incurred relatively early in life cycles during 
training periods. This depresses eamed incomes below the incomes of 
individuals who remain untrained. The returns to training are realized later in the 
form of higher eamed incomes, which would be greater than those of untrained 
individuals of the same age. Essentially since earned incomes are net 
investment costs and gross returns, training makes the relationship between 
earned income and age steeper relative to what would be observed with 
untrained individuals. Becker concludes that the difference between the slopes 
of the two curves would be greater the greater the costs and returns from 
training. Becker further concludes that training increases the curves concavity 
assuming that training takes place when a person is relatively young. 
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period following the last period of schooling, earned income variation may be 

observed by considering annual earnings increments AYj where 

AYj = r̂ Cj - (Cj^i - Cj). Mincer reasons according to this last equation that 

earnings grow with experience as long as net investment is posifive and its 

annual increments either diminish or increase at a rate lower than rj because for 

C - C 
AYj > 0, —^ ^ < rj. According to Mincer, as long as net investment Q is 

positive and diminishing over time, the age profile of earnings will grow at a 

diminishing rate and be concave. Note that with this model, an increase in 

schooling level implies an increase in earnings capacity. Therefore, the age 

profile of earnings would shift up with increased schooling. This explains the 

positive relafionship between earnings and schooling level. Mincer (1970) also 

explained the positive relafionship between earnings growth and schooling level. 

Assuming initial eamings capacity is the same between two individuals and 

assuming schooling level and post-school training are posifively related, an 

individual who invests more in post-school training,will have a steeper eamings 

profile relafive to the person who invests less in post-school training due to the 

difference in the quantity of post-school training acquired. 
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Explanations of Altemative Earnings Profile Behaviors 

The preceding economic concavity explanations apply in a static world. 

They also generally have the following assumpfions in common. ̂ ^ They assume, 

where it is necessary, that labor force participation is confinuous and 

nonincreasing, that on-the-job training is general, that formal schooling takes 

place during the juvenile life cycle stage and prior to employment, that individuals 

have perfect foresight, that there is no investment risk, and that capital markets 

are perfect.^'* Given these somewhat standard assumptions in the above 

economic explanations of concavity, economists have shown in separate 

instances that relaxing the assumptions of continuous labor force participation, 

nonincreasing labor force participation, general on-the-job training, and perfect 

certainty may lead to investment profile behaviors that are quite different from the 

behavior derived by Ben-Porath (1967). Specifically, Mincer and Polachek 

(1974) have shown how employment disconfinuifies as well as anticipation of 

time out of paid employment influences investment over time. Polachek (1975) 

^̂  While Becker's (1962) explanafion is in the context of general training, 
he reaches the same conclusions in his analysis of specific training, that is that 
since specific training is partly paid by employees, wages will be lower during the 
training period and higher afterward as specifically trained workers are paid 
wages greater than their marginal products. This pattern makes age-earnings 
profiles steeper and more concave the greater the specific investments. 
However, no direct mention is made as to the effects of the loss of specific 
training on eamings profiles upon changes of employers. 

^'^ Ben-Porath (1967) assumes human capital is homogeneous. However, 
his model allows the consideration of human capital investments as being 
comprised solely of general training. In fact Bartel and Borjas (1977) as well as 
Polachek (1975) managed to obtain monotonically decreasing investment 
profiles if it were assumed post-schooling investment were wholly general. 
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has shown how changes in labor force participation intensity influence 

investment behavior. Bartel and Borjas (1977) have shown that even within the 

context of continuous employment investment profiles may not decline 

monotonically with age both within and across jobs due to the effects of specific 

training. Finally, Monks (1998) has recenfiy shown how uncertain human capital 

rental rates may lead to investment profiles that do not monotonically decline. 

Individually, each explanation for an alternative investment profile provides an 

explanation for an alternafive earned income profile. Taken together, they 

illustrate that life cycle investment profiles and hence life cycle earned income 

profiles will probably exhibit more variation than what economists have 

traditionally held, especially in the case of male profiles, given that employment 

may be disconfinuous and variable, on-the-job investment may be partly specific, 

job mobility may occur, and finally formal schooling need not be acquired only at 

young ages. More importantly, these economists have shown how earned 

income profiles may exhibit other than concave behavior. 

Impact of Paid Employment Disconfinuifies 
On Investment Profiles 

Mincer and Polachek (1974) developed a theoretical model of married 

women's wages. In this model, married women's wages are a function of 

schooling, which is assumed to take place early in the life cycle prior to labor 

force entry, and post-schooling investments. No disfinction is made as to 

whether post-schooling investments are in the form of general or specific training. 
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For post-schooling periods spent outside of the labor force, previously acquired 

human capital is expected to depreciate. The result of this depreciation is that 

reentry wages will be lower than the previous wage at the fime of exit. The 

model predicts that for continuous workers, post-schooling investment will 

decline monotonically and earnings profiles will be concave. If labor force 

participation is not continuous, then post-schooling investment profiles and 

earnings profiles may exhibit a variety of behaviors. These behaviors are 

explained not only by the employment disconfinuifies themselves, but also by the 

effects of depreciation. Mincer and Polachek (1974) addifionally reasoned that 

the anficipation of fime periods spent out of the labor force due to prospective 

childbearing and childrearing will lead to less human capital accumulafion relafive 

to the person who does not anticipate such events. The implication of this is that 

the portion of the earnings profile covering pre-birth segments will be lower and 

exhibit less growth relafive to the profile of someone who does not anficipate 

employment interruptions. 

Based upon data from a sample of married women of ages 30 to 44 taken 

from the 1967 National Longitudinal Survey (NLS) of Work Experience, Mincer 

and Polachek (1974) segmented women's life cycle labor force participation 

patterns into three successive stages. Each successive stage is described by 

how the degree and nature of labor force participafion and home involvement 

have been influenced by childrearing responsibilities. The first stage is the post-

schooling stage where labor force participation is likely to be continuous unfil the 

birth of the first child. The second or episodic employment stage that is 
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described as lasting approximately 5 to 10 years is characterized as a period of 

nonparticipation that may be followed by intermittent participation. The third and 

final stage is marked by a return to paid employment where participation may 

return to being confinuous or remain intermittent depending upon competing 

family demands.^^ It is addifionally noted women may anticipate these patterns 

to some extent. 

Based upon these observed labor force participation patterns. Mincer and 

Polachek (1974) offered three conjectures regarding post-schooling investment 

behavior in each of the three stages. First, holding educafion constant, young 

women who anticipate marriage and future participation disconfinuity may invest 

less during their prematernal employment than do comparable males. If young 

women do not anticipate marriage or if they have a strong labor force 

commitment, then their human capital investment patterns will be similar to those 

of men. Second, little investment, if any, is anticipated during the episodic 

employment period due to childbearing and childcare commitments. Previously 

acquired human capital may depreciate. It is also possible that women may 

revise their expectations and commitments. Third, stronger expectations of 

prospective employment continuity may form as childcare responsibilities decline 

with children approaching schooling ages. Mincer and Polachek (1974) 

reasoned that since jobs during this stage are more likely to represent a more 

^^Note that these stages are suscepfible to change with the passage of 
fime. 
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permanent return to the labor force, strong incentives to resume investing should 

reappear. 

What the above conjectures imply is that married women who participate 

discontinuously will experience nonmonotonic investment profiles. Assuming 

that marriage and childbearing expectafions are stronger among women at 

younger ages and that they diminish with age, it is reasoned that investment of 

never-married women is likely to be inifially lower than those of men. However, it 

is reasoned that initial on-the-job investment of never-married women is likely to 

be higher than initial investment of women who eventually marry due to their 

lesser expectafions of marriage. Therefore, the profile of the latter will show two 

peaks. Regarding earnings profiles, these conjectures imply the earnings 

profiles of men \N\\\ be initially steeper and concave while those of never married 

women will be less steep but also concave. They also imply that the eamings 

profiles of married women who bear children will be double peaked and exhibit 

the least earnings growth. 

Corcoran (1979) addifionally observed that the marginal benefits 

associated with post-schooling investments increase with the length of the payoff 

period and decline with the length of post-schooling interrupfion periods given 

prior post-schooling investment. This suggests optimal investment patterns will 

differ between women who anticipate interruptions and those who do not. The 

optimal pattern for confinuously attached workers is for them to concentrate their 

investments early such that the payoff period will be extended. The optimal 

pattern for workers with interrupted participafion is for them to postpone 
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investment until reentry in order to avoid depreciafion of their human capital. 

Furthermore, since payoff periods for discontinuous workers are shorter, total 

investment should be lower for this group of workers relative to those with 

uninterrupted work histories. The implicafion of lower total human capital 

investment is that earnings profiles for discontinuous workers will be lower and 

flatter than the profiles for continuous workers. Corcoran (1979) addifionally 

noted that pre-interruption post-schooling investment may be greater than post-

interruption investment if an unanticipated interruption takes place. 

Regarding wage growth, Mincer and Ofek (1982) observed that wages of 

recent reentrants tend to be lower than exit wages but that reentry wages 

rebound relafively quickly. This rebound in wages is ascribed to the restorafion 

or repair of human capital with the assumption that occupational skill 

reconstruction is more efficient than the construction of new human capital. 

Consequently wage growth of recent reentrants will be greater than the wage 

growth of those who have remained on the job up until the completion of 

restoration. Once restoration is complete, wage growth experienced by those 

who remained on the job will be equal to wage growth of those who had 

interrupted their careers. However, a wage difference will remain with wages 

being higher for those individuals who exhibit continuous participafion. Corcoran 

(1979) reasoned that the above rebound effect may not entirely result from the 

restoration of previously acquired human capital. It may also partially result from 

the acquisition of information upon reentry to the labor force about the labor 

market, different employers, and offered wages in different employment matches. 
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In light of the Mincer-Ofek model, Corcoran, Duncan, and Ponza (1983) 

reasoned that intermittent workers may not necessarily defer investments in on-

the-job training. They argue intermittent workers' decisions may be based upon 

the relative sizes of depreciation and rebound effects. It follows that if wage 

depreciation is relatively small in comparison to wage rebounds, deferral of 

human capital investments would be less likely everything else held constant. If 

wage depreciation is relatively large, then investment deferral would be more 

likely everything else held constant. However, if the need for current income is 

strong, it is reasoned that human capital investment could be independent of 

depreciation and rebound rates. 

Impact of Changing Labor Force Participafion 
On Investment Profiles 

Where Ben-Porath (1967) derived his monotonically decreasing human 

capital investment profile assuming nonincreasing labor force participation, 

Polachek (1975) showed that investment profiles will not monotonically decrease 

in the presence of changing labor force participation. He shows that an 

exogenous decrease in per period labor force participation leads to a decrease in 

current investment at a decreasing rate. This is explained by a decline in the 

current marginal revenue of investment. The opposite results follow from an 

exogenous increase in labor force participation. Therefore, it is illustrated that 

nonmonotonic changes in a perfectly elastic marginal revenue of investment 

curve along a stationary upward sloping and increasing marginal cost curve 
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could result in alternative behaviors of an investment profile. Even though 

earnings profiles are not mentioned, such a result raises the possibility of an 

earnings profile that exhibits something other than concavity. This is quite 

different from the results of Ben-Porath (1967) who assumed that labor force 

participafion over time was constant. Ben-Porath (1967) derived a monotonically 

decreasing investment profile and hence a concave earnings profile from a 

marginal revenue curve that shifts down with age along a stationary upward 

sloping and increasing marginal cost curve. Polachek (1975) addifionally found 

that planned labor force exits lead to lower marginal revenue from investment. 

Assuming the marginal cost curve is unaffected by exits, human capital 

investment would be lower implying lower and slower growing earnings profiles. 

Impact of Specific Training and Job Mobility 
On Investment Profiles 

The work of Bartel and Borjas (1977) considers the role of specific training 

on the behavior of individual on-the-job investment profiles and hence earnings 

profiles within the context of a single employer's job and within the context of 

continuous employment between different employers. Within the context of a 

single job were it is assumed expected job tenure determines the appropriate 

time horizon for the accumulation of specific training and it is updated in each 

period, the following results are given. First, optimal investment in any time 

period increases with the individual's lifetime labor force experience since the 

returns to general training would be paid over a larger period that is the 
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remainder of working life. It is further given that if training were wholly specific on 

the job then an increase in lifetime experience would have no effect on optimal 

investment holding constant expected job duration since expected job duration is 

the assumed appropriate time horizon. Second, an increase in experience prior 

to the current job has two opposing effects on optimal investment. It has a 

negative effect on general training investment since the payoff period's length 

decreases with prior experience. It has a positive effect on specific training 

investment since expected job tenure increases with prior job experience since 

the gains from mobility decline with age and hence an increase in expected 

tenure increases investment in specific training. Given these opposing effects of 

prior experience on total investment, prior experience has an ambiguous effect. 

However, by considering the case where the partial effect of prior 

experience on expected job tenure equals unity, which implies starting the job 

one year later increases expected tenure by one year, Bartel and Borjas (1977) 

found a sufficient condifion for the partial effect of prior experience on investment 

to be posifive. It will be posifive if the proportion of the individual's specific 

investment costs is greater than or equal to the proportion of general training 

costs. However, since this condifion requires most training to be specific, it is 

strong. They do however eventually conclude that it is not unreasonable for the 

partial effect of prior job experience on investment to be posifive over a range 

occurring during the eariy part of the life cycle. 

Regarding the behavior of optimal investment with current tenure within a 

job, Bartel and Borjas (1977) found it plausible that optimal investment profiles 
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within a job may have an inverted U shape. Similar to the effect of prior 

experience on optimal investment, opposing effects of general and specific 

training imply the time derivative of investment to be ambiguous due to 

respecfive opposing negative and positive general and specific training efl'ects. 

However, they find that if training on the job is wholly general investment would 

unambiguously decline with current job tenure. If investment is wholly specific 

and the partial effect of current job tenure on expected job tenure is greater than 

one, then investment will increase.̂ ® To support this statement, they argue that 

uncertainty about the job's characterisfics exists in the beginning when current 

job tenure is low but decreases with current tenure as the individual learns about 

the job and whether its condifions are satisfactory. As knowledge about the job 

characterisfics and the job match is gained, expected tenure may be upwardly 

revised by more than one year. It is observed that a finite bound on expected job 

tenure would make the partial effect of current tenure on expected tenure 

diminish. Based on this reasoning, it becomes plausible that investment in 

specific training may initially increase but eventually decrease. Finally, noting the 

likelihood that training is partly general and partly specific and the indeterminacy 

of the partial effect of current tenure on investment, it is concluded that on the job 

investment may increase during the eariy years of tenure and decline later 

®̂ Noting the functional dependence between current job tenure and 
expected tenure, it is first reasoned that more specific training would be 
accumulated the longer the individual's tenure, ceteris paribus. Since the costs 
of leaving the current job increase with tenure through the accumulation of 
specific training, they reason that an incenfive is created to stay in the current job 
and hence expected job tenure increases with current tenure by this incentive. 
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holding constant previous experience. Cifing the possibility of finding a positive 

effect of previous experience on optimal investment at young ages, the optimal 

investment profile within a job may be shifted upward by an increase in previous 

experience. It may also be shifted downward from additional increases in 

previous experience. 

Regarding opfimal investment between jobs, it is shown that optimal 

investment profiles always shift upwards upon an instantaneous job change 

since investment at any time depends upon the length of the expected payoff 

period holding costs constant. With an unchanging payoff period for general 

training and a nonzero payoff period for specific training equal to the new 

expected current job tenure, marginal revenue of human capital investment 

increases and opfimal investment increases. Given this, Bartel and Borjas 

concluded that the existence of specific training introduces discontinuities in the 

investment path through job mobility. 

The implications of Bartel and Borjas' (1977) model regarding the behavior 

of observed earned incomes are as follows. Within a job, observed earned 

incomes may grow slowly or not at all during the eariy years since the partial 

effect of current tenure on investment may be posifive as previously shown. 

However, as tenure increases, this effect is expected to be negative and thus a 

positively sloped observed eamings profile vy«3uld be observed. Regarding the 

behavior of observed earned incomes profiles across jobs, it is ambiguous 

because of an indeterminant net investment effect. If the gains from mobility and 

search investments are greater than the loss in earnings capacity from the loss of 
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specific human capital from the previous job, then the shift in the earnings profile 

is positive if this net effect is greater than an offsetfing negative effect from 

increasing investment in the new job that creates higher investment costs. 

Impact of Uncertain Retums 
On Investment Profiles 

Monks (1998) considered the effect of uncertainty on human capital 

investment patterns by entering a dynamic and uncertain human capital rental 

rate into a Ben-Porath-type investment model. In the present model as with the 

Ben-Porath (1967) model, human capital investments are implicifiy assumed to 

be homogeneous since different investments through schooling and on-the-job 

training are not disfinguished. However, Monks' model is constructed with the 

aim of explaining how an uncertain future human capital rental rate may induce 

future schooling. An implicafion derived from the results is that the marginal 

revenue of human capital is an increasing function of human capital's expected 

future rental rate. Given increases in expected future returns, the marginal 

revenue of human capital may increase over time if changes in the expected 

future rental rate are large enough. Monks (1998, p. 416) states "This result is 

significant since the standard Ben-Porath human capital model implies 

monotonically decreasing investments in human capital over fime, even if the 

rental rate of human capital increases." In Monks' model, investments may 

increase over certain periods due to positive changes in expected returns to 

human capital investment. Furthermore, the rate of change in the marginal 
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revenue of human capital over time is found to increase with positive changes in 

the expected rental rate. It is pointed out that if expected returns to education 

are static, human capital investment will decrease. However, if the expectations 

of the future rental rate are increasing, current human capital investment will 

increase and investment will accelerate ceteris paribus. Suggesting that 

expectations do not change instantaneously but adapt over fime, Monks (1998, 

p. 417) concluded "If the increase in expected future returns to educafion are 

large enough to offset the negative effect of time on marginal revenue of human 

capital investment, then investment in human capital may increase." Clearly, in 

the case of deciding whether to enter or reenter formal schooling at an older age, 

expectations of high returns to such schooling may induce it. If schooling is 

induced at an older age and assuming some future retum is realized on such 

schooling, the behavior of earnings profiles should be affected, ceteris paribus. 

However, the question remains how will earnings profile behavior be affected. 

Explanations of Schooling Relationships 
with Earnings and Earnings Growth 

Mincer (1958) explained the positive relationship between average 

earnings levels and schooling attainment and the posifive relationship between 

growth of average earnings levels and schooling attainment using Adam Smith's 

compensation principle. This principle states that differences in wages partly 

arise from "certain circumstances" in occupations themselves "...which, either 

really, or at least in the imaginations of men, make up for a small pecuniary gain 
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in some, and counterbalance a great one in others..." (Smith, 1991, p. 88) The 

particular circumstance Mincer focuses his attention upon in both explanations is 

schooling. Generally, defining occupations by amounts of formal schooling they 

require, difl'erences in annual earnings between occupations are the result of 

differences in formal schooling and thus differences in indirect costs of income 

postponement and direct costs such as tuition and books, both of which increase 

with schooling. The higher the schooling level, the higher total schooling costs 

become and the greater the compensatory earnings differential between two 

occupations requiring different levels of formal schooling. This reasoning 

explains the positive relationship between average annual earnings and 

schooling level. 

To explain the positive relationship between growth of average annual 

earnings and schooling levels. Mincer (1958) first cited three findings from the 

developmental psychology literature concerning age-changes in productive 

performance. These findings are first that productive performance growth tends 

to be more pronounced and prolonged in more complex jobs requiring higher 

order skills, second, that growth is lower and decline sets in sooner in jobs 

requiring manual labor, and third that productive performance growth is faster 

and occurs longer among people with greater ability and more educafion in the 

performance of the same task in comparison to the productive performance 

growth of people with less ability and education. Based upon these findings, 

which suggested to Mincer that on-the-job training influences productivity more 

strongly in jobs that require more training. Mincer concluded that steeper 
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performance growth in jobs requiring more training implies steeper earnings 

growth. Therefore, earnings growth will be greater the higher the skill-order of 

training and the greater the amount of training acquired. This reasoning explains 

the posifive relationship between growth of average annual earnings and 

schooling level. 

Economic Explanafions For Engaging in Schooling 
at Older Ages 

At least as late as 1970 and perhaps even later, economists who put their 

faith in the human capital explanations of life cycle earned income concavity 

believed that the reason male earnings profiles sloped upward over a large part 

of the life cycle was a consequence of the believed-predominant tendency of 

individuals making most of their human capital investments particulariy through 

schooling but also on-the-job training at young ages. Such economists viev\/ed 

this believed-predominant tendency as a rational response of individuals to the 

problem of maximizing their present values of future earnings net of investment 

costs. Acquiring formal schooling eariy in the life cycle as opposed to later was 

viewed as rational behavior since investment costs increase with age due to 

rising opportunity costs associated with rising foregone eamings and since the 

period over which returns would be earned is longer with early occurring 

schooling investments. In addition, some economists viewed the acquisition of 

formal schooling later in the life cycle, perhaps with the exception of graduate 

level schooling, as either representing irrational behavior or consumption 
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(Christensen, Melder, andWeisbrod, 1975).'"' The strength to which some 

economists held these latter views could probably be more attributable to an 

immediate lack of theoretical guidance showing how later formal schooling could 

be considered rational or as investment than to anything else. 

The view that acquiring schooling eariy in the life cycle was rational was 

derived from the human capital explanations of earnings profile concavity. As 

noted in this review's section on the explanations of alternative earnings profile 

behaviors, these explanations assume perfect foresight and perfect capital 

markets. They also apply in the context of a static worid. Perhaps partly in 

recognition of the stringency of these restrictions and perhaps partly in 

recognition of the fact that not all students acquire schooling confinuously until 

they are finished, economists have found bases by which the acquisition of 

formal schooling at later ages may be viewed as rafional and as investment. 

Weiss (1971a) argued that whether schooling occurred later in the life 

cycle depended upon whether an individual's chosen lifetime occupational 

program was specialized or mixed. These programs are assumed to be chosen 

during the traditional schooling period of the life cycle and once chosen remain in 

place. The choice of a specialized program leads to eariy schooling investment 

^̂  How economists considered graduate level schooling is unclear. It is 
not known whether graduate level schooling has historically been acquired in 
accordance with the traditional schooling pattern or whether most graduate 
students had left college after complefing their undergraduate level work to return 
later for graduate level studies. What is known is that graduate level schooling 
has predominantly taken place at older ages or outside the age range of eighteen 
to twenty-four, the age for which one would have to fall into to be considered a 
traditional undergraduate student. 
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while the choice of a mixed program may require a new education period later in 

life depending upon the transferability of previous experience and educafion to 

the desired new occupation. Weiss observed that if transferability is low, then a 

new schooling period at later ages is predicted. Note that changes from one type 

of program to the other at later ages are not explicitly considered. However, it 

may be the case that individuals would desire such changes. In the event of an 

attempted transition from a mixed to a specialized program at a later age, 

schooling may be required even if transferability of previous experience and 

educafion were high. Previous experience and education may be 

complementary to the desired new occupation but the learning of higher order 

skills and knowledge may be necessary to make the attempted transition 

successful. In the event of an attempted transition from a specialized to a mixed 

program, transferability may be low. In this case, previous experience and 

schooling may have more of a substitute nature with the required skills for the 

new occupation. Again, additional schooling may be required to make such an 

attempted transition successful. 

Corman (1983) argued that it may be rafional for individuals to defer their 

post-secondary schooling investments if the value of education depreciates. 

Women planning labor force entry after a period of childrearing who also 

postpone post-secondary educafions are cited as one example. In this case, 

college educations are postponed as a means of depreciation avoidance. It also 

stands to reason that individuals may also choose to reenter schooling at an 

older age if their previous education has become obsolete due to either 
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advances in technology or advances in terms of required knowledge for specific 

occupations. Such advances typically induce learning as a means of remaining 

competitive among other members of the labor force in dynamic labor markets. 

Corman also suggested that individuals may defer their higher educafion 

or engage in them on a part-time basis because of an inability to pay resulting 

from imperfect capital markets. Individuals who cannot borrow against their 

future incomes because of capital market imperfecfions must fund their higher 

educafion either out of their current incomes, their accumulated wealth, or, 

lacking both, they must rely on other forms of aid if it is available to them. Those 

individuals funding their education out of current income must engage in paid 

work while undergoing their educafion and thus face a higher probability of part-

time schooling thus drawing out their education over a longer period of time 

versus someone who attends on a continuous full-time basis. 

Corman is not the first to suggest that capital market imperfections may 

have an impact on the fiming of schooling investment. Weiss (1971b) attributed 

observed delays in obtaining bachelors, masters, and doctoral level degrees of 

scientists to capital market imperfections as well as uncertainty and exogenous 

events such as wars. Other economists (Wallace and Ihnen, 1975; Lazear, 

1980) have investigated the effects of capital market imperfections on optimal 

schooling investment. Wallace and Ihnen (1975) focused on the length of Ben-

Porath's (1967) schooling specializafion period. In simulations, they find the 

length of the schooling specialization period to be "quite sensitive" to loan market 

assumptions. With loans, the schooling specialization period is found to be 
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shorter by three years. Lazear (1980) focuses on the effects of differences in 

borrowing costs between what he characterizes as rich and poor students on 

attained schooling levels. Finding that implicit borrowing costs differ by a 

statistically significant twenty-five hundredths of a percentage point, Lazear 

concluded that the poor face higher implicit borrowing costs but that the 

differences are slight. Though his conclusion regarding the effects of this 

difference on the length of optimal schooling is unclear, one is led to believe that 

optimal schooling investment period is shorter for more financially constrained 

students who face greater borrowing costs. 

Marcus (1986) argued that individuals may return to school at an older 

age after dropping out if their earnings are below their expected earnings. Note 

that this argument may apply to other individuals, individuals who have not 

dropped out but who quit schooling after completing some particular level to 

return to schooling later at perhaps the next higher level. Such individuals, who 

perhaps entered the labor force after completing high school, an associate 

degree, or bachelor degree, may also find their earnings below their expected 

earnings. In any case, individuals who have participated in the labor force will 

have gathered information on their work-related abilities, on how their abilifies 

may limit their future job prospects and what abilifies would be required for those 

prospective jobs, on job-related attributes of different occupations, and on their 

preferences. Given this information and information on the direct and indirect 

costs of pursuing higher education, individuals may be more inclined towards 

pursuing additional education. 
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The most recenfiy developed economic explanation for engaging in 

schooling at an older age is attributable to Monks (1998). According to his 

model, Monks reasoned that schooling in general could be induced at an older 

age if its expected return is large enough to offset the negative effect of time on 

the marginal revenue of such schooling. While this argument directiy applies to 

the problem of delayed schooling, it may also apply to interrupted schooling in 

the case of long interruptions especially where long periods of labor force 

participation occun-ed in place of schooling. In this case where schooling had 

been halted and perhaps schooling programs were not completed, high expected 

returns could influence decisions to resume schooling at an older age. 

Light (1996) found evidence that supports the work of Marcus (1986) and 

Monks (1998). It is found that increases in age, the number of siblings, average 

tuition levels in the respondent's state of residence, current wages, and average 

weekly hours of work result in decreased schooling reenrollment hazard rates. 

The point is made that the negative effects of wages and weekly hours on the 

reenrollment hazard suggests that highly paid full-time workers have lower 

hazards because they face greater opportunity costs associated with the 

reenrollment decision. But it is also found that young men who work every week 

have a higher reenrollment hazard than those young men who are employed 

discontinuously. Light argues this result may be because young men need to 

work and save money before they can reenroll. 
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Chapter Summary 

The specific origin of the concept that earned incomes generally follow 

concave paths over individual life cycles is unknown. However, the first 

application of the human capital concept regarding individual earned incomes 

was its use in explaining earned income concavity. The first explanations 

(Mincer, 1958; Becker, 1962; Lydall, 1968) are rather informal in comparison to 

those that followed (Ben-Porath, 1967; Mincer, 1974). However, these 

explanations are important because they illustrate rather strongly the point that 

earned income behavior over fime depends upon much more than just human 

capital accumulation. Once formal concavity explanations were developed, 

economists were able to see how changing human capital investment patterns 

would result in alternative earnings profiles behaviors. 

For the most part however, these developments still relied on the 

assumption of the traditional schooling pattern. It has only been recently that the 

effects of schooling at older ages on earned incomes has been of interest even 

though economists recognized rather eariy that cases existed where alternative 

schooling patterns existed. However, \he focus of these studies was on 

explaining why observed schooling patterns may deviate from the traditional 

schooling pattern. This work is important because it allowed economists to view 

schooling at older or nontraditional ages as rational and as investment behavior. 

However, economists still have not generally addressed the effects of such 

schooling on the behavior of life cycle earned income profiles. They have only 

addressed the effects of such schooling on earned income. To study individual 
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earned income profile behavior and the effects of schooling obtainment on this 

behavior, one needs to study earned income growth. This requires a model of 

earned income growth. This study's model is discussed in the following chapter. 

45 



CHAPTER III 

CONCEPTUAL ANALYSIS 

Introducfion 

The aging of the college-attending population at the undergraduate level 

alone implies that the traditional schooling pattern may no longer be as 

generalizable to its previous extent. It may be violated such that it no longer 

applies to the working population at large or it applies to a significantiy smaller 

and possibly decreasing portion of the work force. While economists have 

recently recognized the aging of the college attending population, they have yet 

to develop the implications of obtaining schooling at older ages on earned 

income growth and eamed income behavior over time. 

This conceptual analysis is a step in that direction. First, an illustration is 

offered as to how obtaining schooling at older ages may influence eamed income 

growth. Second, a model of eamed income growth is constructed that would 

allow analysis of the effects of obtaining schooling at older ages. Finally, some 

comments are offered as to how acquiring schooling at older ages may influence 

life cycle earned income profiles. 

An lllustrafion: How Obtaining Schooling at Older 
Ages May Influence Earned Income Growth 

Referring to Figure 3.1, suppose agents a and Q are homogeneous with 

respect to every characteristic with the following exceptions. First, the points in 

time when a and Q. entered their present occupations differ with agent CI 
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Experience 

Figure 3.1: On-the-job Training Accumulafions Assuming a Fixed Initial 
Experience Level and Tenure Differences 
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preceding agent a. Second, their tenures (Tjo) at the same employer differ with 

TQO > Tao. If it is assumed Eao equals EQO where Eo is the number of years of 

work experience at to, then agent a has work experience and on-the-job training 

from a different employer requiring another assumption. This assumption is that 

the on-the-job training acquired by agent a at previous employers is firm specific. 

With this assumption, the effects of this employer-specific training from previous 

employers on current earned incomes are nullified. Assuming that the on-the-job 

training profiles in Figure 3.1 are concave over the relevant experience range, 

then given the same AE from Eo implies AOJTn < AOJTa. Given earned incomes 

and on-the-job training are positively related with negative second derivatives 

during the duration of an employee's tenure, AYQ < AYa even though Eao = EQO 

and ATa = ATQ. In other words, an individual's earned income growth may be 

greater than another similar individual's earned income growth even though they 

have the same numbers of years of work experience, the same numbers of years 

of additional years of tenure with the same employer, and identical jobs with that 

employer, ceteris paribus. 

Note that the above illustration holds the individuals' ages to be identical. 

This however need not be the case. The results hold if it is also assumed agent 

a is older than agent Q in this illustration. Immediately, one could argue that by 

agent a being older, his abilities may not match the abilities of a somewhat 

younger individual and hence agent a's earnings growth may be lower than 

agent Q's on these grounds. This is perhaps more likely if one is referring to 
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physical ability. Physical ability generally increases to a peak at some time 

around middle age and then decreases. The effect of aging on mental ability is 

not definifive due to contradictory evidence as revealed by Lydall (1968). If 

mental ability increases rapidly at young ages then levels off over time, as some 

studies have suggested, then the issue of whether aging brings about declines in 

mental ability and productive performance is relatively moot when productive 

performance is being gauged in occupations and jobs that rely more on mental 

ability than on physical ability. Note that these are the types of jobs that the 

acquisition of higher education tends to permit. These are also the types of jobs 

that individuals tend to transition into as they age, jobs whose productivity is 

determined more by mental ability than physical ability. 

The above illustration also holds the previous training of agent a to be 

entirely firm specific and hence not transferable to the new job in the new 

occupafion, both being made accessible through acquiring higher education. 

Under this assumption, previous training should have no effect on eamed income 

behavior at the new job in the new occupation. This assumption may also not be 

necessary. If such training were at least in part general and hence transferable 

between jobs and occupations, it is expected that it would complement 

contemporaneous training acquired in the new job. If this complementary 

relationship between training acquired on the previous job with training acquired 

on the current job holds, then it is also expected that productive performance in 

the new job would be enhanced by it. If such enhancements in productive 

performance materialize through this complementary relationship, then it is 
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reasonable that employers may reward employees for their previous experience-

induced productivity gains that are over and above the productivity gains 

attributable to the contemporaneous training. 

With this illustration's inifial assumptions and particulariy identical acquired 

schooling, AYa > AYQ when Eao = EQQ and ATa = AT^. It has also been shown 

that these results may hold in the presence of age differences and in the case 

w+iere previous training may not have been entirely firm specific but partly 

general and complementary with current training. 

Earned Income Growth Model 

The model presented here draws upon Lazear's (1976) wage grovy/th 

model. Assume earned income grows exponenfially. Specifically, a 

representative individual's earned income growth over the closed time interval 

[0,T] is described by 

Y,,=KY„exp{yJ + s.) (3.1) 

where Yit is the ith individual's earned income at time t. The parameter K is a 

period effect parameter that is unique to the time interval [0,T] and constant for 

ail individuals. It is assumed to capture business cycle and birth cohort effects. 

Yi is the individual's earned income growth rate. Sj is a random error term that is 

assumed to be distributed multivariate normal with mean zero and variance cŷ l. 

It is also assumed to be unautocorrelated. 
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Assume y, is a function of the years of schooling that occurred prior to 

entering [0,T] or So, of additional schooling within [0,T] or ASi, of the individual's 

age at to or A, and of on-the-job training within [0,T] or AOJTj. The per period 

earnings growth rate is assumed to be an additive function such that 

Yj = tto + â Sjo + ttjASj + ttjAj + a4A0JTi. (3.2) 

The parameter oo captures unmeasured exogenous effects and is assumed to be 

positive. The expected sign of ai is positive since earned income growth 

increases with schooling levels. Assuming additional schooling is not acquired 

for the sake of enjoyment of the learning experience but is acquired for use in the 

labor market, the sign of a2 is indeterminant since additional schooling within 

[0,T] may be either of a complementary or substitute nature to previous schooling 

and cunrent job-related skills used in generating current income. If additional 

schooling is complementary to previous schooling and current job-related skills, 

then its sign is expected to be positive since the additional schooling will add to 

the individuals effective stock of marketable human capital and thus to his 

earnings capacity. If additional schooling is a substitute for previous schooling 

and current job-related skills used to generate current income, then the sign of a2 

is expected to be negative since the additional schooling may replace a portion of 

the previously accumulated human capital stock. The expected sign of as is 

negative since earnings growth is expected to decrease with age. The expected 

sign of a4is positive since acquiring additional on-the-job training inaeases the 

individual's human capital stock and thus his earnings capacity. 
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Further assume AOJTj is a funcfion of incremental work experience AEi 

and of the level of work experience at to Eo. The marginal on-the-job training 

equation is assumed to take the form 

AOJT. = 61 AEi + SjAE, x E.^ (3.3) 

where AEj = EJT - Eio is the incremental labor market experience within the time 

interval [0, T]. The expected sign of 62 is negative. It is negative since given any 

positive AEj from Ejo, AOJTj diminishes as Ejo increases holding constant AEj. 

This expectation can be generally explained as follows while referring to Figure 

3.2. Assume the on-the-job training profile depicted in Figure 3.2 is a concave 

function over the relevant experience range. Let two otherwise completely 

homogeneous agents a and Q possess Eao and EQO years of work experience 

where EQO > Eao. Since it is assumed ^ %2c < ̂  • ̂ OJJa < AOJTa given the 

same AE from Eao and Eno. This says the higher Ejo is at to, increments to on-

the-job training become smaller. Based on this reasoning, the relation between 

the product of Ejo and AEj with AOJTj or 82 is negative. Given earnings and on-

the-job training are positively related with negative second derivatives, as AOJTj 

decreases vy/ith experience at to, AYj decreases. Therefore, AOJTj and AYj both 

decrease with experience at to. As AOJTj becomes smaller with greater 

experience at to, the ceteris paribus effect on earnings becomes smaller in any 

year after to. This implies earned income growth over some fixed time interval 

decreases as Ejo increases at to, ceteris paribus. 
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Figure 3.2: Differences in On-the-job Training Accumulation 
Given Differences in Inifial Experience Levels 
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The expected sign of 5i is positive. This expectation arises since greater 

amounts of on-the-job training are expected to be accumulated the greater the 

amount of additional work experience within [0, T]. However, the partial effect of 

Ejo on AOJT is such that ^^^"^VQ^ =^^+ SjAE; > 0 only if 5i > 0 and 

6, > ISsAEjj. This condition is assumed to hold throughout the remaining 

discussion. 

Substituting equation (3.3) into equation (3.2) yields the earnings growth 

rate YJ such that 

Yi = Go + e,S„ + e^ASi + Q,A; + G^AE, + GgAE, x E.,^. (3.4) 

The sign of each Gj, where j = 0, 1, 2... 5, are as follows; 

Go = tto > 0 

G,. = a, > 0 

G2 = a2 > or < 0 

G 3 = a 3 < 0 

e, = a^Si > 0 

G5 = a462 < 0 

Substituting (3.4) into (3.1) and taking the natural logarithm yields 

Y i t / I = no + TiiSio + TiaASi + rijAi + ri^AE, + TigAE, x Eio + s, (3.5) In /w 
'loy 

where 

no - lnK + TGo>0 Ti3=G3T<0 

ri, = G J > 0 i i 4 = G J > 0 

n2=62T>or<0 ii5=G6T<0. 

Equation 3.5 is estimable. 
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Comments 

Eariier, it was shown that an individual who engages in schooling at an 

older age and uses that schooling in the generation of earned income may 

experience greater earned income growth than the earned income growth 

experienced by a younger individual with the same schooling, occupation, job, 

employer, and equivalent years of labor market experience holding everything 

else constant and given certain behavioral assumptions on the on-the-job 

training-experience profiles. This illustration reflects the idea that schooling 

acquisition is a progressive process for the vast majority of students, that 

individuals who engage in schooling work their way up through the different 

levels with each succeeding level being higher than the preceding level. With 

this progressive process in mind and assuming agent a had completed some 

schooling at some next lower level, it is natural to think that progression through 

the different schooling levels would lead to a higher eamed income and hence 

positive and higher earned income growth if we bear in mind the positive relation 

of education attainment with earned income and earned income growth via Adam 

Smith's compensation principle. 

In the real world however, this may not always be the case. This is 

because earned incomes are related to other factors such as labor market 

conditions and job and occupational characteristics besides workers' abilities and 

motivations. Additionally, it is always possible that an individual may use 

schooling as a means to transition to an occupation where earned incomes tend 

to be lower than in the individual's previous occupation. The purpose of the 
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illustration on how schooling at an older age may influence earned income 

growth is to ultimately show the possibility earned income growth need not follow 

age graded behavioral norms implied by concave life cycle earnings profiles. 

That is, schooling at older or nontraditional ages can create opportunities for 

increased earned income growth at older ages. The model section provides the 

framework by which the effects of schooling at older ages on earnings growth 

may be analyzed. 

56 



CHAPTER IV 

METHODS AND PROCEDURES 

Introduction 

The present study's general objectives are to empirically investigate over 

a broad age range whether and how obtaining education at older ages affects 

men and women's earned income growth and to invesfigate how obtaining 

education at older ages affects the behavior of life cycle earned income profiles. 

Its specific objectives are: (1) investigate eamed income growth experienced by 

those who did and did not concurrently obtain education, (2) describe and 

compare earned income behavior experienced by those who did and did not 

obtain education, (3) invesfigate how earned income growth varies with age 

when education obtainment takes place, (4) investigate the effects of concurrent 

education obtainment on eamed income growth, (5) investigate whether and how 

these effects vary by age of education obtainment, (6) simulate earned income 

growth rates by age of education obtainment to identify earnings growth behavior 

of those who did and did not concurrently obtain education, and (7) describe and 

compare the implied behavior of eamed income profile segments of those who 

concurrently obtained education at different ages with the implied segment 

behavior of those who did not obtain education. 

Note that in this study the act of obtaining education in a period over which 

earned income growth is measured, education obtainment will be considered 

concurrent to earned income growth or occurring in the same period in which 
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earned income growth is measured. Further note that education obtainment is 

considered to differ from education attainment. Education obtainment refers to 

the act of acquiring college education to either the extent of participating in 

college education or to the extent of participating to the point of receiving a 

degree. Education attainment refers to the highest level of college education that 

an individual may have reached, that is, associate, bachelor, master, or doctoral 

level, at a time occurring prior to the period in which earned income growth is 

measured. This study focuses on the effects of the act of acquiring education 

while it largely ignores the variation in these effects that may be attributable to 

the different levels of education attainment individuals may have reached prior to 

entering the period or periods under study. 

This chapter is organized by the above specific objectives. The first major 

section, Invesfigafing Relationships Between Education Obtainment, Earnings 

Growth, and Earnings Behavior, addresses specific objectives (1), (2), and (3). It 

details the advantages and disadvantages associated with this study's chosen 

dataset, the sample inclusion criteria for conducting the first three investigations, 

how the invesfigafions will be conducted, and the statistical tests that will be 

used. The second major section. Estimation of Education Obtainment Effects, 

addresses specific objectives (4) and (5). It details the criteria for inclusion in the 

study's samples from which the econometric models will be estimated, the 

modifications that will be made to chapter three's equation five, the variables that 

will serve as controls, the esfimators that will be utilized, and the models that will 

be estimated. The third major section. Simulation Exercises, addresses specific 
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objectives (6) and (7). It details how the simulations will be performed and it 

provides the background by which the behavior of simulated earned income 

growth rates will be judged. Recognizing that men and women's earnings and 

earnings growth may be differenfially affected by education obtainment, separate 

analyses will be conducted for men and women. The remainder of this chapter 

takes this as given so the following discussion of the planned methods and 

procedures is general with the intent that these will be applied to both genders. 

Investigating Relationships Between Education 
Obtainment. Earnings Growth. 

and Earnings Behavior 

Data: Advantages and Disadvantages 

This study will utilize data from the National Science Foundation Survey of 

Natural and Social Scientists and Engineers (SSE).^^ Surveys were conducted 

on the same individuals beginning in 1982 followed by surveys in 1984, 1986, 

and 1989. Besides being longitudinal, the SSE's main advantages are its 

detailed information in each year surveyed on demographic characteristics, labor 

force participation, job characteristics, education attainment, and schooling 

participation. The set of recorded demographic characteristics includes sex, age, 

race, citizenship, marital status, region of residence, and the presence of young 

and older children living with the sampled individual. The set of labor force 

^̂  Survey of Natural and Social Scientists and Engineers (SSE), 1989 
Microdata File Technical Documentation / prepared by the Data User Services 
Division, Bureau of the Census. Washington: The Bureau, 1990. 
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participation variables includes observations on the number of years of 

professional work experience, employment status, whether more than one job 

was held, and the numbers of weeks worked, weeks unemployed, and the 

number of weeks spent outside of the labor force over one calendar year. In 

addition to individuals' primary and secondary work activities within employers, 

workers' occupations and their employers' types are observed. Education 

obtainment is measured in terms of the type of degree obtained and the year it 

was obtained. Finally, education participation is observed in terms of 

participation status, that is, whether the individual participated and whether such 

participation was on either a part or full-time basis. 

One major disadvantage of the SSE is its failure to be a representative 

sample of the U.S. population (Bureau of the Census, 1990). Its universe is a 

stratified systematic sample. Inclusion is based upon 1980 Census responses. 

To be included, the individual would have had to either worked in one of several 

select scientific or engineering census occupations and to have possessed at 

least four years of education if a scientist and at least two years if an engineer. 

The person would have also have had to been a part of either the experienced 

civilian labor force or of the labor reserve. The experienced civilian labor force 

includes those who where presently employed or experienced but unemployed. 

The labor reserve consists of persons out of the labor force but who worked in 

one of the selected census occupations within the previous five years. Given 

these inclusion criteria, the proposed study's findings will not be generalizable to 

the general U.S. populafion. 
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Another major disadvantage associated with the use of the SSE is that 

earned income variables do not pertain to earned income in the years of the 

surveys. Earned incomes or total professional salaries that are recorded are 

from the years preceding the year of each survey. The numbers of weeks 

worked also pertain to the year preceding the surveys. However, observations 

on employment status and primary work activities for instance pertain to the 

years in which the surveys were conducted. Because earned income information 

is not observed in the same year as the other variables are observed, besides 

the number of weeks worked, application of the econometric model will require 

use of certain assumptions that will be detailed later in this chapter when the 

econometric models' variables are discussed. What requires notation at present 

is that this disjunction will affect the parameter estimates. How they will be 

affected is uncertain but suffice it to say that the parameter estimates will suffer 

from an error-in-variables problem more so than if no disjunctions existed in the 

data. 

Another disadvantage associated with the use of the SSE is that 

observations are not made on variables such as a spouse's income, labor force 

participation, et cetera. It has been shown that a spouse's income as well as 

labor force participation does influence the labor force participation decision of 

another spouse in studies of family income and family labor supply. This aspect 

will become particulariy important in the discussion of women's earned income 

growth. 
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Sample Inclusion Criteria: First Three Investigations 

The samples for the first three investigations have broad inclusion criteria. 

In general, individuals will be included in each of the samples for each 

investigation if their reported age was 21 through 61 in 1982. Also, individual 

cases will be deleted from the samples if observations on total professional 

salaries, college attendance, and degree attainment are coded as missing. 

These broad inclusion criteria are chosen such that the samples will be as 

representative as possible of individuals who engaged and did not engage in 

education obtainment. Therefore, no distinctions will be made as to the types of 

educations that were obtained though it is probable that the majority of 

individuals participated in graduate education given the SSE's inclusion criteria. 

For fulfillment of the first specific objective, individuals will be included in 

the sample if their total professional salaries in both 1981 and 1983 reported in 

the 1982 and 1984 surveys respectively are not equal to zero.̂ ® For fulfillment of 

both the second and third specific objectives, individuals will be likewise included 

in the samples if observafions on total professional salaries in 1981, 1983,1985, 

and 1988 are not equal to zero. 

®̂ Note that total professional salaries are top-coded in the SSE if they 
were greater than $75,000 in the 1982, 1984, and 1986 survey years. They are 
top-coded in the 1989 survey year if they were greater than $99,900. 
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Invesfigative Methods and Statistical Tests 

Relationship Between Earnings Growth 
and Concurrent Education Obtainment 

The purpose of this investigation is to establish the relationship between 

earned income growth and concurrent college education obtainment that existed 

over a small segment of sampled individuals' life cycles covering the period from 

the end of 1981 through the end of 1983. Human capital theory implies only that 

the greater the amount of education an individual possesses at the beginning of 

a period, the greater his earned income and the greater his earned income 

growth over the same period. The theory does not directly address the 

relationship between earned income growth and concurrent education 

obtainment though one might expect increased earned income growth if 

accumulated capital profiles inaease, investment profiles decrease, and some 

rate of return is earned on the concurrent additions to human capital stocks. 

Given the data to be used, concurrent college education obtainment can 

be detected to three different degrees. First is the degree that no college 

education was obtained in the 1981 to 1983 period. Second is the degree that 

college education was obtained concurrently to the extent of participation. Third 

is the degree that college education was obtained concurrently to the extent that 

a degree was received. 

These three degrees of concurrent education obtainment represent three 

mutually exclusive and independent groups. Therefore an appropriate statistical 

test is the two-tailed Z test for equality between the means of two normally 
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distributed populations represented by large samples. After computing the log 

earned income growth means for each of the above groups, these tests will be 

performed for each of the three group-wise pairs of means. In this manner, the 

existence of significant statistical differences between the means can be 

established as well as the prospective concurrent education obtainment 

relationships to earned income growth. 

Earned Income Behavior And Education Obtainment 

The purpose of this investigation is to establish how earned income 

behavior over somewhat larger segments of individuals' life cycles may be 

affected by education obtainment occurring in the period under study. By 

dividing the period under study into three sub-periods, it will be possible to 

determine whether and how education obtainment may affect earned income 

growth during the sub-period the education was obtained. In these cases, 

earned income growth will be concurrent to education obtainment. Given the 

possibility that no education may be obtained during two of the remaining sub-

periods, it will be possible to additionally determine whether and how education 

obtainment in one sub-period may affect earned income growth in another sub-

period up to a maximum of two lagged periods. In these cases, education 

obtainment will be ex ante to earned income growth. 

Again, human capital theory predicts earned incomes and earned income 

growth will be higher given greater human capital investments. Numerous 

empirical studies incorporating the effects of previously acquired schooling on ex 
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post earned incomes provide evidence in support of these predictions. But the 

human capital theory of earned income behavior determination and the above 

mentioned empirical studies are generally based on the assumption of schooling 

being acquired according to the traditional schooling pattern. 

Since longitudinal data is available with the SSE, it is possible to establish 

whether college education was obtained in each sub-period and the extent to 

which it was obtained. Since there are three sub-periods, there are a total of 7 

possible temporal education obtainment patterns for the two groups where 

education obtainment may be indicated. In order to understand how concurrent 

education obtainment may affect earned incomes, mean log eamed income 

growth will be calculated for the periods of 1981 to 83, 1983 to 85, and 1985 to 

88 for each of the three previously mentioned education obtainment groups and 

by the seven possible temporal education obtainment patterns within the groups 

that obtained college education. Note that additional sample inclusion criteria are 

required with use of the SSE's 1986 and 1989 panels. Individual cases will be 

deleted if observations on total professional income in either 1985 or 1988 are 

zero or missing. Individual cases will also be deleted if their variables indicating 

education obtainment are also coded as missing. 

To establish how education obtainment during the 1981 through 1988 

period may affect earned income behavior over the same period, it is a matter of 

determining the earned income growth experienced by those who obtained no 

education during the entire 1981 through 1988 period with the earned income 

growth experienced by those who did obtain education during at least one of the 
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three sub-periods. This will be accomplished by comparing the patterns of mean 

log earned income growth for those who obtained education by their respective 

temporal patterns to the pattern of mean log earned income growth present for 

the group that did not obtain college education in any of the three periods. To aid 

the comparisons, the log earned income growth means will be tested against the 

null hypothesis that the mean equals zero with a two-tailed Z test. If a particular 

period's mean fails to achieve statistical significance with 95% confidence, the 

mean will be presumed to equal zero during the comparison with the same 

period's mean for the group that did not obtain educafion in any period. 

Relationship between Earned Income Growth And 
Age: Examining the Effects of Education Obtainment 

The purpose of this investigation is to establish how earned income 

growth varies by age while controlling for education obtainment. In other words, 

its purpose is to establish whether education obtainment at different ages affects 

earned income growth behavior and how this behavior may be affected. Again, 

human capital theory has its predictions as stated above. The question to be 

addressed here is whether these predictions are age neutral or age dependent, a 

question that has yet to be addressed in the human capital literature. 

To determine how education obtainment at different ages may affect 

earned income behavior, it is a matter of determining how earned income growth 

may be affected by education obtainment at different ages. To accomplish this, 

individual cases will be sorted into one of four possible age classes. These 
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classes are ages 21 through 31, 32 through 41, 42 through 51, and 51 through 

61. Mean log earned income growth will be computed by these age classes and 

by education obtainment group for the 1981 through 1988 period. Within the four 

age classes, differences in the means of those who did not obtain any education 

concurrently from the means of those who did obtain education concurrently will 

be tested for statistical significance using a two-tailed Z test that assumes a 95% 

confidence level. Additionally, differences between the means of those who 

obtained education to the two possible extents will be tested in the same manner. 

Estimation of Concurrent Education Obtainment 

Effects 

Sample Inclusion Criteria 

The male and female samples will be comprised of residents of the fifty 

states of the United States who reported their age as being of age twenty-one 

through age fifty-nine in 1982 and reported an annual income greater than zero 

in both 1982 and 1984. The upper age limit of 59 is chosen so that effects of 

social security eligibility at age 62 will be lessened. Individuals will be excluded 

who were not in the labor force in either 1982 or 1984 and whose employment 

status was either not reported, was listed as unemployed, or was not available. 

They will be excluded if they were self-employed in either year or their principal 

employing type of organization was the U.S. Military with the individual either 

being on active duty or a member of the officer corps. In addition, individuals will 

be excluded who either indicated their highest degree received by May of 1982 
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or their received degree after May 1982 was either an RN, JD, MD, DDS, DDM, 

DO, or DVM. Individual records will also be deleted from the samples in the case 

of missing observafions. 

Modificafions to Chapter Three's Equation Five 

A problem utilization of the SSE brings to the proposed study is that the 

number of years of education is not observed after the initial survey year, 1982. 

Therefore, the number of additional years of schooling (ASj) in any time interval 

cannot be determined. However, data on whether individuals were attending 

school in the initial year 1982, on whether individuals attended school since May 

1982, on the most recent degree they were either working towards or had 

attained by 1982, the year they received their most recent degree as of 1982, 

and whether they obtained a degree since May 1982 are available. The two 

attendance variables will allow creation of a dummy variable ATTEND. This 

variable detects whether an individual obtained college education to the extent 

that he participated during the time interval between 1981 and 1984. Note that 

since total professional salaries are recorded from the years 1981 to 1983 and 

the attended college since may 1982 question was asked in the 1984 survey, the 

variable ATTEND will over over-represent education participation during the 1981 

to 83 period. Since there is no means by which the extent of this over-

representation exists, no correction is possible, and it will need to be assumed 

that all individuals who participated in college education did so during the 1982 to 

83 period. With the two variables detecting the most recent degree as of 1982 

and the year it was received plus the variable detecting degree receipt since 
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1982 in the 1984 survey, a dummy variable that accurately detects concurrent 

degree receipt between 1981 and 1983 can be constructed. This dummy 

variable is RCVDGR and will be added to the econometric model along with the 

dummy variable ATTEND. 

Two other modifications to equation five are that the numbers of weeks 

worked in both 1981 and 1983 will be included as explanatory variables. An 

alternafive to their inclusion as explanatory variables is to use them to calculate 

average annual earnings per week of work in each year, calculate growth in 

average earnings per week of work between 1981 and 1983, and regress growth 

in average annual earnings per week of work on the chosen set of explanatory 

variables. This opfion will not be used even though it is a common practice in 

earnings growth analyses. It will not be taken since averaging annual earned 

incomes by the number of weeks worked in each year will remove variation from 

the annual eamed income data and hence variation in annual earned income 

growth, variation that contains information to be analyzed. Instead, controls for 

different sources of variation as suggested by the literature review will be 

included in the econometric models. 

Control Variables 

The control variables to be included in the econometric models are of two 

types. They are transition dummy variables and dummy variables. Economists 

are well informed concerning the utilization of dummy variables as explanatory 

variables. However, no information concerning the use of transition dummy 
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variables as explanatory variables as well as interpretation of their associated 

effects has been located in the economics literature even though their use as 

explanatory variables (Loprest, 1992; Keith and McWilliams, 1997) has 

precedence in the empirical literature. Therefore, this section's first part will 

delineate the difference between binary coded dummy variables and transition 

dummy variables, delineate the differences in their uses and empirical questions 

that may be addressed with them, illustrate the use of the latter type of variable, 

and illustrate how their expected effects may be determined. This section's 

second part will then discuss the transition dummy variable controls that will be 

included in the econometric model and their expected qualitative effects. This 

section's third part will then detail the dummy variable controls that will be 

included in the proposed analysis along with their expected effects. 

Transition Dummy Variables 

Binary coded dummy variables with one indicating occupation of a given 

state or the presence of a specific characteristic and zero indicating otherwise 

are used empirically in regression-type analyses when researchers simply wish 

to either control for a state or characteristic or establish whether occupation of a 

particular state or the presence of a specific characteristic has statistically 

significant effects relative to the effects of an omitted state or characteristic. 

Transition dummy variables on the other hand are a special type of dummy 

variable that differ in terms of what they can indicate. With binary coding, they 

can indicate passages between states over time in specified directions and 
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changes in characteristics over fime as well as the lack of specific passages or 

characteristic changes. When used empirically as explanatory variables, they 

can control for the effects of such events and they can help establish whether 

passages between states over time in specified directions or changes in specific 

characteristics has statistically significant effects relative to the effects of an 

omitted passage or characteristic change. They can also address the question of 

whether no passage between states or changes in characteristics has a 

statistically significant effect relative to the effects of an omitted passage or 

characteristic change. These are two very different empirical questions from the 

question that can be addressed with binary coded dummy variables. With these 

empirical questions in mind, the potential of using transition dummy variables in 

empirical analyses is that they offer a way of empirically controlling for and 

estimating the effects of change as well as the effects of the absence of change, 

effects that fundamentally differ from the effects estimated with traditional binary 

coded dummy variables. 

Examples of transitions that may be captured by binary coded transition 

dummy variables are passages from part to full-time employment and from full to 

part-time employment.^ Note that lack of a transition may also be indicated. For 

instance, it could be indicated for those who were employed part-time in both the 

initial and terminal time periods. This would leave those who were employed full-

^ Transition dummy variables can also indicate a passage to one of more 
than one possible outcome. An example exists in the case of marital status 
where individuals may transition from being married to being either separated, 
divorced, or widowed. 
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time in both the initial and terminal periods as the omitted group. Another option 

is that the omitted group could be comprised of all individuals who made no 

transition. Finally, the omitted group could also include those who made the 

transition from full to part-time employment with those making no transition. 

Thus, an econometric model could either include three transition dummy 

variables that describe two specific changes in employment status and describe 

at least one case where no specific change in employment status occurred; it 

could include two transition dummy variables indicating only two specific changes 

in employment status; or it could include just one employment status transition 

dummy variable. In the end, the number of employment status transition dummy 

variables depends upon the empirical questions the researcher wishes to 

address. 

As with binary coded dummy variable effects, transition dummy variable 

effects' signs regarding earned income growth may be determined a priori with 

the expectations being dependent upon the composition of the omitted group. To 

demonstrate, consider the employment status transition dummy variable where 

the transition from part to full-time employment is detected and the omitted group 

consists of those not making any transition plus those transitioning from full to 

part-time employment. The expected sign of the transition dummy variable that 

indicates transitioning from part to full-time employment is positive. This 

expectation exists for two reasons. First, stable employment implies lower 

potential per period human capital investment over the time interval relative to 

the potential per period investment of those transitioning from part to full-time 
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employment. Therefore, earned income growth associated with those exhibiting 

stable employment in both cases is expected to be lower than the earned income 

growth expected of those who transition from part to full-time employment. 

Second, transitioning from full to part-time employment implies lower per period 

investments in the terminal period and hence decreased earned income growth 

relative to the earned income grov^h expected of those who transition from part 

to full-time employment. For these two reasons, the sign of the single transition 

dummy variable indicating a transition from part to full-time employment is 

expected to be positive when the omitted group is comprised of individuals who 

were in part-time employment in both periods, who were in full-time employment 

in both periods, and who transitioned from full to part-time employment. 

Note the above example's omitted group's third component constitutes a 

separate transition. This component could be broken out from the omitted group 

by designating a second employment status transition variable leaving just the 

two components experiencing no transition in employment status as the omitted 

group. If this is done, then this last transition effect's expected sign is negative 

since potential per period human capital investment decreases with this particular 

change in employment status and since earned income growth is positively 

associated with human capital accumulation. Also, this last transition effect will 

not necessarily be symmetric with the transition effect of changing from part to 

full-time employment. The expected effect of transitioning from part to full-time 

employment remains positive. It is also possible to separate the two no transition 

groups by adding a third employment status transition variable that either 
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indicates being in part-time employment in both years or being in full-time 

employment in both years. Whichever one is chosen for designation of this third 

transition variable will determine the composition of the omitted group and hence 

the signs of the three indicated employment status transition dummy variables. 

Transition Dummy Variable Controls 

The econometric model will include as explanatory variables the transition 

dummy variables indicating transitions from part to full-time employment (PTFT) 

and from full to part-time employment (FTPT). It will also include a transition 

variable that indicates part-time employment in both the initial and terminal years 

(PTPT). Therefore, the omitted group will be comprised of those individuals who 

were employed full-time in both the initial and terminal years. The transition 

effect of the first employment status variable is expected to be positive since 

individuals making this transition should enjoy increased on-the-job human 

capital investment relative to when they were employed part-time and relative to 

the on-the-job investments of individuals in the omitted group. The transition 

effect of the second employment status variable is expected to be negative since 

individuals making this transition should have decreased investment relative to 

when they were employed full-time and relative to the investments of individuals 

in the omitted group. The expected effect of being in part-time employment in 

both years is negative since those in part-time employment invest less than those 

in full-time employment. 
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Note that the estimated coefficients of the two transition dummy variables 

PTFT and FTPT are actually independent time reallocation effects. Inclusion of 

these variables into the econometric model will separate these effects from the 

education obtainment effects. If the variables PTFT and FTPT were not included 

in the econometric model, then an argument could be made that the estimated 

education obtainment effects, particulariy the effect of degree receipt, may reflect 

the effects of time reallocations since individuals who receive a degree probably 

have higher post-degree-receipt paid employment participation. Inclusion of 

these variables avoids this problem and inclusion of this set of employment 

status transition dummy variables in total will allow comparisons of the effects of 

degree receipt with the effect of reallocating time from education participation to 

paid employment participation. 

The econometric model will include a variable that indicates transitioning 

from a non-managerial or a non-administrative primary work activity to a 

managerial or administrative primary work activity. It is not known whether these 

moves are inter-firm or intra-firm. However, the empirical literature on inter-firm 

mobility suggests that it contributes significantly to wage growth especially 

among young men (Bartel and Borjas, 1981; Mincer and Jovanovic, 1981; Topel 

and Ward, 1992). Regarding intra-firm mobility through promotions, McCue 

(1996) finds greater wage growth of those who were promoted than other 
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workers overall and within experience groups.̂ ^ These findings suggest that the 

sign expectation for the above transition would be positive if the omitted group is 

comprised of those who made no change in their primary work activity. This 

condition is necessary since McCue additionally finds that above average wage 

growth exists among those with low experience levels for moves within 

employers that may be considered lateral moves. This suggests an additional 

primary work activity transition variable that captures changes in primary work 

activities that may be considered lateral moves and not rank promotions needs to 

be included. Regarding the expected sign of this latter primary work activity 

transition effect, it is indeterminant since the sample under study spans a wide 

age range and this last finding is limited to those with generally low experience 

levels. To isolate the omitted group such that it comprises only those individual 

who did not move, a third primary work activity transition variable is necessary. 

This last variable detects those individuals who transitioned from either a 

managerial or administrative primary work activity to either a non-managerial or 

non-administrative primary work activity. Such transitions are expected to result 

in negative earned income growth and hence its expected effect is negative. 

Inclusion of this set of transition dummy variables will further help isolate 

education obtainment effects since inter-firm mobility and promotions may result 

most probably from degree receipt and perhaps from obtaining education to the 

extent of participating. 

^^Among men, McCue (1996) finds that wage growth attributable to 
promotions declines vwth experience. This latter finding however does not apply 
to women. 
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Dummy Variable Controls 

Since observations will be on individuals covering a broad age range, 

three dummy variables that indicate birth cohort membership will be used. These 

cohorts are those of ages 26 through 35, 36 through 45, and 46 through 59. The 

omitted birth cohort is comprised of those individuals whose ages are 21 through 

25. Since normalization is on the youngest birth cohort, the expected signs of 

the respective coefficients are expected to be negative. Note that the estimated 

effects of these dummy variables as well as the transition dummy variables will 

be on the growth rate. 

Estimators 

The econometric models will first be estimated using ordinary least 

squares. However, in a study (Stemple, 1997) similar to the study being 

undertaken, heteroscedasticity was found to be a problem. While the parameter 

estimates would be unbiased, they would be inefficient. The option Stemple 

(1997) followed was to assume a specific structure for the error variances. An 

error variance structure was suggested by a residual analysis that revealed 

group-wise heteroscedasticity by birth cohort. This finding was further supported 

by the results of a Bartlett test. In light of this finding, Stemple adopted the 

estimated generalized least squares (EGLS) two-stage Aitken estimator. With 

this estimator, intra-cohort error variances are assumed constant while the inter-

cohort error variances are allowed to differ. 

Weights are found in the first stage by regressing for each birth cohort 

measured earned income growth on the set of explanatory variables using OLS. 
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The weights are the error variances. Under appropriate conditions and with the 

additional assumption of normally distributed errors from each birth cohort 

regression, each error variance or weight is consistent as the size of the birth 

cohort approaches infinity. These weights are then used in the second stage to 

find the generalized least squares estimator. The two-stage Aitken estimator has 

the desirable property that it is asymptotically efficient as long as the weights 

found in the first stage are consistent (Judge, Griffiths, Hill, Lutkepohl, and Lee, 

1985). 

Two specific problems exist with this esfimator. First it requires assuming 

an error structure that may not hold. In other words, intra-cohort error variances 

may not be homoscedastic. Second, the two-stage Aitken estimator is only 

asymptotically efficient if the weights are consistent estimators of the intra-cohort 

error variances. This may be violated if the sub-sample sizes for each birth 

cohort are small. This last problem could be encountered especially with the 

female sample and the older birth cohorts in general. 

To avoid these problems, the use of White's (1980) correction for 

heteroscedasticity is proposed. This correction avoids the two above-mentioned 

problems by not forcing the possibly incorrect specification of a specific formal 

model for the heteroscedasticity and by producing a consistent estimator of the 

covariance matrix. With the exception of the covariance matrix, the models 

remaining parameter estimates utilize the OLS estimator. This has the 

advantage that proper inferences can be drawn on the OLS parameter esfimates 

from tests of linear hypotheses even when heteroscedasticity cannot be 

78 



completely eliminated (White, 1980). The test statistic is asymptotically 

distributed -^ with degrees of freedom equal to the number of linear restrictions. 

Accordingly, t tests of the null hypotheses that TI = 0 are replaced with chi-

squared tests using one degree of freedom. 

Models To Be Estimated 

Models will be estimated by gender in the following order. First, models 

will be estimated from samples that combine the different birth cohorts. This will 

allow the determination of whether statistically significant obtaining education 

effects exist. If significant obtaining education effects are found, the issues of 

whether these effects vary by age of obtainment and how they vary will be 

investigated. Such an investigation will be conducted by replacing the variable 

RCVDGR with an appropriate number of dummy variables that indicate 

concurrent degree receipt and age at the time of degree receipt. The number of 

these dummy variables to be included will depend upon the range of the age of 

degree receipt distribution. 

Note that estimating the models using the combined birth cohort samples 

implies that each estimated effect is the same across birth cohorts. To 

investigate whether the parameter estimates vary by birth cohort, models will be 

estimated by birth cohort and each model's set of parameter estimates will be 

compared with the others. An alternative to this procedure is to interact the 

explanatory variables in the first models to be estimated with the birth cohort 

dummies. This opfion will not be followed since the number of explanatory 
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variables in the combined birth cohort models is large and would require three 

times the number of interactions since three birth cohorts are to be represented. 

Tables 4.1, 4.2 and 4.3, respectively, list the variables that will be used in 

first determining whether concurrent education obtainment effects exist, the 

additional variables to be used in determining whether degree receipt effects vary 

by age at the time of degree receipt, and the variables to be used in determining 

whether the parameter estimates vary by age. The variables' definifions are also 

given. 

Simulations 

Given the models to be estimated and their parameterizations, earned 

income growth rates apart from earnings growth can be directly simulated under 

varying assumptions. Using the models estimated under the restriction that 

parameter estimates are constant across birth cohorts for each gender; growth 

rates by birth cohort can be calculated under different specific assumptions 

regarding education obtainment, labor force participation and work-related 

changes. Using the models estimated by gender and birth cohort that relax the 

above restriction, growth rates can be calculated by birth cohort while alternative 

assumptions regarding the same factors as above may be applied. 

Simulation Procedures 

Recall that earned income at time period T is assumed to be determined by 

YjT = KYjo exp(YjT + Sj) where Yjt is the ith individual's eamed income at time t and 
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Table 4.1: Variables to be used in Determining Whether Concurrent Education 
Obtainment Effects Exist 
Variable Definition 

YRSED 

ATTEND 

RCVDGR 

AGE 

AEXP 

(AEXP) 

XEXPQ 

WKSWRKI 

WKSWRKII 

PTFT 

FTPT 

PTPT 

TRTOMNG 

The number of years of college education as of 1982 

Concurrently participated in college education through attendance 

Concurrently received a degree in the 1981 to 1983 time interval 

Age as of 1982 

Additional number of years of professional work experience in the 

1982 to 1984 time interval 

Additional number of years of professional work experience in the 

1982 to 1984 time interval times the number of years of professional 

work experience as of 1982 

Number of weeks worked out of 52 in 1981 

Number of weeks worked out of 52 in 1983 

Transition from part to full-time employment 

Transition from full to part-time employment 

Remained in part-time employment between 1981 and 1983 

Transitioned to either a managerial or administrative position 

TROUTMNG Transitioned from either a managerial or administrative position to a 

non-managerial / non-administrative position. 

Transitioned from a non-managerial / non-administrative position to 

another 

Age equals 26 through 35 in 1982 

Age equals 36 through 45 in 1982 

Age equals 46 through 59 in 1982 

LATERAL 

BCTWO 

BCTHREE 

BCFOUR 
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Table 4.2: Additional Variables to be Used in Determining Whether Degree 
Receipt Effects Vary by Age at the Time of Degree Receipt 

Variable Definition 

DGONE Received a degree between the ages of 21 and 25 

DGTWO Received a degree between the ages of 26 and 35 

DGTHREE Received a degree between the ages of 36 and 45 

DGFOUR Received a degree between the ages of 46 and 59 
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Table 4.3: Variables to be Used in Determining Whether the Parameter 
Estimates Vary by Age 
Variable Definition 

YRSED 

ATTEND 

RCVDGR 

AGE 

AEXP 

The number of years of college education as of 1982 

Concurrently participated in college education through attendance 

Concurrentiy received a degree in the 1981 to 1983 time interval 

Age as of 1982 

Additional number of years of professional work experience in the 

1982 to 1984 time interval 

Additional number of years of professional work experience in the 

1982 to 1984 time interval times the number of years of professional 

work experience as of 1982 

Number of weeks worked out of 52 in 1981 

Number of weeks worked out of 52 in 1983 

Transition from part to full-time employment 

Transition from full to part-time employment 

Remained in part-time employment between 1981 and 1983 

Transitioned to either a managerial or administrative position 

TROUTMNG Transitioned from either a managerial or administrative position to a 

non-managerial / non-administrative position. 

LATERAL Transitioned from a non-managerial / non-administrative position to 

another 

(AEXP) 

xEXPo 

WKSWRKI 

WKSWRKII 

PTFT 

FTPT 

PTPT 

TRTOMNG 
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t G [0,T], K is a period effect parameter that is constant across individuals and 

time, and yi is the individual's earned income growth rate. For simplicity, assume 

Yi = Oo + aix + a2Z. Substituting for yi and taking the natural log of both sides 

yields 

InYrr-lnYjo =lnK + (aoT + aiTx+a2Tz)+(£i) 

which may be rewritten as 

InY^-lnYio =r|o+r|iX + r|2Z + Ei 

where rio = InK + agT, ri,. = a^T, and rig = a jT . The estimated equation is then 

In 
y = HQ + Ĥ x + H2Z. Note that the parameters K and cto are not separately 

identified while oto is a part of y. To simulate y, the parameter K is assumed to 

equal 1 in the estimated equation, then Ho = aoT and yT = Hg + H^x+H2Z. With 

this result, the period's earned income growth rate or y can be found by dividing 

both sides by T since Hj = ajT for j = 0, 1, 2. Therefore, earned income growth 

rates can be simulated using the parameter estimates from the econometric 

models proposed above and this last procedure. 

Identification of Earned Income Growth Behavior 

The starting point for the identification process is the age-graded 

behavioral norms economists expect when they characterize earned income 

growth rates according to individuals' ages. Such characterizations are generally 

relative to a particular age range, such as one of those used in this study, and 
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conform to earned income concavity. For instance, if comparison is relative to 

the youngest age group where earned income growth rates are expected to be 

the greatest, earned income growth rates experienced by members of older age 

ranges are expected to be lower and decreasing with age in accordance with the 

earned income concavity concept. This pattern will serve as the basis of 

comparison by which patterns of simulated growth rates that allow for obtaining 

education will be judged. 
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CHAPTER V 

EMPIRICAL FINDINGS AND 

SIMULATION EXERCISES 

Introduction 

This chapter is organized into three major sections. The first discusses 

the results relating to the investigations into the relationship between earned 

income growth and concurrent education obtainment, the relationship between 

earned income behavior as defined by earned income growth patterns and 

education obtainment, and how the relationship between earned income growth 

and age varies with education obtainment. The second major section discusses 

the estimated effects of concurrent education obtainment on earned income 

growth over broad and narrow age ranges and whether and how these effects 

vary by age of educafion obtainment. A discussion of how education obtainment 

effects vary by age concludes this section. The third major section discusses 

earned income behavior as suggested by simulated earned income growth rates 

under varying assumptions regarding education obtainment and employment 

status transitions. 
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The Relationship of Concurrent Education Obtainment 
with Earnings Growth, Earnings Growth Behavior. 

and How Behavior Varies with Age 

Eamed Income Growth and Concurrent Education Obtainment 

This sub-section explores the relationship between earned income growth 

from 1981 to 1983 as measured by mean log earnings growth and concurrent 

college education obtainment. The male and female samples are each split into 

three mutually exclusive groups that define the extents to which college 

education was obtained during the 1981 through 1983 period. Group 1 is 

comprised of those who did not obtain any college education on a concurrent 

basis. Group 2 is comprised of those who concurrently obtained education 

through attendance but did not receive a degree. Group 3 is comprised of those 

who did receive a degree during the 1981 through 1983 period. Note that in the 

cases of groups 2 and 3, education obtainment occurs over a span of time that is 

contained within the period in which earned income growth is observed. In other 

words, groups 2 and 3 members obtain college education to their respective 

extents concurrently with earned income growth. 

Referring to Table 5.1, mean log earnings growth is greatest for those who 

obtained a degree. The differences between the means of groups 1 and 2 

however are slight. Assuming independence between education obtainment 

groups 1 and 2 and a 95% confidence level, Z tests result in rejection of the null 

hypotheses of equality between the log eamings growth means for men. For 

women, the result is a failure to reject the null. Therefore, a concurrent education 

obtainment effect on 1981 to 83 log earned income growth may be present for 
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Table 5.1: 1981 - 1983 Log Earnings Growth Descripfive Stafistics by Sex and 
by Education Obtainment 

Group 

1 

2 

3 

Mean 

.1182 

.1372 

.3247 

Men 

ŝ  

.3929 

.3882 

.6492 

n 

20948 

3153 

763 

Mean 

.1541 

.1555 

.3878 

Women 

ŝ  

.5198 

.5689 

.7755 

n 

4072 

1224 

362 
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men who at least participated in college education during the same period among 

other possible effects present for group 2 members but not present for group 1 

members. No concurrent education obtainment effect is indicated for female 

group 2 members. 

Assuming independence between education obtainment groups 2 and 3 

and between groups 1 and 3, independent Z tests result in rejection of the null 

hypotheses of equality between the means with 95% confidence in all four cases. 

With the test results for the groups 2 and 3 comparisons, it can be concluded that 

participating in college education to the point of degree receipt may produce 

positive education obtainment effects on concurrent earned income growth over 

and above the effects that may be produced by just participating in college 

education to the extent of attending. With the test results for the groups 1 and 3 

comparisons, it can be concluded that concurrent receipt of a degree may 

produce education obtainment effects on earned income growth versus the case 

where individuals did not participate in any college education during the 1981 

through 1983 period. 

The primary reason for qualifying all of the above conclusions, besides the 

fact that obtaining education effects have not yet been measured and tested for 

statistical significance, is that these effects fundamentally depend upon 

remuneration from employment that in turn depends upon the degree of 

participation in paid employment and changes in degrees of paid employment 

participation among other factors. Labor force participation in terms of paid 

employment may increase upon completion of degrees or upon dropping out 
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from school without completing a degree thus resulting in increased earnings and 

earnings growth. Therefore, no definitive conclusions can be reached unfil the 

effects of changes in paid employment participation among a host of other 

possible effects have been separated from any potenfial concurrent education 

obtainment effect. 

Earned Income Behavior and Education Obtainment 

This sub-section explores the relationship between earned income 

behavior as suggested by temporal patterns of mean log earned income growth 

for the sub-periods 1981 to 1983 (period 1), 1983 to 1985 (period 2), and 1985 to 

1988 (period 3) and education obtainment to the extents indicated by 

membership in the three education obtainment groups defined in the previous 

section. The male and female samples are first divided into their educafion 

obtainment groups. Groups 2 and 3 are further divided for both sexes into sub

groups according to temporal education obtainment patterns of which there are 7 

possible patterns for each obtainment group. For example, an individual 

belonging to group 2 may have participated in education during periods 1 and 3 

but not to the extent of obtaining a degree in either period. Note that education 

obtainment in this example is concurrent to earned income growth in both period 

1 and period 3. Further note that since eamed income growth is measured over 

two periods subsequent to the first period in which education is obtained, the 

possibility of ex post education obtainment effects in periods 2 and 3 as a result 

of education obtainment occurring in period 1 exists. Mean log earned income 
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growth behavior of groups 2 and 3 is compared to the mean log earned income 

growth behavior of the group that did not obtain any college education in either 

period, that is, group 1. By examining average earned income growth behavior 

over relatively brief life cycle segments and how education obtainment may affect 

this behavior, some insight into how education obtainment may affect segments 

of individual life cycle earned income profiles may be gained. 

Note that a preliminary examination of the computed log earned income 

growth means by sex, education obtainment group, temporal obtainment pattern, 

and period reveals that the period 2 means are lower than the period 1 means for 

all but two cases. Additionally, the computed means for period 3 are 

substantially higher than the period 2 means in all but one case.^ This behavior 

generally indicates some systematic variation in the 1985 total professional 

income data, variation that is exaggerated by using the natural log function, 

variation that results in depression of period 2 mean log earned income growth, 

and variation that results in inflated period 3 mean log earned income growth. 

Regarding the present investigation, proceeding as outlined in chapter 4 

will not provide a basis for reliable earned income behavior comparisons 

between groups 1 and 2 and between groups 1 and 3 by temporal education 

obtainment pattern given the distorted periods' 2 and 3 log earned income growth 

means. However, a solution does exist whereby the effects of the systematic 

variation in the 1985 data can be reduced and at the same time allow less biased 

^ These means by the education obtainment groups are contained in 
Tables A.I and A.2 for men and women, respectively. 
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earned income behavioral comparisons. The solution is to difference the means 

of group 1 members from the means of the group 2 and group 3 members period 

by period for each temporal obtainment pattern. Two-tailed Z tests can test the 

null hypotheses of equality between the means across the group pairs period by 

period. Statistically significant differences period by period indicated by Z* 

greater than 1.96 (or less than -1.96) assuming a 95% confidence level will thus 

indicate significant differences in earned income behavior experienced by the 

group 2 and 3 members relative to the earned income behavior experienced by 

the group 1 members. 

Table 5.2 contains the log eamed income growth means experienced by 

the male group 1 members. Table 5.3 contains only the differences between the 

male means of Table 5.2 (group 1) and the means contained in Table A.I 

(groups 2 and 3) of those who obtained education in either period 1, 2, or 3 with 

the results of their associated Z tests. For the sake of parsimony, only the 

results associated with this limited number of temporal education obtainment 

patterns are presented. 

The information provided in Table 5.2 indicates that for male group 2 

period 2 education obtainers, education obtainment effects are present among 

other possible effects present for group 2 members but not present for group 1 

members. In this case, concurrent education obtainment lowers same-period 

earned income growth. Furthermore, an ex post education obtainment effect that 
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Table 5.2: Mean Log Earnings Growth by Sub-period of Those Who Did Not 
Obtain Education During the Entire 1981 to 1988 Period, Men 

Period Mean s. e. n 

1 1285 .3721 12468 

2 -.0362 .6928 

3 .3366 .6938 

Table 5.3: Differences in Log Earnings Growth Means of Education Obtainment 
Group 1 Members from Education Obtainment Groups 2 and 3 Members by 
Temporal Obtainment Pattern and Sub-period, Men 

Period Education 
Obtained 

1 2 

X 

X 

X 

X 

X 

X 

3 

X 

X 

X 

Period 

1 

2 

3 

1 

2 

3 

1 

2 

3 

Group 2 

Difference 

0.0203 

-0.0609 

0.0256 

-0.019 

-0.2195 

0.0996 

0.0313 

-0.0597 

-0.0595 

Z*' 

1.34 

0.48 

1.06 

-1.56 

-3.30 

1.97 

1.53 

0.37 

-1.68 

Group 

Difference 

0.1493 

-0.0009 

0.1117 

0.0400 

0.0887 

-0.0376 

0.0339 

-0.0682 

0.0507 

3 

Z*' 

7.03 

2.33 

3.74 

1.70 

4.16 

-0.93 

1.22 

0.07 

0.95 

^Z* is the computed value for Z to test the null hypotheses that the pth period 
means between groups 1 and 2 and between groups 1 and 3 by temporal 
education obtainment pattern are equal. 
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increases third period earned income growth is also indicated.^ In terms of life 

cycle earned income behavior experienced by these individuals over this short 

time span, this earned income growth behavior suggests on the average that 

between periods 2 and 3 these life cycle profile segments contain local 

convexities. These local convexities arise, first, from concurrent education 

obtainment effects that work to lower same period eamed income growth and, 

second, third period ex post education obtainment effects that work to increase 

third period earned income growth among other effects present for group 2 

members but not present for group 1 members in both periods 2 and 3. 

For male group 3 members, first and second period education obtainers 

may have experienced education obtainment effects while third period education 

obtainers did not. For first period education obtainers, concurrent education 

obtainment effects among other possible effects served to increase earned 

income growth in the same period while ex post education obtainment effects 

among other possible effects have increased earned income growth in periods 2 

and 3 above the earned income growth experienced by group 1 members. In 

this case the behavior of these segments of the earned income profiles 

experienced by these group 3 members on average cannot be reliably 

^ One such effect that would reduce earned income growth in period 2 is 
the effect of time substitutions from paid employment participation to education 
participation. Such an effect would especially apply if work were performed for 
an houriy wage and hours were reduced. The effect of time substitutions in the 
opposite direction may explain period three's higher earned income growth 
relative to the earned income growth experienced by group one's members in the 
same period. 
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determined. It can only be said that the differences in mean log earned income 

growth decrease between periods 1 and 2 and increase between periods 2 and 3 

while earned income growth remains positive over the entire 1981 through 1988 

period for group 3 period 1 education obtainers. 

For male group 3 second period education obtainers. Table 5.2's 

information indicates a concurrent education obtainment effect to be present in 

period 2 among other possible effects while no potential ex post education 

obtainment effect is indicated in period 3. Such earned income growth behavior 

over this short life cycle profile segment is indicative of local concavity in the 

earned income profiles experienced by these individuals on average. ^'* 

Table 5.4 contains the log earned income growth means experienced by 

the female group 1 members. Table 5.5 contains only the differences between 

the female means of Table 5.2 (group 1) and the means contained in Table A.2 

(groups 2 and 3) of those who obtained education in either period 1, 2, or 3 with 

the results of their associated Z tests. Again for the sake of parsimony, only the 

results associated with this limited number of temporal education obtainment 

patterns are presented. 

Female group 2 first period education obtainers do not experience earned 

income growth significantly different from that experienced by female group 1 

^'' One question to be addressed is whether education obtainment effects 
are age neutral or age dependent. If age neutral, then it becomes possible to 
envision life cycle earnings profiles that exhibit something other than concavity. 
Another question is that if education obtainment effects are age dependent, how 
are they dependent. In other words, do they decline monotonically or perhaps 
reach a peak, two additional plausible questions. 
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Table 5.4: Mean Log Earnings Growth by Sub-period of Those Who Did Not 
Obtain Education During the Entire 1981 to 1988 Period, Women 

Period Mean s. e. n 

1 

2 

3 

.1577 

-.0465 

.3920 

.4452 

.8745 

.7879 

1977 

Table 5.5: Differences in Log Earnings Growth Means of Education Obtainment 
Group 1 Members from Education Obtainment Groups 2 and 3 Members by 
Temporal Obtainment Pattern and Sub-period, Women 

Period Education Group 2 Group 3 
Obtained 

1 2 3 Period Difference Z*̂  Difference Z rr 

0.0143 0.42 0.1783 3.66 

-0.0378 0.99 -0.0207 1.20 

X 

X 

X 

X 

X 

X 

X 

3 

1 

2 

3 

1 

2 

3 

-0.0161 

0.0175 

-0.3332 

0.2123 

0.0008 

0.0593 

-0.1825 

-0.29 

0.68 

-2.34 

2.03 

0.02 

3.41 

-3.30 

0.1377 

0.0187 

0.064 

0.0562 

-0.0076 

-0.0826 

0.0638 

2.39 

0.34 

2.23 

0.72 

-0.14 

0.11 

0.66 

^Z* is the computed value for Z to test the null hypotheses that the pth period 
means between groups 1 and 2 and between groups 1 and 3 by temporal 
education obtainment pattern are equal. 
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members over the 1981 through 1988 period. The same can be said for group 3 

period 3 education obtainers. Group 2 period 2 and period 3 education obtainers 

do experience significantly different log earned income growth from the log 

earned income growth experienced by group 1 members during periods 2 and 3. 

Group 2 period 2 education obtainers experience a concurrent education 

obtainment effect among other possible effects in period 2 that works towards 

decreasing earned income growth while an ex post positive education 

obtainment effect among other possible effects is experienced during period 3. 

Since the pattern experienced by these individuals shares similarities with the 

pattern experienced by male group 2 period 2 education obtainers, local 

convexity is indicated on the average in these women's earned income profiles 

during the 1981 through 1988 period. Female group 2 period 3 educafion 

obtainers experience log earnings growth significantly different in periods 2 and 3 

from the log earnings growth experienced by group 1 members. During period 2, 

the effect is unidentifiable since education was not obtained in period 2. Some 

other effect or effects present for these group 2 members may be present that is 

not present for group 1 members. During period 3, a negative concurrent 

education obtainment effect is indicated. In the case of these individuals, locally 

concave earned income profiles are indicated on the average during the 1981 

through 1988 period. 

Significant log earned income growth differences are indicated in periods 

1 and 3 for female group 3 period 1 education obtainers. Therefore, a concurrent 

positive education obtainment effect is indicated in period 1 and a positive ex 
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post education obtainment effect is indicated in period 3 that has a lag of two 

periods. In terms of earned income behavior experienced by these female group 

3 period 1 educafion obtainers, their profiles are locally convex during the 1981 

through 1988 period as a result of both potential concurrent and ex post 

education obtainment effects. 

A significant log earned income growth difference in period 2 is indicated 

for female group 3 period 2 education obtainers. In this case, the potential 

concurrent education obtainment effect is positive unlike the situation for group 2 

periods 2 and 3 education obtainers. If degree receipt tends to occur relatively 

early among these group 3 members and these members tended to reallocate 

time from education participation to paid employment participation, then 

individuals in this case may have had adequate time for their earned incomes to 

recover and positive growth to take place over period 2. However, no potential 

ex post education obtainment effect is indicated in period 3. In terms of earned 

income behavior experienced by these individuals during the 1981 through 1988 

period, local convexity is indicated by the differences in log earned income 

growth between periods 1 and 2 but local concavity is indicated between periods 

2 and 3. In each period, earned income growth is positive but the differences 

from the group 1 means increase from the first to the second period then 

decrease from the second to the third period. However, the third period positive 

difference in the means cannot be attributed to a potential ex post education 

obtainment effect. 
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Earned Income Behavior, Age, 
and Education Obtainment 

This sub-section explores whether the negative relationship between male 

earned income growth and age as predicted by the human capital theory of male 

earned income behavior determination may be altered by education obtainment. 

For women, the relationship's general nature is unknown since with women's 

earned income behavior, some behavior other than concavity is expected. 

Therefore for the women, only tests for the presence of education obtainment 

effects will be conducted in this section 

To test for potential education obtainment effects, the male and female 

samples are each divided into four age classes defined as follows. Class 1 is 

comprised of those individuals aged 21 through 31, class 2 is comprised of those 

aged 32 through 41, class 3 is comprised of those aged 42 through 51, and class 

4 is comprised of those aged 52 to 61. Mean log earned income growth is 

measured over the 1981 through 1988 period by age class and by education 

obtainment group. The male sample's means are presented in Table 5.6. 

For the male sample, the group 2 means are only marginally different from 

the group 1 means by age class. Tests of the null hypotheses that the 

differences between the means of groups 1 and 2 by age class equal zero 

cannot be rejected with 95% confidence.^ Therefore, no education obtainment 

effects or any other effects distinct from the effects present for group 1 are 

^ The sample standard errors and sample sizes used to conduct these 
tests are presented in Table A.3. 
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Table 5.6: 1981-88 Mean Log Earnings Growth by Age Class and Education 
Obtainment Group: Men 

Age Class 

Group 

1 

2 

3 

1 

.6209 

.5980 

.8735 

2 

.4786 

.4735 

.5745 

3 

.3631 

.3441 

4238 

4 

.1991 

.1671 

.0988̂  

^The null hypothesis that the computed mean equals zero is not rejected with 
95% confidence. 
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discemable for the members of group 2. However, the margins between the 

group 1 and group 3 means are greater by age class. Test results indicate the 

null hypotheses of equality between the group 1 and group 3 means should be 

rejected with 95% confidence except for the fourth age class. The margins 

between the group 2 and group 3 means decrease by age class. Tests of the 

null hypotheses that the means between these groups by age class are equal are 

rejected with 95% confidence for all but the oldest age class. Therefore, in the 

cases of age classes 1, 2, and 3, education obtainment effects associated with 

degree receipt are indicated for group three's members among other effects not 

present for groups 1 and 2. 

A quick examination of the male group 3 means reveals that they do 

indeed decrease as theory predicts. This is further supported by a series of one-

tailed Z tests testing the null hypotheses that the class j mean is less than the 

class k mean where j = 2, 3, 4 and k = 1, 2, 3 successively within education 

obtainment group 3. Each test result indicates the null hypothesis should be 

rejected with 95% confidence. Therefore, it can be concluded that the group 3 

log earned income growth means decrease from the youngest to the oldest age 

class. In other words, education obtainment to the extent of degree receipt does 

not seem to alter the negative relationship between male earned income growth 

and age. Given this evidence, it may be hypothesized that education obtainment 

effects attributable to degree receipt may be considered age dependent in that 

they decrease with age at the time of education obtainment. 
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The 1981 through 1988 log eamed income growth means for women are 

presented in Table 5.7. For women, the group 2 means differ from the group 1 

means by a range from .01 to .065 by age class. Except for the case of the 

second age class, tests of the null hypotheses that the differences between the 

means of groups 1 and 2 by age class equal zero cannot be rejected with 95% 

confidence.^^ Therefore, an education obtainment effect among other possible 

effects present for the group 2 members but not present for group 1 members is 

indicated only for the members of group two's second age class. 

The margins between the group 1 and group 3 means are greater than 

those between the groups 1 and 2 means by age class. Two-tailed test results 

indicate the null hypotheses that the differences between the groups 1 and 3 

means equal zero should be rejected with 95% confidence for all of the four age 

classes. The differences between the means of groups 2 and 3 by age class are 

highest for the youngest and oldest age classes. Tests of the null hypotheses of 

equality by age class between the female groups 2 and 3 means indicate 

significant differences for only the three youngest cohorts. Given the sum of this 

evidence, it can be concluded that only the members of group two's second age 

class may experience an education obtainment effect distinct from other effects 

present for group 1 members of the same age class. Group three's members in 

general may experience an education obtainment effect arising from degree 

receipt distinct from the effects present with groups 1 and 2. However, only the 

^^ The sample standard errors and sample sizes used to conduct these 
tests are presented in Table A.4. 
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Table 5.7 1981-88 Mean Log Earnings Growth by Age Class and Educafion 
Obtainment Group: Women^ 

Age Class 

Group 

1 

2 

3 

1 

.5251 

.5902 

.8830 

2 

.5359 

.6000 

.7598 

3 

.4658 

.4557 

.6394 

4 

.3031 

.2575 

.5187 

^Tests of the null hypothesis that the computed means equal zero result in 
rejection of the null with 95% confidence in each case. 
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three youngest cohorts may experience a receipt of degree effect distinct from 

the effects present with the group 2 members. 

In general, the female means decrease from the youngest to the oldest 

age class with two exceptions. Education obtainment group one and two's age 

class 2 members experience marginally higher average log earned income 

growth than that growth experienced by group one and two's youngest age 

classes. For education obtainment groups 1 and 2, testing the null hypotheses 

that the age class 1 and 2 means are equal results in failure to reject the null 

hypothesis in each ĉ ase. Performing the same test between group three's age 

class 1 and 2 means and class 2 and 3 means also results in failure to reject the 

null of equality between the means. Among the group 3 members, the null is 

only rejected with the test of the group 3 class 3 and 4 means. Therefore, it can 

be concluded that the means of group three's third and fourth age class are 

statistically unequal. Note that with these pair-wise tests, nothing can be inferred 

about the means across the four age classes. To remedy this, an F test of the 

joint null hypothesis that the group 3 means are equal across the four age 

classes results in failure to reject the null with 95% confidence. With this last 

result, it may be concluded that the education obtainment effects that may be 

experienced by these group 3 members are age neutral. In other words, they do 

not vary systematically as do the education obtainment effects of the male group 

3 members. 
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Section Summary 

The investigation into the relationship between log earned income growth 

and concurrent education obtainment reveals that receipt of a degree may 

increase log earned income growth in the same period in which the degree was 

received over and above other effects experienced by those who did not obtain 

any education and by those who attended without receiving a degree. For those 

who attended without receiving a degree, men experienced an education 

obtainment effect among other effects experienced by those who did not obtain 

education. However, this effect is marginal at best. For women, no significant 

effect present for group 2 members is found to exist over the effects present for 

group 1. 

The investigation into the relationship between earned income behavior 

and educafion obtainment reveals that education obtainment may produce 

effects on both a concurrent basis as well as on an ex post basis. Concurrent 

effects may be positive or negative with the sign perhaps depending on the 

remaining length of time between the points in time when education obtainment 

ceased and the end of the period in which earned income growth is measured. 

Ex post education obtainment effects are generally positive. Both effects may 

produce local concavities or local convexities during short earned income profile 

segments. In general, education obtainment, the temporal patterns in which it 

occurs, and the extent to which it occurs may affect earned income profile 

behavior over fime but not in a uniform manner. 
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The investigation into whether the relationship between earned income 

behavior and education obtainment varies by age reveals the following. For 

men, earnings growth generally decreases with age within education obtainment 

groups. Furthermore, education obtainment effects are found to be age 

dependent with the effects declining with age. For women, earnings growth 

generally decreases but not until after age 41 and more gradually relative to the 

men. Furthermore, education obtainment effects attributable to degree receipt 

are found to be age neutral for women. 

Concurrent Education Obtainment 
Effect Estimates 

Effects Estimated Over Broad Age Ranges 

Sample Means 

Table 5.8 contains the variables' means by gender. Note from this point 

forward that only data covering the 1981 through 1983 period w\\\ be covered. In 

general, it shows that the male sample is older on average by approximately 5 

years resulting from the two oldest cohorts having higher representation as a 

percentage of the male sample. The majority of the women in the female sample 

(43%) on the other hand are members of the youngest birth cohort. In terms of 

education, the average numbers of years of college education are approximately 

equal at 5.5 years. A higher percentage of the female sample, 30 percent of the 

women versus 17 percent of the men, participated in college education through 

concurrent attendance at some point during the 1981 through 1983 time period. 
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Jab le 5.8: Sample Means from Combined Birth Cohort Data 
Variable Men Women 

DINCOME 

YRSED 

ATTEND 

139 178 

5.50 5.60 

.17 .30 

RCVDGR 03 .06 

AGE 397 347 

AEXP 2.10 2.04 

(AEXP)xEXPo 24.6 15.1 

WKSWRKI 51 4 49 9 

WKSWRKII 5 1 3 50.0 

PTFT .007 .03 

FTPT .005 .03 

PTPT .003 .05 

TRTOMNG .11 10 

TROUTMNG .09 .07 

LATERAL .24 .29 

BCTWO .39 .38 

BCTHREE .25 .13 

BCFOUR .14 .06 
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Furthermore, 6% of the women concurrently obtained a degree versus 3% of the 

men. In terms of employment, 6 percent of the female sample experienced an 

employment status transition versus 1.2 percent of the male sample. A slightly 

lower percentage of men experienced a transition in their primary work activities 

with the greatest difference between men and women being in terms of lateral 

job changes. That is, changes from either a non-managerial or non-

administrative position to another non-managerial or non-administrative position. 

The average numbers of weeks worked are marginally higher for men but, within 

the male and female samples and across the survey years, they are 

approximately equal. 

Estimated Effects 

White tests on both the male and female models estimated with ordinary 

least squares indicate the presence of heteroscedastic errors. Thus, standard 

errors are inconsistent and inferences based on them v^ll yield faulty results. As 

a solution, consistent standard errors are obtained using White's (1980) 

heteroscedasticity-consistent covariance matrix estimator. Inferences are made 

based on this standard error estimator in all cases where heteroscedasticity is 

present, t tests on the parameter estimates are replaced with single degree of 

freedom chi-squared tests and F tests of joint null hypothesis are replaced with 

chi-squared tests in the presence of heteroscedastic errors according to White 

(1980). 
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Separate sets of model parameter estimates for men and women are 

presented in Table 5.9 along with results of the hypothesis tests. These 

estimates possess their expected signs where they are statistically significant at 

convenfional levels, that is, alpha less than or equal to 5%. The effects of 

obtaining college education through attendance at some point during the 1981-83 

time interval are not statistically significantly different from zero while the effects 

of obtaining a college degree are significant and positive.̂ ^ In other words, 

returns on concurrent college-level schooling investments are perhaps not 

realized unless college educafion has reached some stage of completion as 

marked by receipt of a degree. Apparently, individuals who have attended during 

the period without receiving a degree do not earn a return on their concurrent 

college schooling investments, a result that is at odds with the human capital 

theory of eamed income determination over time. 

Note the effects of completing a degree are positive while the effects of 

changes in employment status, which are also statistically significant, have been 

taken into account.^ Since these latter effects have been partialled out from the 

effects of the other variables' effects included in the models, one cannot attribute 

"" Recall that the variable RCVDGR designates a subset of those who 
attended, that is, those who have ATTEND set equal to 1. Therefore, the effect 
of receiving a degree in 1981-83 time interval for men is to increase log earnings 
growth by .050. For women, the effect of receiving a degree is to increase log 
earnings growth by . 132. 

®̂ Tests of the joint null hypotheses that the employment status transition 
effects equal zero are rejected with 99% confidence. These tests were 
performed in accordance with White (1980). 
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Table 5.9: Estimated Effects of Obtaining College Education from Combined 
Birth Cohort Data by Sex 

Variable 

Intercept 

YRSED 

ATTEND 

RCVDGR 

AGE 

AEXP 

(AEXP) x EXPo 

WKSWRKI 

WKSWRKII 

PTFT 

FTPT 

PTPT 

TRTOMNG 

TROUTMNG 

LATERAL 

BCTWO 

BCTHREE 

BCFOUR 

Sample Size 

Adj. R̂  

Estimate 

.286 

.006 

-7x10-* 

.051 

-.004 

5x10^ ' 

2x10"^ 

-.021 

.021 

.232 

-.290 

-.228 

.014 

.018 

.001 

-.041 

-.059 

-.044 

21502 

.0948 

Men 

Conf. Leve l " 
*itit 

*** 

*** 

*** 

*** 

*** 
*** 

*** 

*** 

* 

* 

** 

*** 

* 

Estimate 

.180 

.002 

-.014 

.146 

-.003 

.006 

- 4 x 1 0 " 

-.025 

.028 

.371 

-.315 

.154 

-.009 

.042 

-.027 

.103 

.004 

.009 

4776 

.2244 

Women 

Conf. Level' ' 

^ 

* 

** 

iHt* 

**. 

*** 

*** 

*** 

*** 

* 

^Three asterisks denotes that the null hypothesis the individual parameter 
estimate equals zero can be rejected with 99% confidence, two asterisks 
represents 95% confidence, and one asterisk represents 90% confidence. 

^These results are based upon single degree of freedom chi-squared tests 
using White's (1980) heteroscedastic-consistent covariance matrix instead of 
the standard t test. 
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the positive and significant receiving degree effects to changes in employment 

status, particulariy the transifion from part to full-time employment, that might 

occur more predominantly upon degree completion and that could be correlated 

with receipt of a degree. This means that the receiving degree effects cannot be 

attributed to use-of-time reallocations from college participation to paid 

employment participation though they may be attributable to change in some 

other factor that is correlated with degree receipt but not included in the model. 

Receipt of a degree provides its own inherent positive rewards at least in terms 

of concurrent earned income growth, ceteris paribus. 

Estimated Effect Variation with Age of Obtainment 

The men and women's cumulative percentage disti'ibutions of ages at 

which degrees were obtained between 1981 and 1983 are presented in Tables 

5.10 and 5.11. With these cumulative percentage distributions, one can get a 

sense of how age at the time of degree receipt varies. The average ages of 

degree receipt for men and women are 33.3 and 32 years respectively. For men, 

approximately one half of those who received a degree in the 1981-83 period 

were 32 and younger, approximately 75% were 36 and younger, and 

approximately 90% were 43 and younger. For women, approximately one half of 

those who received a degree in the 1981-83 period were 30 and younger, 

approximately 75% were 35 and younger, and approximately 90% were 41 and 

younger. Based on this evidence, the cumulative percentage distributions of age 

at the time of degree receipt are approximately the same even though the female 
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Table 5.10: Cumulative Percentage Distribution of Age at Time of Degree 
Receipt; Men 

Age at Time of Degree Receipt 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

Cumulative Percentage 
(%) 

0.57 
1.57 
3.71 
7.7 

13.27 
19.83 
27.67 
34.66 
40.51 
45.22 
52.07 
58.2 

65.62 
71.9 
76.18 
79.17 
82.88 
84.88 
87.3 

88.16 
89.16 
90.16 
91.01 
92.44 
93.3 
94.72 
95.15 
96.01 
96.58 

97 
97.43 
97.86 
98.15 
98.72 
98.86 
99.29 
99.71 
99.86 
100 
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Table 5.11: Cumulative Percentage Distribution of Age at Time of Degree 
Receipt; Women 

Age at Time of Degree Receipt 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
58 
59 

Cumulative Percentage 
(%) 

.32 

.97 
1.94 
3.24 
12.62 
22.98 
31.07 
38.51 
46.93 
53.07 
56.96 
61.17 
68.93 
72.49 
75.08 
77.02 
80.58 
82.85 
86.08 
88.67 
90.94 
92.23 
92.56 
93.53 
95.15 
95.47 
96.76 
97.09 
97.73 
98.06 
98.38 
98.71 
99.03 
99.35 
99.68 
100 
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sample is younger on average. The fact that these distributions are 

approximately equal combined with the fact that the women are five years 

younger on average implies that the age at which all women complete their 

degrees is probably later than the age at which men complete their degrees. 

Furthermore these distributions both inaease at a fairiy high rate up to about age 

37, the age at which degree receipt took place for approximately 80 percent of 

the individuals who concurrentiy received a degree. 

The investigafion into how obtaining education effects vary with age of 

education obtainment is facilitated by replacing the dummy variable RCVDGR 

with four dummy variables that indicate not only receipt of a degree but also the 

age group to which the individual belonged to at the time of degree receipt 

These variables are DGONE, DGTWO, DGTHREE, and DGFOUR. They are 

respectively set equal to one if an individual received a degree at an age of 21 

through 25, 26 through 35, 36 through 45, and 46 through 59. The omitted 

individuals are those who did not receive a degree in the 1981 through 1983 time 

interval though they may have attended. Note that it is possible that individuals 

may have received a degree in the time period under study but did not attend. 

This situation exists for .57 and 1.01 percent of the respective male and female 

samples. 

Parameter estimates for this second set of models are presented in Table 

5.12. The signs of the estimated model parameters are as expected where the 

estimates achieve statistical significance at conventional levels. For both men 

and women, concurrent education obtainment to the extent of just participating 
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Table 5.12: Esfimated Effects of Obtaining College Educafion by Sex; Variafion 
with Age of Obtainment 

Men Women 

Variable Estimate Conf. Level'•' Estimate Conf. Level' ' 

Intercept 

YRSED 

ATTEND 

DGONE 

DGTWO 

DGTHREE 

DGFOUR 

AGE 

AEXP 

(AEXP) x EXPo 

WKSWRKI 

WKSWRKII 

PTFT 

FTPT 

PTPT 

TRTOMNG 

TROUTMNG 

LATERAL 

BCTWO 

BCTHREE 

BCFOUR 

Sample Size 

Adj. R̂  

.276 

.005 

1 x l O " 

.104 

.065 

.011 

-.007 

-.004 

5x10"* 

2 x 10"̂  

-.021 

.021 

.226 

-.291 

-.230 

.014 

-.018 

.001 

-.037 

-.054 

-.039 

21502 

.0949 

.171 

.003 

-.014 

.314 

.093 

.230 

.061 

-.004 

.006 

- 4 x 1 0 " 

-.025 

.027 

.363 

-.314 

-.155 

-.011 

.039 

-.028 

-.003 

.015 

.027 

4776 

.2258 

^Three asterisks denotes that the null hypothesis the individual parameter 
estimate equals zero can be rejected with 99% confidence, two asterisks 
represents 95% confidence, and one asterisk represents 90% confidence. 

^These results are based upon single degree of freedom chi-squared tests 
using White's (1980) heteroscedastic-consistent covariance matrix instead of 
the standard t test. 
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does not result in a statistically significant effect on log earnings growth. For 

men, obtaining educafion to the extent of receiving a degree has a significant 

effect only for those who received a degree between the ages of 26 through 35 

resuifing in a 6.5% increase in log earnings growth holding constant employment 

status changes and the remaining variables. For those men who receive 

degrees in the remaining receiving degree age classes, degree receipt in and of 

it self is not statistically significant in the respective log eamed income growth 

equations. What this evidence indicates is that effects of degree receipt are 

dependent upon the ages at which the individuals receive their degrees with the 

effects declining from .104 for individuals who obtained degrees between the 

ages of 21 through 26 to -.007 for those men who obtained a degree between the 

ages of 46 through 59. 

For women, the story is different. Women who receive a degree between 

the ages of 21 through 45 experience significant receiving degree effects that 

range in magnitude from 9.3% to 31.4% holding constant the employment status 

changes and the remaining variables included in the model.^ Furthermore, 

these effects do not monotonically decrease by age class. They decrease 

initially from 31.4% to 9.3% then increase to 23%. What this evidence indicates 

is that concurrent degree receipt effects are independent of women's ages at the 

^ A test of the joint null hypothesis that the DGONE, DGTWO, 
DGTHREE, and DGFOUR coefficients of the women's model equal zero is 
rejected with 99% confidence. For the men's model, the null is rejected with 95% 
confidence. 
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time of degree receipt at least for the three youngest female receiving degree 

age classes. 

Note that positive degree receipt effects may arise because concurrent 

receipt of a degree may be correlated vAlh previous education accomplishments 

especially in cases where concurrent degree receipt is of a graduate-level 

credential.^ If the degrees completed in the 1981-83 time-inten/al represent 

continuation of prior educational accomplishments, then the concurrent degree 

receipt effects found in the 1981-83 period may arise because concurrent receipt 

of a degree may be positively correlated with receipt of a degree in a prior period 

thus resulting in biased concurrent degree receipt parameter estimates. The 

next section addresses this issue. 

Estimated Education Obtainment Effects Corrected for 
Prior Degree Obtainment 

Among the effects that have been taken into account up to this point is the 

effect of the numbers of years of college education as of 1982 as measured by 

the variable YRSED. The problem witii using this variable as solely representing 

the sum of all previous college education experiences is that it does not take into 

account the potential diversity of an individual's prior college education 

experience nor the diversity of prior college-going experiences represented by 

the individuals in the samples. As discussed above, failure to take these effects 

^ The receiving degree effects may also be positive because the area of 
specialization in which the degree was concurrently received may be of a 
complementary nature with prior education and prior work experience. 

117 



into account may result in biased education obtainment effect estimates. Less 

importantly, it would also bias the effects attributed to the numbers of years of 

college education as of 1982. To control for this omitted variable bias, the 

dummy variable PRIORDG is included with the econometric model's other 

variables presented up to this point. This dummy variable equals one if the 

individual entered the 1981-83 period with a college degree. Parameter 

estimates are presented in Table 5.13. 

For men, possession of a degree prior to the 1981-83 period does not 

significantly affect 1981-83 log earned income growth. However, introduction of 

the PRIORDG variable does bring some changes to the other parameter 

estimates. The intercept and the effect of receiving a degree between the ages 

of 26 and 35 are both significant and are respectively higher by margins of .021 

and .020 while the effect of remaining in part-fime employment is lower by .017. 

In this case, failure to further delineate prior educational experiences negatively 

biases the degree receipt effects. 

For women, the story is again different. Degree possession prior to the 

1981-83 period results in deaeased log earnings growth by .054. The effect of 

degree obtainment for 21-through 25-year-old women decreases by .034 and the 

effects of concunrent degree obtainment for 26-through 35 and 36-through 45-

year-old women are no longer significant at convenfional levels. In this case 

positive omitted-variable bias is indicated. The significant effect of the variable 

PTFT is lower by .008. The effects of the variables FTPT and PTPT remain 
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Table 5.13: Estimated Effects of Obtaining College Educafion by Sex; Variafion 

Variable 

intercept 

YRSED 

ATTEND 

DGONE 

DGTWO 

DGTHREE 

DGFOUR 

PRIORDG 

AGE 

AEXP 

(AEXP) x EXPo 

WKSWRKI 

WKSWRKII 

PTFT 

FTPT 

PTPT 

TRTOMNG 

TROUTMNG 

LATERAL 

BCTWO 

BCTHREE 

BCFOUR 

Sample Size 

Adj. R̂  

Estimate 

.297 

.006 

.002 

.112 

.085 

.010 

.008 

6X10"'' 

-.004 

4x10"^ 

3x10"^ 

-.021 

.021 

.222 

-.290 

-.247 

.009 

-.022 

-.001 

-.033 

-.052 

-.036 

20212 

.1026 

Men 

Conf. Level''' 

*** 

^ 

* " 

«* 

*** 
*** 

*** 

*** 

*** 

** 

* 

•kit 

Estimate 

.222 

.004 

-.013 

.280 

.073 

.192 

.042 

-.054 

-.004 

.006 

-5x10"* 

-.025 

.028 

.371 

-.299 

-.138 

-.007 

.048 

-.030 

.005 

.011 

.028 

4776 

.2236 

Women 

Conf. Leve l ' ' 

** 

* 

•k* 

* 

** 

*** 

**. 

*** 

*** 

*** 
*** 

* 

^Three asterisks denotes that the null hypothesis the individual parameter 
estimate equals zero can be rejected with 99% confidence, two asterisks 
represents 95% confidence, and one asterisk represents 90% confidence. 

^These results are based upon single degree of freedom chi-squared tests 
using White's (1980) heteroscedastic-consistent covariance matrix instead of 
the standard t test. 
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significant and are higher by .015 and .017, respectively. Given this evidence, 

the remaining models to be estimated will include the variable PRIORDG. 

Effects Estimated Over Narrow Age Ranges 

Note that the male and female models estimated on the combined birth 

cohort data impose a restriction on the parameter estimates, that they are 

constant across the birth cohorts. Estimating the econometric model for the 

separate male and female birth cohorts removes this restriction.̂ ^ Estimation by 

birth cohort, and by gender is desirable since the null hypotheses that the 

parameter estimates are equal across the birth cohorts by gender are rejected 

with 99% confidence via F tests. 

Sample Means 

Sample means by the four male birth cohorts are presented in Table 5.14. 

Mean log earned income growth is greatest for the youngest birth cohort and the 

means decrease with age as expected. In terms of concurrent education 

obtainment, the percentages of those concurrently in attendance and those who 

concurrentiy received a degree decline by birth cohort as expected. The mean 

numbers of years of college education as of 1982 increase from 4.42 years for 

^̂  Estimation of the econometric models by birth cohort requires dropping 
the dummy variables DGONE, DGTWO, DGTHREE, and DGFOUR besides the 
three birth cohort dummies. To estimate the effects of age at the time of degree 
receipt, an interaction is created using the dummy variable RCVDGR and age at 
the time of degree receipt. The new variable is DGAGE. The variable RCVDGR 
is also included in the econometric model. 
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Table 5.14: Sample Means by Birth Cohort, Men 
Birth Cohort of Ages 

Variable 2 1 - 2 5 2 6 - 3 5 3 6 - 4 5 4 6 - 5 9 

DINCOME 

YRSED 

ATTEND 

RCVDGR 

DGAGE 

PRIORDG 

AGE 

AEXP 

(AEXP) X EXPo 

WKSWRKI 

WKSWRKII 

PTFT 

FTPT 

PTPT 

TRTOMNG 

TROUTMNG 

LATERAL 

.261 

4.42 

.365 

101 

2.46 

.915 

24.5 

1.93 

4.23 

50.1 

50.8 

.036 

.007 

.016 

.074 

.040 

.408 

.183 

5.36 

.219 

.050 

1.54 

.928 

31.2 

2.01 

13.4 

51.3 

51.3 

.011 

.004 

.004 

.119 

.078 

.281 

.125 

5.91 

.124 

.016 

.619 

.937 

40.1 

2.16 

27.0 

51.5 

51.4 

.002 

.003 

8x10"^ 

.107 

.090 

.205 

.089 

5.37 

.076 

.007 

.384 

.927 

51.8 

2.20 

39.4 

51.5 

51.3 

.002 

.006 

.002 

.091 

.010 

199 
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the youngest cohort to 5.91 years for the second oldest cohort then decrease to 

5.37 years for the oldest. This behavior reflects the fact that members of the 

youngest cohort would be less likely to possess graduate-level degrees, degrees 

that require more years of college education and that would be more abundant 

among the older cohorts' members since they have had more time to acquire 

them. Similariy, the percentages of the individual cohorts that possessed a 

degree prior to the period under study behave as the YRSED means. The fact 

that the YRSED mean for the oldest cohort is less than the mean for the second 

oldest cohort may be explained by the fact that prior to 1950 and periiaps 

somewhat later, entry into some professions represented in the data did not 

require college education at all or a college education to the extent that is 

required at present. Professional apprenticeships and on-the-job training used to 

be the means by which entry was gained into some professions (Friedman and 

Kuznets, 1945). This would explain why the percentage of the oldest male 

cohort with a prior degree would be lower than the second oldest cohort. 

In terms of employment participation, the percentages of those employed 

full-time in both of this study's chosen survey years increase by birth cohort. 

These percentages are 94.2, 98.1, 99.4, and 99 from youngest to oldest. Given 

the higher percentages of males remaining in full-time employment for the three 

oldest cohorts, the percentages of these cohorts substituting time from 

employment participation to education participation would be rather small as 

indicated by the means for the variables FTPT and PTPT. Based on this finding, 

it would be difficult to attribute positive education obtainment effects to time 

122 



reallocations from education participation to employment participation. The 

percentages making transitions from part to full-time employment are highest for 

the youngest male cohort as expected. This is also the predominant employment 

status transition in three out of four of the cohorts with the oldest male cohort 

being the exception. Among members of the oldest male cohort making an 

employment status transition, transitioning from full to part-time employment is 

the highest percentage transition. 

Sample means by the four female birth cohorts are presented in Table 

5.15. For women, mean log earned income growth is also greatest for the 

youngest birth cohort and it decreases with age but the difference between the 

second youngest and second oldest cohorts is small measuring .005. A Z test of 

the null hypothesis that these means are equal results in failure to reject the null 

with 95% confidence. Therefore, these means are statistically equal. In terms of 

concurrent education obtainment, the percentages of those concurrently in 

attendance and those who concurrently received a degree decline by birth cohort 

again as expected. Note that higher percentages of women cohort-by-cohort 

concurrently obtained education relative to the men. The mean numbers of 

years of college education as of 1982 increase from 4.42 years for the youngest 

cohort to 6.09 years for the second oldest cohort then decrease to 5.9 years for 

the oldest. The same explanation for this behavior given above applies here. In 

terms of prior degree possession, the percentages are approximately equal 

across the cohorts unlike the situation for men. 
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Table 5.15: Sample Means by Birth Cohort, Women 
Birth Cohort of Ages 

Variable 2 1 - 2 5 2 6 - 3 5 3 6 - 4 5 4 6 - 5 9 

DINCOME 

YRSED 

ATTEND 

RCVDGR 

DGAGE 

PRIORDG 

AGE 

AEXP 

(AEXP) X EXPo 

WKSWRKI 

WKSWRKII 

PTFT 

FTPT 

PTPT 

TRTOMNG 

TROUTMNG 

LATERAL 

.234 

4.42 

.398 

103 

2.56 

.899 

24.5 

1.96 

4.49 

49.9 

50.2 

.033 

.028 

.026 

.096 

.044 

433 

183 

5.39 

.286 

.064 

1.92 

.908 

30.3 

2.05 

12.6 

50.1 

49.9 

.023 

.031 

.041 

.109 

.073 

.304 

178 

6.09 

.220 

.039 

1.58 

.905 

39.6 

2.09 

21.4 

49.7 

50.2 

.039 

.025 

.069 

.093 

.060 

.236 

.125 

5.90 

.174 

.022 

1.13 

.899 

51.7 

2.02 

24.2 

50.1 

50.3 

.016 

.024 

.048 

.079 

.073 

.214 
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Why the percentages of women with prior degrees are approximately 

equal across the cohorts when the mean numbers of years of education behave 

as they do is puzzling. As with men, women of the older cohorts have had more 

calendar time to pursue a degree. However, when it comes to shifts in time 

allocations from one activity to another, many women also have to take into 

consideration their family-related responsibilities that also place demands on 

time. This is evident when one looks across the male and female cohorts from 

youngest to oldest at the lower percentages of women employed full time in both 

of the survey years, that is, 91.3%, 90.5%, 86.7%, and 91.2%, respectively; the 

higher percentages of women employed part-time in both of the survey years; 

and the higher percentages of women who transition from full to part-time 

employment. Family-related demands on time plus the 5 year difference in the 

female and male samples' average ages with women being younger on average 

may explain why lower percentages of women possess degrees prior to entering 

the 1981-83 period. Relaxed family-related demands on time may explain why 

higher percentages of women versus men concurrently obtained education 

during the 1981-83 period. They also may explain why mean log earned income 

growth for the two oldest female cohorts is higher than the mean log earned 

income growth for the two oldest male cohorts. 

Estimated Effects 

Table 5.16 contains the parameter estimates for the four male birth 

cohorts. The signs of the estimated coefficients are as expected where the 
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Table 5.16: Estimated Effects of Obtaining College Educafion by Birth Cohort; 
Men 

Variable 

Intercept 

YRSED 

ATTEND 

RCVDGR 

DGAGE 

PRIORDG 

AGE 

AEXP 

(AEXP) 

xEXPo 

WKSWRKI 

WKSWRKII 

PTFT 

FTPT 

PTPT 

TRTOMNG 

TROUTMNG 

LATERAL 

Sample Size 

Adj. R̂  

21 

Est. 

.013 

.021 

-.058 

-.421 

.016 

-.022 

.006 

2x10"^ 

4x10"^ 

-.030 

.030 

.775 

-.405 

-.143 

.003 

.038 

.001 

556 

.3327 

25 

Conf. 

Level' 

*** 

*** 

*** 

** 

26-

Est. 

.401 

.009 

3x10"^ 

.101 

-.001 

-.002 

-.005 

.009 

-.001 

-.024 

.022 

.138 

-.352 

-.199 

.001 

-.037 

.006 

7425 

.1193 

-35 

Conf. 

Level'^ 

** 
*** 

irir* 

* 

** 

*** 

*** 

* 

*** 

*** 

** 

36-

Est. 

.074 

.003 

.001 

-.142 

.005 

.039 

-.004 

.001 

7x10"^ 

-.019 

.022 

-.003 

-.321 

.039 

.002 

-.022 

-.010 

6484 

.0594 

•45 

Conf. 

Lever 

* 

** 

*** 

*** 

*** 

*** 

46-

Est. 

-.006 

.007 

.019 

-.428 

.008 

-.031 

-.002 

-.001 

3x10"^ 

-.013 

.017 

.177 

-.230 

-.546 

.011 

-.012 

-.006 

5747 

.0503 

-59 

Conf. 

Level'^ 

«* 

** 

** 

*** 

*** 

*** 

^Three asterisks denotes that the null hypothesis the individual parameter 
estimate equals zero can be rejected with 99% confidence, two asterisks 
represents 95% confidence, and one asterisk represents 90% confidence. 

^These results are based upon single degree of freedom chi-squared tests 
using White's (1980) heteroscedastic-consistent covariance matrix instead of 
the standard t test. 
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estimate is significant at conventional significance levels. For each cohort, 

neither concurrent attendance nor concurrent degree receipt significantly affects 

log earned income growth. For the youngest male cohort, besides additional 

weeks worked in both survey years, the only other significant effects are 

associated with time use substitutions. The parameter estimates indicate 

reallocating time from other activities to paid employment results in an increase 

in log eamings growth of .775 above the log earnings growth of those employed 

full-time in both survey years. Even if a degree were received, the evidence 

leads to the conclusion that increases in eamings growth result from the effects 

of time substitutions when they occur instead of human capital accumulation 

through concurrent college education obtainment. This same conclusion is also 

reached for the remaining cohorts by virtue of the evidence. Likewise 

reallocating time to other activities to include education participation significantly 

reduces log earnings growth by .405 but concurrent education obtainment in and 

of itself would not significantly affect log earnings growth through an independent 

effect. Again, the same conclusion is reached for the remaining male cohorts. 

For women, the story is again different in some respects as indicated by 

the parameter estimates in Table 5.17. Similar to the case of men, obtaining 

education to the extent of being in attendance does not significantly affect log 

earnings growth. However, concurrent degree receipt significantiy increases the 

growth rate for the cohort aged 21 through 25 by .104 and the growth rate for the 

cohort aged 26 through 35 by . 1 (X) relative to the individuals who did not obtain a 

degree while holding constant the effects of time reallocations from other 
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Table 5.17: Estimated Effects of Obtaining College Education by Birth Cohort; 
Women 

Variable 

Intercept 

YRSED 

ATTEND 

RCVDGR 

DGAGE 

PRIORDG 

AGE 

AEXP 

(AEXP) 

xEXPo 

WKSWRKI 

WKSWRKII 

PTFT 

FTPT 

PTPT 

TRTOMNG 

TROUTMNG 

LATERAL 

Sample Size 

Adj. R̂  

21 

Est. 

-.278 

.040 

-.023 

5.51 

-.218 

-.170 

.003 

.020 

-.002 

-.025 

.033 

.474 

-.286 

-.427 

-.074 

-.052 

-.022 

427 

.3973 

-25 

Conf. 

Level'^ 

** 

*** 

*** 

* 

** 

*** 

*** 

** 

ir 

*** 

* 

26-

Est. 

.243 

.001 

.020 

1.33 

-.041 

-.031 

.002 

.007 

-.002 

-.031 

.031 

416 

-.302 

-.259 

.027 

.045 

-.064 

2309 

.2850 

-35 

Conf. 

Level '̂̂  

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

36-

Est. 

.056 

.002 

5x10'" 

3.23 

-.074 

-.020 

-.003 

.08 

- 5 x 1 0 " 

-.012 

.016 

.287 

-.332 

.009 

.017 

.139 

.044 

1093 

.1100 

•45 

Conf. 

Level^'^ 

* 

*** 

*** 

*** 

*** 

* 

46-

Est. 

.458 

.007 

.029 

-.578 

.011 

.045 

.005 

.010 

5x10"" 

-.017 

.015 

.297 

-.119 

-.043 

.152 

-.051 

.015 

546 

.0611 

•59 

Conf. 

Level^'^ 

*** 

** 

*** 

*** 

** 

^Three asterisks denotes that the null hypothesis the individual parameter 
estimate equals zero can be rejected with 99% confidence, two asterisks 
represents 95% confidence, and one asterisk represents 90% confidence. 

^These results are based upon single degree of freedom chi-squared tests 
using White's (1980) heteroscedastic-consistent covariance matrix instead of 
the standard t test. 
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activities to paid employment participafion.^ The effect of this last transition 

dummy variable has its own significant and positive independent effect on log 

earnings growth. 

Regarding the two older female cohorts, concurrent degree receipt does 

not significantly affect log earnings growth. In the case of women aged 36 

through 45, transitioning from part to full-time employment produces a positive 

and significant independent effect. This however, is not true for the female 

cohort aged 46 through 59. It is interesting to note that for these last two cohorts, 

individuals employed part-time in both survey years do not suffer a penalty in 

terms of log earnings growth relative to those employed full time in both survey 

years. 

Section Summary 

One conclusion reached in estimating the econometric model with the 

grouped data and with the data divided according to birth cohort membership is 

that concurrent education obtainment to the extent of participation does not 

significantly affect log eamings growth. In estimating the econometric models 

with the grouped data, significant receipt of degree effects are found in the 

absence of controls for prior degrees but in the presence of controls for time 

substitution patterns. For men, only the cohort of individuals aged 26 through 35 

experience significant and positive receipt of degree effects with the degree 

^̂  The mean ages at which women in the two youngest cohorts 
concurrently received their degrees are 24.8 and 30 years. 
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receipt effects declining from the youngest to the oldest degree receipt age class. 

For women, the three youngest birth cohorts experience significant and positive 

receipt of degree effects that do not vary in any prescribed pattern by age of 

degree receipt. Hence, it may be concluded degree receipt effects are negatively 

age dependent for men but age neutral for women. Once the variable PRIORDG 

is included in the model, the second youngest male cohort and the youngest 

female cohort experience significant receipt of degree effects. 

In estimating the econometric models by birth cohort, no significant 

concurrent education obtainment effect is found for men. For women, only those 

women in the two youngest cohorts who received a degree concurrentiy 

experience a significant and posifive receipt of degree effect. These effects 

decrease from the youngest cohort to the second youngest cohort. Again, this is 

in the presence of the significant effects of time substitufions from other activities 

to paid employment participation. 

Simulated Earned Income Behavior 

Simulated Male Earned Income Growth Rates 

The simulated growth rates in Table 5.18 have been produced in 

accordance with the procedures detailed in the preceding chapter using the male 

model parameter estimates of Table 5.13.^ These simulated growth rates 

^ Table A.5 contains the means used to conduct the simulation exercises 
with the male and female models estimated with the combined birth cohort 
samples. Note that these samples' means are different from those presented in 
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Table 5.18: Simulated Earned Income Growth Rates with Broad Age-range 
Parameter Estimates, Men 

Growth Rates By Birth Cohort of Individuals 
Aged: 

Growth Rate Simulation Conditions' 21 - 25 26 - 35 36 - 45 46 - 59 

Base Model"' ^ 

And Concurrently Attended 

And Concurrently Attended and 
Concurrently Received a Degree Between the 

Ages of: 
2 1 - 2 5 
2 6 - 3 5 
3 6 - 4 5 
4 6 - 5 9 

And Concurrently Attended, 
Received a Degree, and 

Transitioned From Part to Full-time 
Employment Between the Ages of: 

2 1 - 2 5 
2 6 - 3 5 
3 6 - 4 5 
4 6 - 5 9 

.09 

.09 

.14 

.25 

.07 

.07 

.11 

.22 

.06 

.06 

.07 

.18 

.07 

.07 

.07 

.18 

^Each simulated growth rate begins with the base model. The effect of the 
given condition is successively computed by adding the given condition or 
conditions' effects to the base model simulation. The omitted groups are 
those who did not participate in college education, those who did not receive 
a degree, those who were employed on a full-time basis in both survey years, 
those who did not change their primary work activity, and the birth cohort 
aged 21-25. 

^The base model growth rates are calculated by summing the products of the 
coefficients of YRSED, AGE, AEXP, AEXP x EXPo. WKSWRKI, and 
WKSWRKII with their respective means and adding the coefficient for the 
dummy variable PRIORDG. Division of this sum by 2 equals the simulated 
growth rate over the 1981 to 83 period. 

^ h e base model simulation for each cohort is computed as in note two with 
the addition of the birth cohort effect for each of the cohorts. 

Table 5.8 since the sample sizes are reduced from the formation of the variable 
PRIORDG. 
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generally behave as expected by the different simulation conditions in that they 

decrease with age. Education obtainment to the extent of just concurrent 

attendance does not result in growth rate adjustments but education obtainment 

to the extent of concurrent degree receipt plus attendance does. These 

adjustments also decline with age of degree receipt. In terms of earned income 

behavior, profile slopes in the fime period under study are steeper at young ages 

and earned income growth declines with age implying concave profiles. 

For the minority of men who transitioned from part to full-fime employment 

and received degrees, such changes produce large positive growth rate 

adjustments that range from .11 to 16. In terms of earned income behavior, 

these last adjustments imply that individuals who concurrently obtained 

education through attendance, who concurrently received a degree, and who 

transitioned from part to full-time paid employment participation would experience 

earned income growth over these short profile segments at older ages greater 

than the earned income growth experienced by individuals at younger ages 

under base model conditions at minimum. 

Recall that the male model estimated on the combined birth cohort data 

that produced the estimates from which the above simulation exercises are 

based is a restricted model. It is a restricted model in that the parameter 

estimates are forced to be constant across the birth cohorts. Further note that a 

previously conducted F test of this restriction resulted in the conclusion that the 

parameter estimates are not constant across \he birth cohorts. Because of this. 
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simulation exercises using the parameter estimates of Table 5.16 have been 

conducted. The results of these exercises are presented in Table 5.19.^ 

The decreasing base model simulated growth rates of Table 5.19 apply to 

the majority of males in each of the birth cohorts. The simulated growth rates for 

concurrent attendance only marginally differ from the base model growth rates 

for the youngest and oldest birth cohorts and are positive. The simulated growth 

rates with the additional condition of concun-ent degree receipt differ from the 

base model growth rates by margins ranging from .01 to .04. For men aged 26 

through 35, concurrent degree receipt provides a growth rate that is higher than 

the growth rate experienced by those individuals under the base model 

conditions. In this case of a positive growth rate as a result of the additional 

condition of degree receipt, the suggested earnings profile behavior over the 

1981 through 1983 period may be locally convex but mildly in comparison to the 

profile behavior suggested under the base model conditions. This conclusion 

also generally holds under the additional condition of transitioning from part to 

full-time employment where the growth rates differ from the base model growth 

rates by margins ranging from .01 to .35 with the highest margin belonging to 

men between the ages of 21 through 25. Note that these margins decrease to 

.10 and .01 for the second and third youngest cohorts then rise to .10 for the 

oldest cohort. 

34 The means used in these simulations are presented in Table A.6. 
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Table 5.19: Simulated Earned Income Growth Rates By Birth Cohort, Men 
Growth Rates By Birth Cohort of 

Individuals Aged: 

Growth Rate Simulation Conditions^ 21 - 25 26 - 35 36 - 45 46 - 59 

Base Models^ 1^ To ^ 6 ^ 5 

And Concurrently Attended 10 10 .06 .06 

And Concurrently Attended and 
Received a Degree^ .09 .13 .07 .07 

And Concurrently Attended, 
Received a Degree, and 

Transitioned From Part to Full-time 
Employment .48 .20 .07 .15 

^Each simulated growth rate begins with the base model. The effect of the 
given condition is successively computed by adding the given condition or 
conditions' effects to the base model simulation. The omitted groups are 
those who did not participate in college education, those who did not receive 
a degree, those who were employed on a full-time basis in both survey years, 
and those who did not change their primary work activity. 

^The base model growth rates are calculated by summing the products of the 
coefficients of YRSED, AGE, AEXP, AEXP x EXPo, WKSWRKI, and 
WKSWRKII with their respective means and adding the coefficient for the 
dummy variable PRIORDG. Division of this sum by 2 equals the simulated 
growth rate over the 1981 to 83 period. 

^Since the variable DGAGE detects degree receipt and the age at which the 
degree was received, the products of the DGAGE coefficients with their 
means by birth cohort are included in the simulated growth rates. 
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Simulated Female Earned Income Growth Rates 

The simulated growth rates in Table 5.20 have been produced using the 

female model parameter estimates of Table 5.13.^ The growth rates under the 

base model conditions increase with age but differ only marginally across the 

birth cohorts. The growth rates under the additional concurrent attendance 

condition are approximately equal across the birth cohorts. Of particular interest 

are the growth rates under the additional condition of concurrent degree receipt 

by age of degree receipt. Note the pattem observed for women is markedly 

different from the pattern observed for the men. For men, the decline of the 

simulated growth rates across the cohorts under the additional condition of 

degree receipt implies obtainment age dependence. This pattern is not observed 

for women. Furthermore, the pattern for women tends to suggest obtainment 

age neutrality by the growth rates decreasing, increasing, then decreasing from 

the youngest to the oldest cohort. This same pattern is observed under the 

additional condition of transitioning from part to full-time employment, transitions 

higher percentages of the female birth cohorts experienced relative to the men. 

In the case of women who obtained education to the extent of degree receipt, it is 

clear that earned income behavior may be experienced at an older age that 

reflects the behavior one would expect at younger ages. 

Note that the simulated growth rates in Table 5.20 are based on the 

parameter estimates from the model estimated on the women's combined birth 

^ The means used in these simulations are presented in Table A.7. 
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Table 5.20: Simulated Earned Income Growth Rates with the Broad Age-range 
Parameter Estimates, Women 

Growth Rates By Birth Cohort of Individuals 
Aged: 

Growth Rate Simulation Conditions^ 21 - 25 26 - 35 36 - 45 46 - 59 

Base Model'"' •" 

Concurrently Attended 

Concun-ently Attended and 
Concunrently Received a Degree Between the 

Ages of: 
2 1 - 2 5 
2 6 - 3 5 
3 6 - 4 5 
4 6 - 5 9 

Concun-ently Attended, 
Received a Degree, and 

Transitioned From Part to Full-time 
Employment Between the Ages of: 

2 1 - 2 5 
2 6 - 3 5 
36 -45 
4 6 - 5 9 

.10 

.10 

.24 

.42 

.11 

.10 

.14 

.32 

.11 

.10 

.20 

.38 

.12 

.11 

.13 

.32 

^Each simulated growth rate begins with the base model. The effect of the 
given condition is successively computed by adding the given condition or 
conditions' effects to the base model simulation. The omitted groups are 
those who did not participate in college education, those who did not receive 
a degree, those who were employed on a full-time basis in both survey years, 
those who did not change their primary work activity, and the birth cohort 
aged 18-25. 

^The base model growth rates are calculated by summing the products of the 
coefficients of YRSED, AGE, AEXP, AEXP x EXPo, WKSWRKI, and 
WKSWRKII with their respective means and adding the coefficient for the 
dummy variable PRIORDG. Division of this sum by 2 equals the simulated 
growth rate over the 1981 to 83 period. 

^ h e base model simulation for each cohort is computed as in note two with 
the addition of the birth cohort effect for each of the cohorts. 
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cohort data. These parameter estimates are also forced to be equal across the 

four birth cohorts, a restriction shown to be incorrect via an F test given the data 

in the sample. Because of this, simulation exercises using the parameter 

estimates of Table 5.17 have been conducted. The results of these exercises 

are presented in Table 5.21.^ 

In general, the results of these simulation exercises are qualitatively 

identical with the results of the simulation exercises conducted with the model 

estimated on the combined birth cohort data with one exception. This exception 

is that the growth rates with the constant coefficient restriction removed are 

higher in most cases but the case of the cohort aged 46 through 59. In terms of 

earned income behavior for the three youngest cohorts, degree obtainment at 

older ages increases growth rates over and above those growth rates 

experienced by women under the base model conditions. This implies earned 

income profile segments of degree obtainers may be locally convex and earned 

income profiles of these individuals may exhibit behavior other than concavity. 

Of women aged 46 through 59, only those who transifion from part to full time 

employment will experience this behavior. 

Section Summary 

For both men and women, neither earned income growth rates nor eamed 

income behavior is greatiy affected by education obtainment to the extent of 

36 The means used in these simulations are presented in Table A.8. 
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_ Table 5.21: Simulated Earned Income Growth Rates By Birth Cohort, Women 
Growth Rates By Birth Cohort of 

Individuals Aged: 

Growth Rate Simulation Conditions^ 21 - 25 26 - 35 36 - 45 46 - 59 

Base Models'̂  T2 Ts l 5 ^ 9 

And Concurrently Attended .11 12 15 .10 

And Concurrently Attended and 
Received a Degree^ .25 19 .29 .10 

And Concurrently Attended, 
Received a Degree, and 

Transitioned From Part to Full-time 
Employment ,48 ,39 ,43 .24 

^Each simulated growth rate begins with the base model. The effect of the 
given condition is successively computed by adding the given condition or 
conditions' effects to the base model simulation. The omitted groups are 
those who did not participate in college education, those who did not receive 
a degree, those who were employed on a full-time basis in both survey years, 
and those who did not change their primary work activity. 

^The base model growth rates are calculated by summing the products of the 
coefficients of YRSED, AGE, AEXP, AEXP x EXPo, WKSWRKI, and 
WKSWRKII with their respective means and adding the coefficient for the 
dummy variable PRIORDG. Division of this sum by 2 equals the simulated 
growth rate over the 1981 to 83 period. 

^Since the variable DGAGE detects degree receipt and the age at which the 
degree was received, the products of the DGAGE coefficients with their 
means by birth cohort are included in the simulated growth rates. 
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participation. For men 26 through 35 years of age and for women aged 21 

through 25, 26 through 35, and 36 through 45 where concurrent education 

obtainment is marked by degree receipt, earned income growth rates are higher 

than the growth rates experienced under the base model conditions. For men 

these growth rates are age-dependent in that age at the time of degree receipt 

may limit the education obtainment effect. For women, the opposite seems to be 

the case judging by the behavior of the growth rates by age of degree receipt and 

by the behavior of the growth rates under the additional condition of concurrent 

degree receipt across the female birth cohorts. 

In general, the growth rates are amplified by the additional condifion of 

transitioning from part to full time employment, an effect that may be applicable 

to those who concurrentiy obtained education to the extent of participation but did 

not complete a degree during the 1981 through 1983 period. In terms of earned 

income behavior based on the simulated growth rates, segments of earned 

income profiles at older ages are representative of high-growth profile segments 

one would expect at younger ages. In other words, earned income profiles of 

men and women may exhibit behaviors that reflect something other than life 

cycle earned income concavity if education obtainment and or time reallocation 

effects were statistically significant. Such behavior can be traced to either 

education obtainment to the point of degree receipt effects or to time substitution 

effects or a combination of both effects working in the same direction at or about 

the same time. 
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CHAPTER VI 

CONCLUSIONS 

The present study's general objectives are to empirically investigate over 

a broad age range whether and how education obtainment at older ages affects 

men and women's concurrent earned income growth and to investigate how 

education obtainment at older ages affects the behavior of life cycle earned 

income profiles in the same period. In general, the following is shown. First, 

education obtainment to the extent that participation in education takes place 

does not affect concurrent earned income growth nor the behavior of earned 

income profiles, a conclusion at odds with the human capital theory of earned 

income behavior determinafion. 

Second, education obtainment to the extent of degree receipt may or may 

not result in significant and independent concurrent effects on earned income 

growth. This conclusion is reached by virtue of the results estimated with data 

covering a broad age range, by virtue of the results estimated with data covering 

narrow age ranges, and by virtue of the different results achieved by gender. 

Using data covering a broad age range, significant and posifive effects have 

been found for males who received a degree between the ages of 26 and 35 and 

for women who received a degree between the ages of 21 through 25 and 26 

through 35. With the combined data, it is shown that concurrent education 

obtainment effects attributable to degree receipt are age dependent for men in 
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that the effects decline with age at the time of obtainment but age neutral for 

women. 

Using data covering narrowly defined age ranges, no significant degree 

receipt effects are found for men while significant and highly positive effects are 

found for women who received a degree between the ages of 21 through 25 and 

between the ages of 26 through 35. At least for these women, education 

obtainment to the point of degree receipt results in concurrent increases in 

earned income growth, increases that lead to locally convex earned income 

profile segments. Based on this finding, these women's life cycle earned income 

profiles reflect behavior at an older age that is representative of high earned 

income growth behavior that is expected at a younger age. Women's earned 

income profiles of those who acquire education at older ages do not behave in a 

manner consistent with age-graded behavioral norms regarding earned income 

growth. 

An additional finding is that women who reallocate time from other 

activifies to paid employment participation receive an additional increase to their 

earned income growth thus affecting their earned income profiles' behavior. For 

men, such affects are only present for the cohort aged 21 through 25. In the 

absence of significant concurrent education obtainment effects and significant 

and positive time reallocation effects by male birth cohorts at older ages, it can 

only be concluded that men who obtain education at older ages generally do not 

experience immediate monetary rewards that would be evidenced by increased 

concurrent earned income growth. Based on the sum of this evidence, 
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concurrent earned income profile segments of men who obtain educafion at older 

ages are perhaps locally concave on average. Therefore, no evidence is found 

that points to alternative life cycle profile behaviors for men who obtain education 

at older ages. However, since ex post education obtainment effects may exist, 

effects that seem to increase earned income growth in later periods, the 

possibility of alternative profile behaviors arising from education obtainment at 

older ages cannot be ruled out entirely. 

At the beginning of the present study, it was pointed out that life cycle 

earned income concavity is a maintained assumption in studies of life cycle 

savings and consumption. Given consumption smoothing over time where the 

representative individual's consumption profile is flat, earned income concavity 

implies a period of dissaving followed by a period of saving. This last period 

ends when the representative individual ceases paid employment participation at 

the time of retirement thus marking entry into a period where consumption is 

funded out of savings and perhaps pension income. In households where males 

provide the only earned income and where they are strongly committed to paid 

employment participation, earned income concavity seems appropriate in the 

absence of significant education obtainment effects as well as other effects that 

may alter the course of male earned incomes. 

In contemporary fimes however, two income households predominate. 

Furthermore, four empirical phenomena have emerged that are simultaneously 

explained in the life cycle context by a concave earned income profile that rises 

in the eariy years in combination with a non-trivial rate of time preference. These 
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phenomenon are the posifive relationship between household earned income 

and consumption over time, the close tracking of consumption with household 

income, the generally low levels of households' savings accompanied by high 

levels of household debt accumulation, and delayed initiation of retirement 

savings accumulation relatively later in the life of households. Convexities in 

dual income households' earned income profiles offer an alternative 

simultaneous explanation to these phenomena; convexities that may arise from 

female spouses' changing paid employment participation and education 

obtainment. As higher percentages of non-traditionally aged women participate 

in college education and as they enter or reenter the labor force later in life, 

educafion obtainment effects as well as time reallocation effects should become 

more important in the determination of household income and household income 

behavior in the aggregate. Therefore, these effects need to be taken into 

account in studies of household consumption and savings. 
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Table A . I : Descriptive Statistics for Education Obtainment Groups 2 and 3 by 
Temporal Obtainment Pattern and by Period, Men 

Per. Ed. 

Obtained 

Group 2 Group 3 

1 3 Per. Mean s. e. n Mean s. e. n 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

0.0143 

-0.0378 

-0.0161 

0.0175 

-0.3332 

0.2123 

.1492 

-1743 

.5413 

0.0008 

0.0593 

-0.1825 

.1693 

-.0593 

.3242 

.1114 

-.0481 

.2976 

.1767 

-.0623 

.3858 

.4403 

.6888 

.6928 

.2120 

.7968 

.9069 

.3693 

.8395 

.8949 

.4738 

.7824 

.8191 

.2342 

.8681 

.9975 

.5148 

.8393 

.7873 

.3128 

.6847 

.7633 

884 

326 

393 

551 

109 

227 

413 

0.1783 

-0.0207 

0.1377 

0.0187 

0.064 

0.0562 

.2948 

.2326 

.2449 

-0.0076 

-0.0826 

0.0638 

.1008 

-.2114 

.6901 

.0928 

.1929 

.2461 

.3296 

.1568 

.2227 

.5312 

.7612 

.7392 

.3675 

.6025 

.6313 

.5791 

.3765 

.2398 

.3739 

.7682 

.7182 

.5287 

.8732 

1.009 

.2994 

.1211 

.1507 

.5494 

.1030 

.2138 

642 

248 

93 

184 

16 

10 

10 

149 



Table A.2: Descriptive 
JTemporal Obtainment 

Per. Ed. 

Obtained 

Statistics for Education Obtainment Groups 2 and 3 by 
Pattern and by Period. Women 

1 

Group 2 

3 Per. Mean s. e. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

.1720 

.0087 

.3757 

.1752 

.2867 

.6043 

.1378 

-1649 

.7088 

.1585 

.1058 

.2095 

.2098 

.1619 

.2073 

.1407 

.0274 

.3795 

.2105 

-.0450 

.3963 

.5013 

.7994 

.8114 

.2123 

.8964 

.9138 

.6738 

1.0692 

.9848 

.5409 

.5275 

.6894 

.6571 

.5990 

.6672 

.4001 

.5923 

.7106 

.3527 

.7957 

.7943 

n 

235 

79 

124 

173 

57 

89 

177 

Group 3 

Mean s. e. 

.3360 

.0258 

.5297 

.1764 

.1105 

.4482 

.1579 

.3518 

.3303 

.1501 

-.0361 

.4558 

.4831 

.1221 

.7130 

.0987 

-.0248 

.4316 

.7815 

.9341 

.8978 

.5138 

.6371 

.7158 

.4479 

4644 

.6785 

.5129 

.8673 

.9346 

.8021 

1.0247 

.7478 

.6528 

.5047 

.5950 

n 

268 

89 

37 

96 

10 

0 
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Table A.3: Sample Standard Errors and Sample Sizes for 1981 to 88 Earned 
Jncome Growth by Age Class and Education Obtainment Group, Men 

Age Class 

Group s. e. n s. e. n s. e. n s. e. n 

1 4Tl 1976 T347 5097 ^56 3698 ^632 1697 

2 .429 801 .431 1206 .519 648 .744 248 

3 .639 562 484 482 .269 126 .725 33 
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Table A.4: Sample Standard Errors and Sample Sizes for 1981 to 88 Earned 
Jncome Growth by Age Class and Education Obtainment Group, Women 

Age Class 

1 2 3 4 

Group s. e. n s. e. n s. e. n s. e. n 

1 

2 

3 

.598 

.556 

.866 

632 

377 

253 

.426 

.594 

.870 

866 

360 

189 

417 

.601 

.492 

340 

142 

51 

.993 

.599 

.390 

139 

55 

13 
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Jable A.5: Male Sample Means used for Simulation Exercises of Table 5.18 
Variable Mean 
DINCOME 

YRSED 

ATTEND 

DGONE 

DGTWO 

DGTHREE 

DGFOUR 

PRIORDG 

AGE 

WKSWRKI 

.140 

5.51 

152 

.002 

.018 

.006 

.002 

.930 

39.7 

AEXP 2.11 

(AEXP) X EXPo 24.9 

51.4 

WKSWRKII 5 1 3 

PTFT 006 

FTPT .004 

PTPT 003 

TRTOMNG .106 

TROUTMNG .087 

LATERAL .237 

BCTWO .367 

BCTHREE .321 

BCFOUR .284 
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Table A.6: Male Sample Means by Birth Cohort used for Simulation Exercises of 
Table 5.19 

Variable 

DINCOME 

YRSED 

ATTEND 

RCVDGR 

DGAGE^ 

PRIORDG 

AGE 

AEXP 

(AEXP) x EXPo 

WKSWRKI 

WKSWRKII 

PTFT 

FTPT 

PTPT 

TRTOMNG 

TROUTMNG 

LATERAL 

21 -25 

.261 

4.42 

.365 

101 

24.5 

.915 

24.5 

1.93 

4.23 

50.1 

50.8 

.036 

.007 

.016 

.074 

.040 

.408 

Birth Cohort 

26-35 

183 

5.36 

.219 

.050 

30.8 

.928 

31.2 

2.01 

13.4 

51.3 

51.3 

.011 

.004 

.004 

.119 

.078 

.281 

36 45 

125 

5.91 

.124 

.016 

39.7 

.937 

40.1 

2.16 

27.0 

51.5 

51.4 

.002 

.003 

.0008 

.107 

.090 

.205 

46-59 

.089 

5.37 

.076 

.007 

51.3 

.927 

51.8 

2.20 

39.4 

51.5 

51.3 

.002 

.006 

.002 

.091 

.100 

.199 

1. The means of the variable DGAGE are for those individuals who received a 
degree. 

154 



Jable A.7: Female Sample Means used for Simulation Exercises of Table 5.20 

Variable Mean 

DINCOME T79 

YRSED 5.53 

ATTEND 267 

DGONE 008 

DGTWO 035 

DGTHREE 011 

DGFOUR 003 

PRIORDG 905 

AGE 34.7 

AEXP 2.05 

(AEXP) x EXPo 15.4 

WKSWRKI 50.0 

WKSWRKII 50.0 

PTFT .027 

FTPT .028 

PTPT .047 

TRTOMNG .100 

TROUTMNG .067 

LATERAL .289 

BCTWO .528 

BCTHREE .250 

BCFOUR .125 
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Table A.8: Female Sample Means by Birth Cohort used for Simulation Exercises 
_oLTable5.21 

Variable 

DINCOME 

YRSED 

ATTEND 

RCVDGR 

DGAGE^ 

PRIORDG 

AGE 

AEXP 

(AEXP) X EXPo 

WKSWRKI 

WKSWRKII 

PTFT 

FTPT 

PTPT 

TRTOMNG 

TROUTMNG 

LATERAL 

21 -25 

.234 

4.42 

.398 

103 

24.8 

.899 

24.5 

1.96 

4.49 

49.9 

50.2 

.033 

.028 

.026 

.096 

.044 

.433 

Birth Cohort 

26-35 

181 

5.39 

.286 

.064 

30.0 

.908 

30.3 

2.05 

12.6 

50.1 

49.9 

.023 

.031 

.041 

109 

.073 

.304 

36-45 

178 

6.09 

.220 

.039 

40.1 

.905 

39.6 

2.09 

21.4 

49.7 

50.2 

.039 

.025 

.069 

.093 

.060 

.236 

46-59 

125 

5.90 

174 

.022 

51.3 

.899 

51.7 

2.02 

24.2 

50.1 

50.3 

.016 

.024 

.048 

.079 

.073 

.214 

1. The means of the variable DGAGE are for those individuals who received a 
degree. 

156 


