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Abstract The experience of post-secondray education in the United States can look very different across different students. Almost half of postsecondary students will start in community colleges; many will transfer and students may drop out or earn different degrees along the way. Even for students with the same degree outcome there can be considerable heterogeneity in the path taken to get there. I estimate the life-cycle private and public returns to the different postsecondary paths and sequential decisions made by the students using data from the National Longitudinal Survey of Youth 1979 (NLSY79). My approach highlights both the benefits and the costs of different postsecondary choices, as well as taking account of the fact that wage premia are not constant over the life-cycle. I find positive, significant public and private returns for all paths through college. Significantly lower opportunity and direct costs for paths that involve community college make the internal returns to these paths high. Even for paths that lead to the same final degree, returns and present values are different due to different costs and earnings over the life-cycle.
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Introduction



Understanding how educational choices affect later labor market outcomes is a central research agenda in labor economics (Becker (1964), Mincer (1974), Card (1999), Heckman et al. (2006)). Returns to non-compulsory college education are of particular interest as students choose this level of schooling. Community colleges are an important and oft-ignored part of the post-secondary choice set in the United States. The existence of both community colleges and 4-year colleges implies considerable heterogeneity in the college experience, offering many possible postsecondary options and paths to students. In order to take account of this heterogeneity, I conceive of college as a sequence of choices along a post-secondary decision tree. This tree, described in detail in Section 3, consists of seven decision nodes and nine possible paths through college. This is a more realistic representation of student postsecondary decision making than the dichotomous (and canonical) “college” versus “no college” decision, or the “college” versus “some college” versus “no college” decision. Using this postsecondary decision tree, I estimate internal rates of returns and present values to college in a way that takes seriously the different postsecondary choices available to students. This is often difficult because information on entire post-secondary histories rather than final outcomes is not always available.1 I use longitudinal data from the National Longitudinal Survey of Youth 1979 (NLSY79) which allows me know the sequence of postsecondary choices respondents made, as well as to see a relatively long life-cycle of earnings.2 My calculations take into account the fact that different college choices involve different tuition, opportunity costs, and evolution of earnings 1



For example, in the Census we can see highest degree received or years of education but we do not know the types of institutions attended along the way. 2 NLSY79 respondents were an average of 49 years old in the 2010 survey.
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over the life-cycle. I evaluate the return to the educational investment from the point of view of both the individual (private returns) and the taxpayer (public returns). I find positive and significant private and public returns for most postsecondary paths and decisions. This is true even for paths that are usually thought of ex post bad outcomes, such as dropping out of college without an associate’s or bachelor’s degree. Significantly lower opportunity and direct costs for paths that involve community college make the returns to these paths high. For example, though community college dropouts earn a relatively small wage premia over high school graduates, they pay very little in both direct and opportunity costs making the return on their investment large. I also show that different post-secondary paths that lead to the same degree outcome have different returns and present values. For example, men that start at a 4-year school and get a bachelor’s degree will earn roughly twice as much in present value as those that started at community college and transferred without a degree. This implies that aggregating postsecondary paths into a “college” and “some college” will mask heterogeneity in returns. It is important to take into account the cost of the investment because different post-secondary choices involve different average levels of delay into the labor market, opportunity costs, and tuition costs. Tuition is lower at community colleges: in 2009 the average community college tuition was $5,000 less per year than the average public 4-year college.3 Opportunity costs of college attendance come from two sources: lost wages and the lost ability to accumulate work experience, implying that upon leaving college individuals will have less work experience than a similarly-aged high school graduate who did not attend college. Community college attendees are more likely to work while enrolled in college and gain more work experience conditional on working, thus making opportunity costs lower as well. 3



See Digest of Education Statistics 2009 Table 334
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This research expands on both the literature estimating internal rates of return to college and the literature on estimation of labor market benefits of community college. A recent study by Heckman et al. (2006) estimated internal rates of return for completing 14 years of schooling versus 12, and 16 versus 12 (in addition to returns to high school and below) across Census and CPS data; a classic study by Hansen (1963) similarly estimated internal rates of return to 1-3 years of college and 4+ years of college using the 1950 census. Trachter (2012) considers a model of postsecondary choices and option values which includes community college and estimates rates of return to vocational school, 2-year college, and 4-year college using data from the NLS-72. Altonji (1993) is the closest to my analysis, estimating ex post (as well as ex ante) rates of return to a vocational education, some college, college degree, and advanced degree by major. I add to this literature in several ways. First, I expand the definition of college used in these papers to include more college paths and decisions, differentiating between community college and 4-year college attendance. Second, using the longitudinal nature of my data I am able to take into account opportunity costs while enrolled in school, an important component of costs which may differ by path. Third, I have a relatively long life-cycle for this cohort respondents in my survey, up to almost age 50. Fourth, I estimate both private returns to the educational decision and returns to the taxpayer by considering both private and total costs. Finally, I control for both cognitive skills as measured by AFQT as well as non-cognitive traits such as motivation and self-efficacy. While the papers cited above each have components of these, none have them all nor consider the amount of college disaggregation that exists in this analysis. There is also a line of research which focuses specifically on community college. Current research on the effect of community college on labor market outcomes focuses on the effect on wages (or income) at a point in time - usually 6-14 years after high school graduation (Kane and Rouse 3



(1995), Marcotte et al. (2005), Grubb (1997), and Gill and Leigh (2003)). Based on a metaanalysis of studies, Belfield and Bailey (2011) find that the average estimated earnings premium for an associate’s degree over a high school degree is 13% for males and 22% for females; time spent in community college without attaining a degree earns the attendee an average of a 9% premium. These estimates, however, vary widely across studies: -1 to 29% for associate’s degrees. I augment our understanding of the wage premia for community college by calculating wage premia over the life-cycle for various community college and college paths to show how they evolve and that they are not constant. Combining the evolution of wage premia over the life-cycle with information on both direct and public costs and opportunity costs I am able to estimate rates of return to educational investments including community college rather than calculate at wage premia at a point in time. Kane and Rouse (1995) show that the wage premia for a college credit is the same across community colleges and 4-year schools. I show that different college paths involve different levels of time spent in school, time spent working, and time spent part-time which all affect the number of credits accumulated, and the returns.
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Description of NLSY79 Data and Sample



The NLSY79 is a nationally representative longitudinal dataset containing information on individuals who were between the ages of 14-22 in 1979 - graduating high school between 1975 and 1983. It contains data including but not limited to respondents’ family background characteristics, educational choices, work histories, and wages of respondents. They were interviewed annually until 1994 and biennially since then. The NLSY79 is particularly suited to this study because it allows us to see the entire path of
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respondents’ educational choices and also wages up to a relatively late age. For details on how the educational histories and wage paths are constructed see Appendix Section B. The NLSY79 allows for a rich set of control variables including: mother’s years of education, number of siblings in 1979, gender, intact family at age 14, urban residence at age 14, cognitive ability as measured by AFQT scores4 , self-efficacy as measured by the Rosenberg Self-Esteem and Rotter Locus of Control scales5 , and motivation as measured by the coding speed score from the ASVAB test6 . My final sample consists of 3,161 white males and females from the cross-sectional sample who are not missing control variables, did not earn a GED or an advanced degree, and for whom enough information about college paths is available, among those who went to college. Further information on variable construction and sample restrictions can be found in the Data Appendix Section B.
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The Postsecondary Decision Tree and College Paths



Students in the United States have a multitude of postsecondary choices and schooling paths available to choose from. Figure 5 illustrates these paths via a post-secondary decision tree. A high school graduate can choose to start at a 2-year college, or 4-year college, or not attend college at all. Conditional on starting at a 4-year college, she may drop out or earn a BA. Conditional on starting at a 2-year college, she can earn an associate’s degree (AA) or not, she can transfer to a 4 AFQT scores from from the ASVAB test, which was administered to respondent’s in 1980 and is a battery of 10 tests. The AFQT score is calculated from the scores on arithmetic reasoning, work knowledge, paragraph comprehension and one half of the score on numerical operations. I adjust AFQT scores for level of schooling at time of test and final level of schooling. 5 The first factor is taken via factor analysis, then adjusted similarly to the AFQT for schooling at the time of the test. The Rosenberg Scale was administered to respondents in 1979 and the Rotter Scale in 1980. For more on the AFQT, Rotter, and Rosenberg scales see the online data appendix 6 Adjusted similarly for schooling at time of test. Recent research by Segal (2012) shows intrinsic motivation is an important part of coding speed scores
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Figure 1: The Post-secondary Decision Tree AA-BA BA BA No BA Transfer
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BA 2-Year No BA
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No AA
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Note: Red circle represent decision nodes, grey circles are terminal nodes. The label (only given in terminal nodes) indicates the name of the final path through college.



4-year school with or without an AA, and once there earn a BA or not. This figure illustrates the increase in the number of possible paths through college afforded by the presence of community college. This figure does not yet take into account the variety of programming within community college, which increases even further the available choices. In this tree, students have nine possible final schooling paths to choose from. In a more traditional returns to college lit, three of these paths would be aggregated into “college” and are indicated in the figure by the dashed circles; the remaining five would be aggregated into “some college” and are indicated by the bold circles. The paths are each given a name, shown in the bottom of the circle for terminal nodes, that represents the path taken to that level of education
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(for example, 2AATD means started at a 2-year school, earned an AA, transferred to 4-year, and dropped out). We can define the wage premia for postsecondary schooling choices on wages in two ways: comparing two final schooling paths and estimating the treatment effect for switching between these paths or estimating treatment effects based on each discrete sequential decision an individual makes. The former is more traditional in the literature and considers student decision making in a static framework . The latter may be more realistic representation and considers student postsecondary decision making in a more dynamic framework. The sequential model takes into account both the direct increase wages from the choice as well as future option values afforded to the individual. For example, when choosing to start at a 2-year college one now has the option to earn an AA and/or to transfer to a 4-year school, and the value of those subsequent decisions will be taken into account in the treatment effect estimation at each sequential decision node.



3.1



Postsecondary decision making in the NLSY79



Figure 2 shows summary statistics and transition probabilities by node for the NLSY79 sample. The statistics include the mean of cognitive skills (as measured by AFQT scores), self-efficacy (as measured by Rosenberg Self-Esteem and Rotter Locus of Control Scales), motivation (as measured by coding speed from the ASVAB), and family income as well as the number of observations for each decision node and path starting from the 3161 in the sample.7 About 35% of the sample doesn’t go to college; another 35% starts at a 4-year school; and 30% starts at a 2-year school.8 7



For more information on the construction of the cognitive and non-cognitive traits see Appendix Section B. Recent research by Segal (2012) shows intrinsic motivation is an important part of coding speed scores. 8 The BA attainment numbers for 4- and 2-year starters are actually lower than those found in High School and = 38.5%) is very similar to ? who Beyond - 68% for both groups Lee et al. (1993). The percent transfer ( 174+176 912 finds 36.9% transfer. Similarly, the percent who start at a 2-year school and eventually get a BA ( 91+99 = 20.83%) 912 is very similar to his finding of 19% (see ? Table 2).
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Cognitive and non-cognitive traits as well as family income are highest amongst 4-year starters. Figure 2: Distribution of College Paths and Student Characteristics for High School Graduates in the NLSY79
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Note: Dashed circles represent terminal nodes that lead to a bachelor’s degree, bold circles represent terminal nodes that lead to “some college”, thin circles represent decision nodes. On the left side of the circle are the number of observations at that node in the NLSY79, and then the percent this number of observations represents out of the number in the previous node (the transition probability) and out of the number in the whole sample. Numbers on the right of the circle are means (standard deviations) for the individuals in the node of AFQT, self-efficacy, and motivation scores, as well as family income in 1979. AFQT, self-efficacy, and motivation are measured in standard deviation units. Family income is measured in 1000s. The node number at the top is used for later reference. The label at the bottom (only given in terminal nodes) indicates the name of the final path through college.



3.2



Lifecycle Earnings Profiles



Figure 3 plots respondents earnings from ages 18-45 by gender and path through college. Earnings are net of tuition and taxes paid. I determine respondents’ federal and state tax liabilities based 8



on earnings, state of residence, and marital status using the Taxsim software hosted by the NBER (Freedberg and Coutts (1993)).9 Tuition is imputed to each individual while they are enrolled in college using average public 2- and 4-year tuitions in the state they lived in the year(s) they were in college.10 I assume that all tuition is paid upfront upon college enrollment, thus tuition will only be nonzero when an individual is enrolled in college. For males, for the 3 paths that lead to a BA, there appears to be a clear ranking in earnings after age 35 - those that started at a 4-year college earn the most, followed by those that earned an AA before transferred, followed by those that transfer without an AA. For females, the pattern differs slightly: earnings are similar for 4-year starters and those that earned an AA before transferring.



9 10



http://www.nber.org/taxsim/ Tuition for part-time enrollment is imputed as full-time tuition divided by two.
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Figure 3: Net Earnings over the Lifecycle
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Note: Earnings are net of tuition and taxes. Abbreviations for college paths are defined in Figure 5. The top panel plots lifecycle earnings profiles for the 3 paths that lead to a BA; the bottom panel for the 5 paths that lead to “some college”.



10



4



Earnings Premia for Post-secondary Paths and Decisions over the Life-cycle



What are the earnings premia associated with these paths and sequential decisions? I estimate net earnings premia for schooling level S1 versus S2 as:



δt = E[w(S1 , t) − w(S2 , t)|X]



(1)



where X are covariates and w(s, t) is total yearly earnings net of tuition paid and tax liability. That is w(s, t) = wt − tuits,t − λt (wt ), where λt is the tax liability function determined by tax laws in that year.11 I determine respondents’ federal and state tax liabilities based on earnings, state of residence, and marital status using the Taxsim software hosted by the NBER (Freedberg and Coutts (1993)).12 Tuition is imputed to each individual while they are enrolled in college using average public 2- and 4-year tuitions in the state they lived in the year(s) they were in college.13 I assume that all tuition is paid upfront upon college enrollment, thus tuition will only be nonzero when an individual is enrolled in college. Covariates, X, include cognitive ability, self-efficacy, motivation, family background characteristics. For summary statistics for these covariates in my sample, see Appendix Table B.1.



4.1



Estimation and Identification



For each schooling pair S1 and S2 , δt is estimated from an ordinary least squares (OLS) regression: 11



For details on measurement and family background characteristics see Appendix Section B. http://www.nber.org/taxsim/ 13 Tuition for part-time enrollment is imputed as full-time tuition divided by two. 12
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Yt = δt S1 + βt X + t



t = 1, ....., Ts



(2)



estimated separately for men and women. Where X are time-invariant, pre-market covariates as defined previously, S1 is a dummy variable for being in schooling level S1 (as opposed to S2 ), and t is a mean-zero error term. Given the conditioning on X, δt is the remaining “unexplained” difference in earnings between those in schooling level S1 versus S2 . The identification of δt as a causal effect of schooling level on earnings thus relies on a selection on observables or matching argument Heckman and Robb (1985). For the static analysis, t = 0 is the year the respondents start college. For each path individuals are compared to high school graduates who were the average age individuals in that path were that many years since start college. For example, a 2-year dropout on average starts at age 21, so t = 0 they are compared with 21 year old high school graduates. The sequential analysis is timed similarly, with 0 being the average age respondents made the decision being studied. For example, when comparing 2-year starters who earn associate’s degrees to those who do not, year 0 will be the average age students entered 2-year college. Ts = 30 − (AverageDelay − 18) to take into account the fact that delaying college means truncating the amount of time you can reap the wage benefits of college (assuming all individuals retire at the same age)



4.2



Earnings Premia for Static and Sequential Models



Figures 4 and 5 plot these earnings premia over time by decision node, for the sequential model, and by final path, for the static model, separately by gender. We can see that the wage premia are not constant over time for paths and sequential decisions are not consent over time. One can also
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see the differential costs to different paths - some paths suffer almost no wage penalty in the early years while enrolled in school, whereas others see large costs in terms of tuition and lost earnings.
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Figure 4: Earnings Differences for College Paths as Compared to High School Graduates (a) Male
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Figure 5: Earnings Differences for Nodes (a) Male
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5



Returns to College Paths and Decisions



Returns to college are often estimated from Mincer regressions of log earnings on schooling and years of post-schooling experience (Mincer (1974), see the review of this literature by Card (1999)):



lnY = βS + α1 exp + α2 exp2 + 



(3)



Where S is schooling and exp is potential experience (age-S-6). Pooling all individuals who graduated from high school across years in the NLSY79 sample I first estimate this Mincer regression using various definitions for S. These definitions are: years of schooling, degree earned, and degree earned interacted with whether the individual started at a 2-year college or a 4-year college. I estimate the coefficients with and without controlling for time-invariant background covariates. The estimates are found in Table 1. With covariate controls, I find a “rate of return” to additional years of school of 8.6% for men and 8.2% for women. These estimates are of a similar order of magnitude of those found in the review by Card (1999) (Table 4, “OLS”). The coefficient on schooling from this regression is the internal rate of return if there are no costs to schooling and students do not work while in school (Card (1999)), and a variety of other assumptions are met (Heckman et al. (2006)). Private benefits come from post-tax wages, and thus progressive taxation systems such as we have in the United States will also affect returns. Costs and working during school are, however, clearly important and differ by the types of choices that students make. The private cost of a path incurred by the student comes from two sources: direct (tuition) costs and opportunity costs. Direct costs are affected by time spent enrolled in school, time spent enrolled part-time, and the type of institution attended. Tuitions
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Table 1: Mincer Coefficients for Different Definitions of Schooling (a) Male (1) Years Educ
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0.366∗∗∗ (0.0104)



Some Coll x First 2



0.0301∗ (0.0125)



0.0499∗∗∗ (0.0127)



BA x First 2



-0.101∗∗∗ (0.0150)



-0.0908∗∗∗ (0.0150)



Covariates Incl



No



No



No



Yes



Yes



Yes



(5)



(6)



(b) Female (1) Years Educ



(2)



(3)



∗∗∗



(4) ∗∗∗



0.127 (0.00209)



0.0834 (0.00252)



Some Coll.



0.123∗∗∗ (0.00832)



0.167∗∗∗ (0.0115)



0.0576∗∗∗ (0.00868)



0.0877∗∗∗ (0.0120)



AA Deg



0.229∗∗∗ (0.0103)



0.229∗∗∗ (0.0103)



0.140∗∗∗ (0.0109)



0.142∗∗∗ (0.0109)



BA Deg



0.508∗∗∗ (0.00853)



0.522∗∗∗ (0.00934)



0.326∗∗∗ (0.0103)



0.331∗∗∗ (0.0113)



Some Coll x First 2



-0.0715∗∗∗ (0.0129)



-0.0471∗∗∗ (0.0130)



BA x First 2



-0.0533∗∗∗ (0.0148)



-0.00679 (0.0148)



Covariates Incl



No



No



No



Yes



Yes



Yes



Note: Each column is a different regression. All observations of individuals over age 18 are pooled as if they were a cross-section. Earnings are regressed on years of school, experience and its square, and the time-invariant X covariates including cognitive and non-cognitive abilities and family background characteristics. Years of experience is measured as potential experience, age - years of education - 6, as it would need to be in a cross-sectional analysis.
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are, on average, significantly lower for community colleges than for 4-year colleges.14 Opportunity costs of enrollment come from both lost wages and the lost ability to accumulate work experience which is also valued in the job market. Additionally, time spent in school as well as delay before starting school will effect the time horizon over which the individual can accrue the benefits of schooling. Table 2 examines the differential costs by path by showing average semesters enrolled, total tuition paid, time spent part-time, and work experience gained before and during school. Paths involving community college tend to incur less overall in tuition, 2-year dropouts pay less than $2,000 in tuition whereas 4-year dropouts pay $9,000-$10,000. Associate’s degree earners pay about $5,000 total in tuition where as bachelor’s earners pay more than $20,000 even with public tuitions. 2-year starters tend to gain more experience during school and spend more time part-time, lowering the opportunity costs of those paths. Conditional on a bachelor’s degree, 2-year starters pay less total tuition but spend more time in school, thus delaying full entrance into the labor market.



5.1



Calculating Rates of Returns and Present Values



To get a fuller picture of the returns to college paths and choices that incorporates the evolution of wage prima over time and differential costs I compute internal rates of returns and present values. The internal rate of return (IRR) is the discount rate that equates earnings streams for two schooling levels. In particular, consider two schooling levels s1 and s2 . The IRR for s2 as compared to s1 is the root of the following equation:



IRR satisfies:



T X E[w(s1 , t) − w(s2 , t)|X]



(1 + IRR)t



t=0 14



See Appendix Table C.1.
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=0



(4)



Table 2: Means of Components of Direct and Opportunity Costs by Path (a) Male College



Semesters in College Perc. Semesters PT Years Exp Per Yr Enr Age Start Coll. Delay Start Coll. Total Tuition Est Avg Tuition Per Year



Some College



4BA



2AATBA



2DTBA



4D



2AATD



2AA



2DTD



2D



9.73 0.12 0.15 18.57 0.10 22466.01 4854.18



11.03 0.15 0.22 18.86 0.14 20133.72 3703.45



10.68 0.17 0.20 18.81 0.19 17818.41 3863.47



4.24 0.40 0.38 20.80 0.35 8922.35 4705.85



8.19 0.44 0.47 19.39 0.27 12360.72 2858.38



5.46 0.24 0.26 21.03 0.35 4845.08 1704.13



4.14 0.51 0.66 21.11 0.49 6810.14 4105.67



2.17 0.50 0.60 21.28 0.47 1608.59 1618.69



(b) Female College



Semesters in College Perc. Semesters PT Years Exp Per Yr Enr Age Start Coll. Delay Start Coll. Total Tuition Est Avg Tuition Per Year



Some College



4BA



2AATBA



2DTBA



4D



2AATD



2AA



2DTD



2D



9.48 0.11 0.13 18.31 0.11 22253.83 4785.86



10.16 0.26 0.29 19.67 0.29 18454.72 3879.87



10.05 0.20 0.23 19.82 0.24 18596.01 4013.72



4.68 0.37 0.36 20.46 0.35 10180.63 4642.97



9.34 0.39 0.55 21.37 0.42 11125.20 2308.48



6.72 0.33 0.32 22.19 0.44 4660.81 1463.34



5.21 0.55 1.05 20.80 0.40 8241.64 3517.79



2.55 0.58 0.29 22.36 0.55 1832.00 1473.54



Note: Each column represents a path through college. Each letter or number is a decision. 2 or 4 is the start school type, AA indicates earned AA, BA earned BA, T is transfer from 2-year to 4-year, D is leave w/out degree. See Figure 5 which also has path titles. Perc. Semesters PT is percent semesters enrolled part-time, for the most part students either enrolled entirely part-time or entirely full-time so this represents the percent of individuals who attended school part-time.
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where, again, w(s, t) are wages net of direct costs. The present value, on the other hand, assumes an interest rate and discounts the stream of earnings differences back to some initial time period t = 0. For example, with an assumed interest rate of 7% the PV of the earnings difference is:



PV =



T X E[w(s1 , t) − w(s2 , t)|X] t=0



(1 + 0.07)t



(5)



For the present value analysis in this paper I use two different real interest rates: (1) 7%, the rate recommended by the Office of Management and Budget (OMB) and (2) 3%, the rate recommended by the U.S. Panel on Cost Effectiveness in Health and Medicine.15 Since we are comparing two earnings streams, opportunity costs are directly taken into account. The opportunity costs come from the fact that while individuals are enrolled in college they are (likely) earning less than high school graduates because they may not be working full-time or may be working different types of jobs. When we subtract the earnings of high school graduates from those of college students, the premium are negative in the early years while enrolled in college, representing the opportunity cost of attendance if we assume that high these high school graduates serve as a counterfactual for the college attendees. The fact that college attendees accumulate less work experience while enrolled is an additional cost of attendance. The wage premia analysis does not control for years of experience in order to account for this cost (years of experience is not a component of X). If we did control for years of experience, than we would be comparing the wages of a college goer and a high school graduate at the same level of experience, ignoring the cost to 15



7% is the real social discount rate suggested by the OMB for government investments; see Gruber (2007), Chapter 8. In addition to being recommended by the U.S. Panel on Cost Effectiveness in Health and Medicine, 3% is also closer to the rate used by the General Accounting Office (2%) and the Congressional Budget Office (between 1.6 and 4.3%); see Moore et al. (2004)
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the college goer of lost accumulated work experience. I then take account of the fact that delaying or spending more time in college means truncating the amount of time you can reap the wage benefits of college (assuming all individuals retire at the same age). These calculations are run starting at 0 years since start college to 30-(Average Delay-18) years since start college. Hence, a 4-year starter who gets a bachelor’s degree usually starts at age 18, so I look at their wage for 30 years. However, a 2-year dropout usually starts at age 21, so I only look at the accrual of benefits for 27 years to account for the costs of delay. I then use these conditional wage differences to calculate IRRs and NPVs of each path and decision as in Equations 4 and 5. Note without extrapolation this assumes that the benefits stop accruing 27-30 years after college, and thus will understate the rates of return (Heckman et al. (2010)).



5.2



Private Internal Rate of Return and Present Values Estimates



Table 3 show the IRRs and NPVs by final path for analysis of the static choice framework. Each path is compared to high school graduates with no postsecondary education. Most paths have positive NPV, though this depends on the chosen interest rate. Not surprisingly, the highest NPV accrues to bachelor’s degree earners. Interestingly, for men the different paths to a bachelor’s degree have different returns and present values. For women, on the other hand, all bachelor’s degree paths have similar present values, with returns for starting at a community college first higher due to their lower costs. Even those paths that lead to no degree earn positive present values and returns. Returns to community college degrees are high, due to their low costs of these investments. Table 4 shows IRR and NPVs for the sequential decision, that is at each node in Figure 5 I estimate the return to making one choice as opposed to another. These results include the returns to all possible decisions that can be made after reaching that node, i.e. they include both the
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direct bump in wages from making that decision and the option values. Given the option value that starting at a 4-year school gives you to receive a bachelor’s degree directly, one gets on average a larger return from starting at a 4-year school rather than a 2-year school. However, starting at a 2-year school still gives significant returns over no college at all. For the most part, students earn significant returns from continuing college - either transferring or finishing a degree. For men to start at a 2-year college and leave without a degree this not appear to be the case. However, when we get further into the tree we start getting relatively small sample sizes making effects harder to identify. Table 3: IRRs and PVs for Final College Paths- NLSY79 (a) Male Measure



Node 4: 4BA



Node 5: 4D



Node 10: 2AATBA



Node 11: 2AATD



Node 12: 2AA



Node 13: 2DTBA



Node 14: 2DTD



Node 15: 2D



8.5% (1.3)



11.3% (0.8)



30.7% (14.4)



22.2% (3.6)



6.3% (0.8)



10.3% (2.4)



37.1% (13.6)



IRR



10.6% (0.3)



NPV (3%)



$270,753 (13358)



$51,725 (8971)



$225,277 (20981)



$159,890 (13482)



$140,520 (10751)



$74,866 (14335)



$77,938 (14651)



$76,941 (7739)



NPV (7%)



$199,244 (15161)



$37,148 (7446)



$168,081 (19864)



$121,216 (13222)



$102,781 (10615)



$47,835 (13518)



$57,527 (14683)



$57,924 (7603)



(b) Female Measure



Node 4: 4BA



Node 5: 4D



Node 10: 2AATBA



Node 11: 2AATD



Node 12: 2AA



Node 13: 2DTBA



Node 14: 2DTD



Node 15: 2D



16.8% (1.9)



15.8% (1.5)



24.8% (7.2)



32% (8.6)



12.7% (1.4)



14.6% (16.3)



24.4% (6.3)



IRR



11.8% (0.6)



NPV (3%)



$132,007 (9449)



$72,862 (6837)



$167,837 (12376)



$121,014 (11061)



$37,312 (6781)



$124,979 (15354)



$30,081 (11115)



$37,832 (5214)



NPV (7%)



$92,918 (8861)



$54,038 (6385)



$123,136 (11296)



$91,577 (10082)



$25,581 (5285)



$89,484 (13519)



$16,666 (9263)



$27,502 (4009)



Note: Paths are final paths through college, each letter or number is a decision. 2 or 4 is the start school type, AA indicates earned AA, BA earned BA, T is transfer from 2-year to 4-year, D is leave w/out degree. See Figure 5 which also has path titles in the appropriate nodes. 7% is the OMB standard discount rate for the US government, 3% is closer to the discount rate used by several other agencies (see text), both are shown for comparison. Private rates of return net out average tuition paid as well as tax liabilities. Standard errors in parenthesis, calculated using 300 bootstrap replications.



Why are some of the IRRs so high even with respect to relatively low NPVs? It is because
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Table 4: IRRs and PVs for Decisions by Node - NLSY79 (a) Male Node 0: Start 4-Year vs No PSE



Node 0: Start 2-Year vs No PSE



Node 0: Start 4-Year vs Start 2-Year



Node 1: Earn BA vs. No BA



Node 2: Earn AA vs. No AA



Node 6: Transfer vs Don’t



Node 8: Earn BA vs. No BA



Node 7: Transfer vs. Don’t



Node 9: Earn BA vs No BA



8.7% (0.3)



12.7% (1.0)



8.7% (0.7)



11.6% (0.6)



6% (1.4)



14.9% (4.9)



9.5% (10.7)



-3.8% (7.8)



-59.3% (31.2)



NPV (3%)



$140,033 (8273)



$82,732 (5358)



$82,816 (8218)



$216,192 (13387)



$38,578 (10370)



$74,177 (18753)



$109,270 (82031)



$-32,658 (12058)



$-125,348 (19853)



NPV (7%)



$103,244 (9481)



$61,983 (5412)



$61,519 (7825)



$158,502 (12515)



$26,885 (8739)



$51,888 (15079)



$82,884 (59488)



$-29,357 (12171)



$-100,630 (18080)



Measure IRR



(b) Female Node 0: Start 4-Year vs No PSE



Node 0: Start 2-Year vs No PSE



Node 0: Start 4-Year vs Start 2-Year



Node 1: Earn BA vs. No BA



Node 2: Earn AA vs. No AA



Node 6: Transfer vs Don’t



Node 8: Earn BA vs. No BA



Node 7: Transfer vs. Don’t



Node 9: Earn BA vs No BA



9.8% (0.7)



10.3% (1.3)



7.2% (1.0)



10.1% (0.9)



9.5% (2.8)



38.8% (14.5)



13.4% (12.1)



0.9% (5.5)



6.4% (16.3)



NPV (3%)



$67,670 (6138)



$29,889 (4012)



$23,610 (5508)



$78,019 (9489)



$22,282 (6519)



$129,434 (12595)



$44,677 (14129)



$-2,591 (9819)



$23,302 (22865)



NPV (7%)



$47,297 (6047)



$21,221 (3462)



$14,650 (4873)



$51,847 (8490)



$16,328 (5253)



$92,093 (11228)



$31,254 (11931)



$-7,255 (8617)



$12,555 (18399)



Measure IRR



Note: Node numbers refer to Figure 5. The bottom decision is always the “reference” group, i.e. in column 1 you read the number as the IRR of choosing to start at a 4-year school rather than not go to college. 7% is the OMB standard discount rate for the US government, 3% is closer to the discount rate used by several other agencies (see text), both are shown for comparison. Private rates of return net out average tuition paid as well as tax liabilities Standard errors in parenthesis, calculated using 300 bootstrap replications.
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these estimates calculate the rate of return to the educational investment which compares the later accruing benefits to the direct and opportunity costs of that investment. Recall that costs for many paths involving community college are quite low. We can also see opportunity costs in Figures 4a and 4b, by looking at the difference in earnings in the early years while students are enrolled in school. Look, of example, in Figure 4a at the stream of earnings differences between 2-year dropouts (2D) and high school graduates with no college. Though they make just barely more than high school graduates over much of their life cycle, these small wage gains come at extremely low costs, which makes returns higher.



5.3



Public Rate of Return Estimates



The previous analysis considered the educational investment from the point of view of the individual and found returns be generally positive and significantly above available investment interest rates. But government subsidizes to higher education imply tuition costs do not cover the full costs of postsecondary education. From 1976 to 1994 tuition covered an average of 19% of expenditures per student at public 2-year colleges and 34% of expenditures at public 4-year college. Appendix Table C.2 shows the total expenditures per full time equivalent student at public 2- and 4-year colleges, as well as the average tuitions. In addition to being privately cheaper, 2-year colleges are also publicly cheaper, with expenditures roughly half of 4-year college.16 Are the rates of return of this investment to the tax payer similarly high? Using data from Appendix Table C.2, I impute expenditures per student to students enrolled in school, based on the type of school they were enrolled in as well as whether they were enrolled part-time or full-time.17 I then use the same IRR calculation from before but subtract expenditures 16 17



See Appendix Table C.2 I assume a part-time student costs 3/4 a full time student due to relatively large fixed operating costs of colleges,
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per student rather than tuition so that the public costs take into account both opportunity costs from lost wages and total expenditures. I also use full pre-tax wages as a measure of public benefits. Table 5 shows these calculations for final college paths. We see positive, significant public returns for all paths, often higher for community college due to lower costs. Table 5: Public IRRs for Final College Paths- NLSY79 Gender



Measure



Male



IRR-Public



Female



IRR-Public



Node 4: 4BA



Node 5: 4D



Node 10: 2AATBA



Node 11: 2AATD



Node 12: 2AA



Node 13: 2DTBA



Node 14: 2DTD



Node 15: 2D



10.9% (0.53) 11.5% (0.77)



9.1% (1.9) 15.2% (2.7)



11.0% (1.1) 14.7% (1.8)



25.3% (6.6) 19.9% (3.4)



19.3% (3.7) 23.9% (7.3)



6.4% (1.1) 11.8% (1.8)



8.2% (2.8) 12.6% (12.8)



29.8% (14.6) 19.7% (3.9)



Note: Paths are final paths through college, each letter or number is a decision. 2 or 4 is the start school type, AA indicates earned AA, BA earned BA, T is transfer from 2-year to 4-year, D is leave w/out degree. See Figure 5 which also has path titles in the appropriate nodes. Public rates of return net out average expenditures per student and are calculated on pre-tax earnings. Standard errors in parenthesis, calculated using 300 bootstrap replications.



This analysis assumes the benefits of education are fully reflected in earnings. To the extent that there are social externalities of education this rate would understate the true public rate of return. Public returns could also include decreases in crime, increases in health, etc.. see for example Heckman et al. (2011) and Heckman et al. (2010). Moretti (2004) estimates that a 1% increase in the supply of college graduates in an area raises high school graduate’s wages by 1.6%, implying that there exists social externalities not taken into account in the above analysis. Education is also known to lower crime rates which have further social benefits. Thus these estimates should be seen as a lower bound on social rates of return.



5.4



Selection



Self-selection is a ubiquitous problem in the estimation of returns to education. The previous analysis relied on the extensive set of control variables available in the NLSY79 including both marginal costs such as instruction make up about 50% of expenditures.
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cognitive and non-cognitive traits. However, there may still be additional unobserved characteristics that affect both the schooling decision and earnings causing bias in our results. One question we could ask is: if we could perfectly measure all relevant variables and put them into our estimation, how much would our estimates have to change to make the estimates economically or statistically insignificant (Frank (2000)). In this specific case, I will ask: if we could measure all relevant variables and include them in our estimation, by how much would our wage premia estimates have to fall on average in order for the rate of return to fall below 3%.18 Let’s assume that some proportion α of the post-schooling wage gap would be reduced if we could model and accord for all self-selection and that that proportion is constant over the life-cycle. Then we would want to calculate the IRR based on the (1 − α) remaining part of the gap. Then our new IRR equation would solve:



T X 1(δt ≤ 0)δt + (1 − α)1(δt > 0)δt IRR satisfies: =0 (1 + IRR)t



(6)



t=1



where



1 is the indicator function.



Thus given a threshold level IRR, 3% in this case, we can calculate 1(δt ≤0)δt t=1 (1+.03)t PT 1(δt >0)δt t=1 (1+.03)t



PT α=1−



(7)



Here α represents the threshold reduction in the wage gap if we accord for all self-selection needed needed in order for the private internal return to school to be below some threshold 3%. Given that the omitted variables may be different for each path, or have different magnitudes of 18



3% is chosen as it is closest to the historic return on T-bills in this period, as well as being similar to many discount rates used by various government agencies, see previous Footnote (15).
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correlation between schooling and wages by education level, we would want to calculate a separate α for each schooling path. Table 6 shows the calculated values of α for IRR = 3% for the final paths by male and female. These vales are greater than 50%, implying that accounting for all self-selection would need to decrease the wage premia by more than 50% in order for returns to various college paths to fall below 3%. Most of the estimates even higher. Table 6: Percent Reduction in Wage Gap Necessary to Make Rate of Return Estimates Fall Below 3% Measure



Node 4: 4BA



Male Female



81.1% 77.1%



Node 5: 4D



Node 10: 2AATBA



Node 11: 2AATD



Node 12: 2AA



Node 13: 2DTBA



Node 14: 2DTD



Node 15: 2D



72.5% 87.7%



82.4% 87.0%



92.5% 94.3%



93.1% 88.5%



57.5% 80.1%



72.7% 67.7%



93.6% 91.2%



Note: α represents the threshold reduction in the wage gap if we accord for all self-selection needed needed in order for the private internal return to each path to fall below 3%. Paths are final paths through college, each letter or number is a decision. 2 or 4 is the start school type, AA indicates earned AA, BA earned BA, T is transfer from 2-year to 4-year, D is leave w/out degree. See Figure 5 which also has path titles in the appropriate nodes. See text for details of calculation.
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Conclusion



Community colleges are an important part of the postsecondary landscape in the United States, representing a large share of both total enrollment and the total number of public postsecondary institutions. Their existence creates a great deal of heterogeneity in the college experience. In this paper I estimate the returns to college recognizing the heterogeneity in the experience by explicitly taking into account different paths students can take through college, many of which involve community college. This analysis contributes to the literature on returns to college by disaggregating these returns into the various paths. It also extends the literature on the labor market benefits of community college by looking at returns to the educational investment, not just wage premia at a point in time. To do so, I compare the direct and opportunity costs of each path
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with the later labor market benefits. This analysis takes into account time spent in college, time spent working before and during enrollment in college, and part-time enrollment, as well as the evolution of wage premia over time. I find positive, significant social and private returns for most paths through college and for each sequential decision. This is true even for paths that lead to no degree. The costs of the investment are an important consideration. Both social and private direct costs of community colleges are significantly lower than those of 4-year colleges. Community colleges also offer flexible class scheduling meant to help individuals who wish to work while enrolled, making the opportunity costs low as well. These low costs for paths that involve community college make the internal returns to these paths high. I also show that paths that lead to the same final degree outcome have different present values and returns. This implies that traditional analysis that aggregates that paths together is missing significant heterogeneity in returns.
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Appendix A



Enrollments and Number of Public Colleges in the United States



Public 2-year colleges make up a majority of publicly funded postsecondary institutions in the United States, as well as a majority of postsecondary enrollments. Figure A.1a plots the number of public 2- and 4- year colleges in the United States from 1950-1986.19 We see the remarkable growth in public 2-year colleges that came in the 1960s, a decade that started with 328 public 2-year colleges and ended with 634, surpassing the number of public 4-year colleges in the meantime. This gap has remained large and steady through today (Digest of Education Statistics 2010, Table 275). Figure A.1b shows first-time first-year enrollments in 4 types of colleges from 1967 to 2010. We see that since the 1970s a majority of students have been enrolled in public 2-year colleges, although 19



The Digest of Education Statistics reports the number of postsecondary institutions excluding branch campuses from 1950-1986 and including branch campuses from 1975-2010. In order to illustrate the remarkable growth in the 1960s I chose to report the data excluding branch campuses. Differences in the number of 2- and 4-year public institutions have remained large, with only slight fluctuations, since the 1980s
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these enrollment levels began to decrease in the 1980s, leveled off in the 1990s, and rose again at the end of the past decade, during the recent recession.
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Figure A.1: Public 2-Year College: Institutions and Enrollments
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Note: Data on number of institutions from Digest of Education Statistics, 1993, Table 233. Data on enrollments from Digest of Education Statistics 2010 Table 206.
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B



Data Samples and Variable Definitions



B.1



NLSY79



There are 6,111 individuals in the NLSY79 cross-section sample. My sample consists of white males and females from the cross-sectional sample who graduated from high school and did not earn a GED or an advanced degree - this leaves a sample of 3.508. I then further restrict the sample to those who are not missing control variables, and for whom enough information about college paths is available, among those who attended college. This leaves a final sample of 3,161 out of 6,111 in the cross-sectional sample - of whom 2011 (63.6%) ever attended a postsecondary institution before 2000. There are 24 total possible interviews that an individual could complete over the time period between 1979 and 2010 (the last available survey year). As of 2010, 64% of my sample had no missing interviews, and 82% had at most 4 missing interviews.



Outcomes and Controls The main outcome of interest is total earnings measured over the lifecycle. Earnings are measured by the question asking about income from wages, salary, commissions, and tips from all jobs in the current calendar year and converted to 2005 dollars. Even if an individual answered all surveys, starting in 1994 we would be missing information for every other year. For these missing years I interpolate wages as the average of the two neighboring years (e.g., 1995 earnings are imputed as the average of 1994 and 1996 earnings). Earnings for missing interviews are similarly interpolated. If an individual did not answer the total earnings question but did answer the hourly wage and hours worked questions, then total earnings are imputed by multiplying the two. Years of experience is calculated as total cumulative hours worked divided by 2000. For the
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odd years after 1994, hours worked that year is interpolated similarly as earnings as the average of the available neighboring years. Work experience before age 18 is not counted in total years of experience. Control variables are time-invariant early measures. They are: mother’s years of education, number of siblings in 1979, gender, intact family at age 14, urban residence at age 14, cognitive ability as measured by AFQT scores20 , self-efficacy as measured by the Rosenberg Self-Esteem and Rotter Locus of Control scales21 , and motivation as measured by the coding speed score from the ASVAB test22 . Where appropriate, and indicated, controls for cohort, age, or year are included. More details about measurement for some of these variables follows below. Table B.1 presents means and standard deviations for the analysis sample of 3,161 individuals. The ASVAB was administered to NLS79 in 1980. The AFQT score is taken from 4 scores on the ASVAB test: arithmetic reasoning, work knowledge, paragraph comprehension, and one-half o the score on numerical operations. I adjust AFQT scores of level of schooling at time of the test and final schooling level (Hansen et al. (2004)). I use Rosenberg Self-Esteem Scale that was administered in 1980. It is a 10-item scale which measures self-approval through a series of “strongly agree, agree, disagree, or strongly disagree” question. The Rotter Locus of Control was administered in 1979 is a 4-item scale measuring the extent to which individuals believe they have control over their lives. To measure self-efficacy the first factor of the 14 questions is taken via factor analysis, then adjusted similarly to the AFQT for 20



AFQT scores from from the ASVAB test, which was administered to respondent’s in 1980 and is a battery of 10 tests. The AFQT score is calculated from the scores on arithmetic reasoning, work knowledge, paragraph comprehension and one half of the score on numerical operations. I adjust AFQT scores for level of schooling at time of test and final level of schooling. 21 The first factor is taken via factor analysis, then adjusted similarly to the AFQT for schooling at the time of the test. The Rosenberg Scale was administered to respondents in 1979 and the Rotter Scale in 1980. For more on the AFQT, Rotter, and Rosenberg scales see the online data appendix 22 Adjusted similarly for schooling at time of test. Recent research by Segal (2012) shows intrinsic motivation is an important part of coding speed scores
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schooling at the time of the test. Motivation is measured by the coding speed score on the ASVAB test, similarly adjusted for schooling. Recent research by Segal (2012) shows intrinsic motivation is an important part of coding speed scores Some of the analysis will use family income in 1979 as a proxy for family income in adolescence. This poses a problem for individuals who were over 18 in 1978 (the question asks about family income in the previous calendar year). For everyone in the sample who is 19 or below in 1979 (2297 individuals, or 72.7% of the sample) the measure of family income provided is used. For everyone over 19 in 1979, this value is imputed from a censoring corrected regression of family income in 1979 on all control variables in the Cross Sectional sample for everyone below 19 and uses the predicted value.23



Determining Educational Choices and Outcomes



Educational choices and outcomes are



comprised of both degrees earned and enrollment dates and types. For degrees earned, every year the participants were asked about highest degree every earned and the date earned. As this data is longitudinal we will be able to see all degrees earned, even if highest degree ever as of 2010 is a Bachelor’s degree, if the individual earned an Associate’s that will be the highest degree earned in the year it is earned. In addition in 1979 and 1980 individuals were asked about all degrees earned (limit 4 in 1979, 2 in 1980) and their dates, so even for those who may have finished their postsecondary education by 1979 we can still see degree types earned. Enrollment data comes from a series of question asked starting in 1984, and asked again in 1985, 1986, 1988, 1989, 1990, 1992, 1993, 1994, 1996, 1998, 2000, 2002, 2004, 2006, and 2008. These 23



Family income is censored at $75,001 dollars, this top-code affects 31 members of the sample
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Table B.1: Summary Statistics for Control Variables: NLSY79



AFQT Score Motivation Self-Efficacy Mothers HGC Fathers HGC Num Sibs Urban (14) Intact Family Family Inc (1979) Born 1957 Born 1958 Born 1959 Born 1960 Born 1961 Born 1962 Born 1963 Born 1964



mean



sd



0.19 0.13 0.02 12.05 12.32 2.98 0.74 0.83 23362.89 0.11 0.11 0.12 0.13 0.14 0.15 0.12 0.12



0.79 0.88 0.99 2.26 3.14 1.88 0.44 0.38 10917.95 0.31 0.31 0.32 0.34 0.34 0.36 0.33 0.32



Note: N=3,161 in all rows. AFQT, motivation, and self-efficacy are standardized in the entire cross-sectional sample to have mean 0 and standard deviation 1. HGC stands for “highest grade completed”. Urban (14) means lived in an urban area at age 14. Intact family means parents were married when the child was age 14. Urban (14), Intact, and the cohort variables are dummy variables, so their means represent the proportion of the sample that have that characteristic.
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questions ask for details on the most recent, second most recent, and third most recent colleges attended, this will cover enrollment pre-1979 for those that started before 1979. These questions include enrollment start date, enrollment end date (if enrollment has been completed), university type (2- or 4-year), and whether the enrollment was full- or part-time. Where necessary I also use data from the May enrollment questions. For exact details on how histories were constructed and how any missing data was dealt with please see the online data appendix (https://sites. google.com/site/amandayagan/JMPDataAppendix).



B.2



Census and CPS



In the 1990 Census earnings are measured by wage and salary income in 1990, so they are in 1990 dollars. In the CPS Earnings are measured by wage and salary income in the year of the survey, deflated to 2010 dollars using the CPI-U. For both surveys I construct potential experience as age − years of education − 6. Years of education is only given by categories after high school (some college, associate’s degree (distinguishing between occupational and academic types), bachelor’s, master’s, Ph.D.). I impute 13 years of schooling for those with some college but no degree, 14 for associate’s degrees, 16 for bachelor’s degrees, 17 for professional degrees, and 18 for masters and Ph.Ds.



C



Tuition and Expenditures at Public Colleges in the United States
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Table C.1: Tuition at Public 2- and 4- Year Colleges Year Public 4-Year Public 2-Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999



$4,181 $4,161 $4,185 $4,070 $3,979 $4,097 $4,329 $4,596 $4,825 $5,053 $5,421 $5,503 $5,732 $5,985 $5,990 $6,288 $6,615 $6,919 $7,104 $7,415 $7,615 $7,728 $8,010 $8,247



$1,188 $1,218 $1,231 $1,213 $1,247 $1,268 $1,366 $1,431 $1,543 $1,612 $1,598 $1,391 $1,616 $1,540 $1,624 $1,705 $1,776 $1,891 $1,961 $1,950 $1,921 $2,063 $2,061 $1,992



Note: Data from 2000 Digest of Education Statistics Tables 313. All values in 2005 dollars.
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Table C.2: Expenditures and Tuition at Public 2- and 4- Year Colleges Public 2-Year Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Avg Tuit/Exp



Public 4-Year



Expenditures



Tuition



Expenditures



Tuition



$5,765 $5,795 $5,993 $5,892 $5,647 $5,641 $5,337 $5,412 $5,932 $6,107 $6,206 $6,123 $6,192 $6,024 $6,091 $5,816 $5,903 $6,202 $6,346



$908.65 $945.14 $961.16 $965.33 $988.25 $990.77 $1,045.94 $1,091.70 $1,178.15 $1,231.20 $1,196.84 $1,063.90 $1,237.64 $1,180.46 $1,247.95 $1,288.66 $1,350.48 $1,434.01 $1,487.62 19%



$10,696 $10,787 $11,133 $11,257 $11,144 $11,088 $10,820 $10,933 $11,542 $11,921 $11,917 $12,159 $11,972 $12,080 $11,746 $11,901 $12,339 $12,483 $12,925



$3,203.94 $3,227.57 $3,267.25 $3,238.54 $3,154.49 $3,205.03 $3,316.82 $3,503.36 $3,683.63 $3,858.52 $4,058.02 $4,208.30 $4,387.52 $4,587.84 $4,600.51 $4,778.32 $5,030.66 $5,248.28 $5,390.87 34%



Note: Data from 1997 Digest of Education Statistics Tables 312, 342, and 343. All values in 1994 dollars.
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