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School quality and labor market earnings: some new results 
on an old debate
Gumilang Aryo Sahadewo

Department of Economics, Faculty of Economics and Business, Universitas Gadjah Mada, Yogyakarta, 
Indonesia

ABSTRACT
This study addresses an open debate in the literature about the 
direct effects of measures of school quality on workers’ earnings in 
the labor market. Card and Kureges (1996) argue that the young 
sample that Betts (1995) uses understates the effects of the mea-
sures of school quality on earnings. The main objective of this study 
is to investigate the effects of the measures of school quality on 
earnings at older age, using a recent version of the 1979 National 
Longitudinal Survey of Youth. The replication of Betts’ analysis 
show that the measures of school quality did not affect earnings 
when workers were young. However, the estimation shows that the 
percentage of teachers with a graduate degree significantly affects 
workers’ prime-age earnings. The findings support Card and 
Krueger’s claim that the measures of school quality affected work-
ers’ earnings at older age. More importantly, the results reconcile 
different findings from two strands of studies in the literature using 
state-level and individual-level data.
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1. Introduction

There is an open debate about the effects of measures of school quality on labor market 
earnings. Betts (1995) investigates the direct effects of measures of public high-school 
quality – teacher-student ratio, relative teacher salaries, and the percentage of teachers 
with a master’s degree – on individuals’ earnings between 1979 and 1990 using the 1979 
National Longitudinal Survey of Youth (NLSY79) data. He finds no direct effects of the 
measures of school quality on individuals’ earnings.

Card and Krueger (1996) argue that Betts’ sample is relatively young as the average age 
of individuals in the sample is only 23.8 years old. They claim that the effects of the 
measures of school quality on earnings are understated among young individuals. Their 
claims are based on two central arguments. First, earnings observations of young 
individuals may not convey complete information about individuals’ earnings potential 
in the labor market. Many young individuals were not in the labor market because they 
attended school. Even if they were in the labor market, many worked part-time.
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As shown in Figure 1, there was a considerable share of young individuals in the 1979– 
1990 sample who attended school. In addition, about 96 percent of individuals who 
attended schools worked part-time jobs. I also show that there was also a considerable 
share of young individuals – more than 40 percent – who worked part-time in Betts’ 
sample. Though not shown in the data, most of the young individuals were also at an 
early stage of their careers. In this stage, young individuals might have spent quite an 
amount of time for job training (Lynch, 1992) or might have had a higher tendency to 
change jobs (Topel & Ward, 1988).

Second, OLS estimates of the effects of the measures of school quality are biased 
downward due to a selection issue. Individuals who attended schools with lower mea-
sures of quality are less likely to enroll in a college and are more likely to participate in the 
labor market. On the other hand, individuals who attended schools with higher measures 
of quality are more likely to enroll in a college, work part-time jobs, and earn relatively 
lower earnings. I analyze the 1979–1990 NLSY79 sample and find suggestive evidence 
that indeed the measures of school quality are positively correlated with workers’ 
decisions to attend school (see online appendix A).

This study addresses Card and Krueger’s claim by analyzing the effects of measures of 
school quality on earnings using more recent data from the NLSY79. The data provide 
extended earnings observations, which convey better information about the potential of 
individuals in the labor market. More importantly, the data allow us to analyze the effects 

Figure 1. Schooling and employment pattern, 1979–1994. Source: Author’s calculation using the 
NLSY79
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of measures of school quality on earnings at older age and reduce the issue of selection 
into schooling considerably.

I compiled unbalanced panel data using a public version of the NLSY79 data, includ-
ing earnings observations from 1979 to 2010, and the Geocode version of the NLSY79 
data. For comparability with Betts’ sample, I proceed in three steps. First, I replicate Betts’ 
sample restriction procedure to approximate his 1979–1990 sample as closely as possible. 
Second, I use the recent NLSY79 to obtain post-1990 data on earnings, the number of 
weeks worked, and other individuals’ characteristics. Third, I conducted regression 
analysis using Betts’ main specification to investigate the effects of measures of school 
quality on earnings at older age.

Even after closely following Betts’ sample restriction procedure, my sample has more 
individuals than Betts’ sample. Retrospective revisions of the NLSY79 data post-1990 
explain this difference. Nevertheless, I replicate Betts’ findings that the measures of 
school quality do not affect individuals’ earnings in the analysis of the 1979–1990 sample. 
However, I find that the percentage of teachers with a master’s degree positively affected 
individuals’ earnings at 40 or older. The effects of the percentage of teachers with 
a master’s degree on individuals’ earnings increase over individuals’ life cycles. Finally, 
I find that the effect of the percentage of teachers with a master’s degree is concentrated 
among high school graduates. These results are not sensitive to additional essential 
covariates such as parents’ education, family wealth, and individuals’ age adjusted 
AFQT scores. These findings are significant as they suggest that selection into better 
quality schools is not an issue. Overall, the conclusions of this paper support the claim 
that measures of school quality affect earnings at older age.

The findings in this study reconcile two strands of studies in the literature that fail to 
reach a consensus regarding the effects of school quality on earnings. In one strand, 
researchers use measures of school quality observed at the state or aggregate level, such as 
per-student expenditure, teacher-student ratio, and state average teacher salary (Card & 
Krueger, 1992a, 1992b, 1994, 1996; Nechyba, 1990; Rizzuto & Wachtel, 1980; Wachtel,  
1976). The use of aggregate-level measures aims to average out endogenous measures of 
school quality and errors. These studies find significant effects of measures of school 
quality on earnings with elasticities ranging from 0.08 to 0.16.

The other strand of the literature investigates the effects on individual earnings of 
school-level measures of school quality (Betts, 1995, 2001; Strayer, 2002a; Grogger,  
1996; Tobias & Li, 2003). It is argued that an analysis using school-level measures is 
superior as it eliminates aggregation bias in studies using state or aggregate-level 
measures of school quality (Betts, 1995). These studies find no effect of school 
quality on earnings, even in a study using predicted earnings of individuals when 
they were 40–55 years old (Betts, 1996).

This study is also related to a recent US study that estimates the effects of measures of 
school quality, more specifically classroom quality, on earnings (Chetty et al., 2011). They 
found no significant impact of smaller class sizes on earnings, but their estimates suggest 
that students who were taught by more experienced teachers earned higher than students 
who were taught by less experienced teachers. This study is also related to studies 
investigating the effects of school quality on earnings in developing countries (Bedi & 
Edwards, 2002) and among immigrants (Bratsberg & Terrell, 2002). These studies find 
significant effects of measures of school quality on individuals’ earnings.

JOURNAL OF APPLIED ECONOMICS 3



The rest of the paper is organized as follows. Section 2 discusses the NLSY79 dataset 
used in the regression analyses. I also discuss a replication of Betts (1995) sample 
selection procedures, and I compare descriptive statistics of my sample to those in 
Betts (1995). Section 3 discusses the regression specifications and the estimation results. 
Finally, I state my conclusion in the last section.

2. Data

2.1. Sample selection procedures

I obtain the data for analyses from the public version of the National Longitudinal Survey 
of Youth (NLSY79) and the Geocode version of the NLSY79. The data provide 
a representative sample of 12,686 young individuals, and the data record individuals’ 
information from 1979 to 2010. Annual interviews were conducted for these individuals 
through 1994, and biennial interviews were conducted in subsequent periods until 2010. 
The data provide labor market behaviors and outcomes, education history, family back-
ground, and government participation programs. Using the Geocode version of the 
NLYS79, I obtained individuals’ states of residence from 1979 to 2010 and states of 
schools individuals attended. I use these variables to calculate the relative salaries of 
teachers with a B.A. degree and in the regression specification to control for state-specific 
shocks. More importantly, the states of residence variables allow me to replicate Betts’ 
estimation. In the Appendix, I list the key variables used in the model specifications in 
Table A1.

Using the NLSY79, I obtained the measures of school quality from a survey of high 
schools attended by NLSY respondents conducted in 1979. The survey reported many 
school characteristics such as the number of students enrolled, the number of full-time 
teachers, the teachers’ educational attainment, academic-related facilities, the curricu-
lum, and the school activities. The main measures of school quality used in the typical 
regression analyses are the teacher-student ratio, the salaries of teachers with a B. 
A. degree, and the percentage of teachers with a Master’s degree. I choose these measures 
for direct comparability with the primary analyses in Betts (1995, 1996). In addition, 
I adjust teachers’ salaries with 1980 per-capita personal income in the state to calculate 
relative teacher salaries.1

I conduct a three-step sample restriction procedure to obtain the 1979–2010 sample. 
First, I follow Betts’ sample selection procedure. Individuals with missing or declining 
years of schooling between 1979–1990 are excluded from the sample. Individuals in the 
military subsample, whose measures of school quality are not observed, those who did 
not attend a public high school, male Hispanics, male Blacks, and females are also 
excluded from the sample. Lastly, some individuals were not enrolled in a junior high 
school during the 1979 high-school survey. They were either very young, were currently 
enrolled in a junior high school at the time of the survey or did not attend a high school in 
1979. I exclude these individuals since we do not observe the measures of school quality. 
From these restriction criteria, I obtained a sample of about 2,077 white-male individuals 
who attended public high schools in 1979.

1I obtain per-capita personal income data from Table SA1–3 in the BEA Regional Economic Accounts website.
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Some individuals in this subsample have missing earnings and the number of weeks 
worked observations. Some individuals also reported zero earnings in the survey. These 
observation points, but not the individuals, are excluded from the sample in these cases. 
Some individuals are also missing observations on marital status, residence in SMSA, 
and state of residence. In these cases, I assume that individuals keep the same status as 
in the previous period and impute the missing observations using values from the 
previous period.

Lastly, observations of individuals who lived outside the United States in any 
given year are also excluded from the sample. These restrictions reduce the 1979–1990 
sample to an unbalanced panel consisting of 1,568 individuals. The average number of 
wage observations per individual in this sample is 10.2. For comparison, the number of 
individuals in Betts’ sample was 1,134.

Table 1 compares the number of individuals and observations in Betts’ 1979–1990 
sample and those in this study. Ideally, I want to obtain a sample identical to Betts (1995). 
However, I obtain a significantly higher number of observations for the 1979–1990 
sample. This difference can partly be explained by retrospective revisions or imputations 
by the surveyor to recover information lost in the previous survey years. Specifically, the 
report on the BLS website states: “from this information and other retrospective informa-
tion, a longitudinal record spanning from the date of, and to some extent the time 
preceding, the first interview through the most current interview date can be constructed 
for each respondent. The longitudinal record is maintained even for respondents who are 
not interviewed in interim years. Each year’s questionnaire incorporates retrospective 
questions designed to recover as completely as possible information lost (or incorrectly 
reported or recorded) during previous survey years.” We also note that there are also 
several errata for the 1979–2006 data release, which are subsequently corrected by 
the BLS.

I present the summary statistics of Betts’ and my 1979–1990 samples in Table 2. 
I find that the averages and standard deviations of most of the variables are close to 
those in Betts (1995). However, there are a couple of noticeable differences. First, the 
average number of weeks worked in our sample is higher by about 32 weeks. Second, 
the average relative salaries of teachers are also higher by 0.20 in our sample. I may have 
used a different adjustment variable as Betts’s (1995) link is no longer available. 

Table 1. A summary of the sample restriction procedure for the 1979–1990 sample.

Procedures

Betts’s (1995) This Study

Individuals Observations Individuals Observations

initial 12,669 304,056
drop ind. missing education 8,744 209,856
drop ind. in military subsample 8,617 206,808
drop obs. beyond 1990 8,617 103,404
drop obs younger than 17 y.o. 8,617 97,513
drop obs. miss. earnings & weeks worked 6,749 68,182 8,470 74,096
keep white males 19,534 2,350 22,325
keep public school students 18,395 2,200 20,913
keep those in US states & DC 17,706 2,200 20,912
keep positive weekly earnings 16,417 2,200 20,841
elim. student teacher ratio of 6 16,406 2,199 20,813
keep those w/school quality 11,314 1,568 14,955

Source: author’s calculation using the NLSY79.
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Hanushek (1986) documented measures of school quality such as the teacher-student 
ratio and the percentage of teachers between 1960 and 1980. I find that the averages of 
these measures calculated from the NLSY79 data are quite close to the ones documen-
ted in Hanushek (1986).

Second, I use the recent version of NLSY79 to obtain extended earnings observations 
between 1991 and 2010. Several variables have missing, or declining values post 1990. 
I use the following procedures to impute many missing values of the explanatory 
variables in the subsequent observation periods. First, I assume that individuals did not 
enroll in school after 30. This is a fair assumption as the data suggests that only about 
2.23 percent of individuals aged 30 or older were enrolled in school. These individuals 
were either enrolled in a college or a graduate program. I then impute missing or 
declining years of schooling of individuals aged 30 or older with values from the 
preceding period. Second, I exclude observation periods with missing earnings and the 
number of weeks worked in each period. I obtain, on average, additional 10.6 periods of 
observations for everyone in the sample between 1991–2010. The total number of 
individuals in the unbalanced panel is 1,568, with 26,802 observations.

2.2. Correlations between the measures of school quality

There are several variables in the NLSY79 that can be used to measure school quality. 
I focus on the teacher-student ratio, the relative teacher salaries, and the percentage of 
teachers with a master’s degree, which are commonly used as measures of school quality 
in the literature.

I also analyze the number of students enrolled, the percentage of economically 
disadvantaged students, the percentage of grade 10 students who dropped out, the 
percentage of teachers who left the school, the percentage of black students, and the 
number of books per student to gain a better understanding about the main measures of 
school quality. Heckman et al. (1996) suggest that it is important to understand how 
different measures of school quality are correlated with each other. They argue that it is 
possible for the measures of school quality to be negatively correlated, for example, due to 
budget constraints.

I report pairwise correlation coefficients between the measures of school quality in 
Table 3. There is a positive correlation between the percentage of teachers with a master’s 

Table 2. Summary statistics of the 1979–1990 sample.

Variables

Betts (1996)

This Study

Initial Sample Regression Sample

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

log of weekly earnings 5.52 0.82 5.40 0.90 5.38 0.88
education completed 12.43 2.12 12.79 2.25 12.86 2.05
experience (weeks) 216.13 161.68 248.04 154.21 230.28 140.87
marital status 0.33 0.47 0.37 0.48 0.36 0.48
residence SMSA 0.68 0.46 0.69 0.46 0.70 0.45
teacher-student ratio 0.05 0.01 0.05 0.01 0.05 0.01
teacher with master’s 46.11 22.74 46.45 22.85 46.20 23.08
relative teacher salaries 0.85 0.10 1.20 0.15 1.19 0.16
Number of individuals n.a. 1,568 1,038

Source: author’s calculation using the NLSY79.
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degree and the relative salaries of teachers with a B.A. degree. This finding suggests that, 
on average, high schools that employed a higher percentage of teachers with a master’s 
degree also paid higher salaries to teachers with a B.A. degree. Thus, high schools might 
have increased the classroom size due to limited budgets, leading to a negative correlation 
between the relative salaries and the teacher-student ratio. Schools with a higher percen-
tage of teachers with a master’s degree tend to have a larger enrollment, leading to 
a negative correlation between the percentage of teachers with a master’s degree and the 
teacher-student ratio.

The results suggest that a higher percentage of teachers with a master’s degree seems to 
be an indicator of better school quality. For instance, the percentage of teachers with 
a master’s degree is negatively correlated with the percentage of disadvantaged students. 
It is also negatively correlated with the percentage of grade 10 students who dropped out 
and the percentage of teachers who left the school. Overall, the results show that the 
teacher-student ratio, relative teacher salaries, and percentage of teachers with a master’s 
degree do not indicate school quality improvement. For this reason, I do not combine the 
main measures of school quality into a single index.

In the next section, I estimate regression models for different age ranges to analyze the 
effects of measures of school quality on earnings using the extended earning observa-
tions. First, I focus on the teacher-student ratio, the relative teacher salaries, and the 
percentage of teachers with a master’s degree as the main measures of school quality. 
Next, the extended earning observations allow me to estimate the effects of the measures 
of school quality when individuals were older. Specifically, I estimate the model in two 
age ranges: when the individuals were 17–32 and when the individuals were 40 or older. 
These age ranges allow me to compare estimation results with Betts (1995, 1996).

I keep the same group of individuals for each age range to avoid a composition effect. 
Thus, I exclude individuals from the sample if the individuals have no earnings observa-
tion in one or any of the two age ranges. The total number of unique individuals with 
earning observations in the two age ranges is 1,038. For comparison, the number of 

Table 3. Correlation coefficients of the measures of school quality.

t-s ratio salaries master enrollment disadvantaged dropout
teacher 

left blacks books

Teacher-student ratio 1

Relative teacher 
salaries

−0.126 1

% of teachers with 
a Master’s

−0.104 0.359 1

Total enrollment −0.427 0.205 0.341 1

% of disadvantaged 0.009 −0.183 −0.245 −0.187 1

% of dropout −0.025 0.007 −0.147 −0.024 0.254 1

% of teachers who left 0.219 −0.204 −0.272 −0.178 −0.016 −0.022 1

% of black students −0.095 0.014 0.036 0.168 0.285 0.100 −0.042 1

Library books per 
student

0.202 −0.151 −0.164 −0.262 0.126 0.053 0.192 −0.080 1

Source: author’s calculation using the NLSY79.
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individuals observed in each age range is 1,568 and 1,038. Regressions with a different 
group of individuals yield similar results.

3. Results and discussion

3.1. The effects of the measures of school quality on earnings

The main objective of the analysis in this section is to replicate Betts’ estimation and 
investigate the effects of the measures of school quality on earnings at older age. I start by 
replicating Betts’ estimations using the 1979–1990 NLSY79 sample, in which individuals 
were 17–32 years old. For the estimation, I use Betts’ model specification: 

lnwit ¼ αþ ρSit þ θQi þ γEit þ βXit þ εit; Specification 2 

where i indicates an individual in the sample at time t. As discussed in the previous 
section, I estimate this model using the sample of observed individuals in the two age 
ranges.

Note that the data include the earnings of individuals who worked. Thus, 
I acknowledge that my analyses may be subject to the sample selection issues 
(Heckman, 1979; Vella, 1998). For example, suppose that individuals with a low measure 
of school quality are more likely to be out of work in a given time. In addition, suppose 
that these individuals have lower reservation wages. Assuming a positive effect of the 
measure of school quality, the estimated effect will be lower than the true effect of school 
quality. If indeed that is the case in general, then the estimated effect of school quality 
using only individuals who worked will produce a lower bound on the effect of school 
quality.

The left-hand side variable is a log of weekly earnings. However, results are similar in 
regressions with a log of hourly earnings. The regressors are the years of schooling (S), 
the measures of school quality (Q), a quartic function of experience (E), and a vector of 
control variables (X). The measure of labor market experience at a given period is the 
sum of the number of weeks worked in previous periods. The control variables include 
eight dummy variables for residences in the census regions, interaction terms between 
the census region dummies and the years of schooling, a dummy variable for residence in 
SMSA, and a dummy for the marital status and year dummies. Betts’s (1995) uses 
heteroscedasticity-robust standard error estimators for pooled OLS regressions. 
However, the error terms εit are likely to be correlated over time for a given individual 
owing to the data structure. For this reason, I consider an additional baseline specifica-
tion with standard errors clustered at the individual level (Cameron & Miller, 2015; Stock 
& Watson, 2008).

I first estimate the model using the 1979–1990 sample to compare the results with 
Betts’. I report my estimates and Betts’ estimates in Table 4. I present Betts’ estimates in 
Column 1, and I present my estimates in Column 2 and Column 3. Betts’ estimates show 
that measures of school quality do not affect individuals’ earnings. My estimates in 
Column 2 show that the teacher-student ratio positively affects individuals’ earnings. 
However, the significance goes away once I cluster the standard errors at the individual 
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level. In all model specifications, the percentage of teachers with a master’s degree and the 
relative teacher salaries do not affect individuals’ earnings.

We can observe that the estimated standard errors are higher in the specification using 
the clustered standard errors. This increase is expected in time-ordered earnings obser-
vations as the error terms are positively correlated among individuals (Cameron & 
Miller, 2015). For this reason, I cluster the standard errors at the individual level in 
subsequent specifications to control for the correlations of the error terms across time. 
I acknowledge that the point estimates for the measures of school quality are different 
than those in Betts’s (1995). These differences are not unexpected because the regression 
sample in Betts’ and the sample in this study are different. Nevertheless, I obtain similar 
qualitative results to Betts’ that the measures of school quality do not affect individuals’ 
earnings.

To analyze the effects of the measures of school quality on earnings at older age, 
I estimate Specification 2 at different age ranges: 17–32 and beyond 40. Then, I estimate 
the model using the same sample to avoid composition effects and cluster the standard 
errors at the individual level. Finally, I present the estimates for the two age ranges in 
Column 3 and Column 5 of Table 4, respectively. The estimates in Column 3 of Table 4 
show that no measures of school quality appear to be significantly different from zero 
when individuals were 17–32. However, the estimates in Column 5 of Table 4 show that 
a higher percentage of teachers with a Master’s degree led to significantly higher earnings 
at older age. The point estimate suggests that a one-standard-deviation increase in the 

Table 4. The estimated effects of measures of school quality on earnings.
Betts’s (1995) Replication of Betts’s (1995) Extended Observations

1: 17–32 y.o. 2: 17–32 y.o. 3: 17–32 y.o. 4: 17–32 y.o. 5: 40+ y.o. 6: 40+ y.o.

Education 0.041*** 0.029*** 0.029 0.080 0.120*** 0.156**
(0.012) (0.012) (0.025) (0.056) (0.021) (0.072)

Teacher-student ratio 0.250 1.126** 1.126 1.149 2.051 2.112
(0.439) (0.525) (1.077) (1.085) (1.305) (1.317)

Relative teacher 
salaries

−0.039 −0.065 −0.065 −0.031 −0.111 −0.078

(0.638) (0.046) (0.085) (0.095) (0.132) (0.138)
% of teachers with 

a Master’s
0.000 −0.000 −0.000 −0.000 0.00261*** 0.00257***

(0.001) (0.000) (0.001) (0.001) (0.001) (0.001)
Education x teacher- 

student ratio
−0.398 0.076

(0.440) (0.572)
Education x teacher 

salaries
−0.032 −0.031

(0.034) (0.052)
Educationx teachers 

with a Master’s
−0.000 −0.000

(0.000) (0.000)
Observations 11,314 9,190 9,190 9,190 3,146 3,146
Adjusted R2 0.313 0.377 0.377 0.377 0.225 0.225
Number of individuals 1,038 1,038 1,038 1,038 1,038 1,038
Standard errors robust robust cluster cluster cluster cluster

Source: author’s calculation using the NLSY79. 
Notes: standard errors are clustered at the individual’s level and are shown in parentheses. The signs *, **, *** indicates 

significance at 10, 5, and 1 percent. Other regression covariates not shown in the table are years of schooling, quartic 
function of experience, a dummy for marital status, a dummy for residence in SMSA, census region dummies, 
interaction terms between education and the census region dummies, and time dummies.
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percentage of teachers with a master’s degree increases the prime-age earnings by 0.07 
standard deviation. For comparison, a one-standard-deviation increase in the years of 
schooling increases the prime-age earnings by 0.23 standard deviation.

I then analyze whether the marginal effects of the measures of school quality vary with 
the years of schooling. Finally, following Betts’s (1995), I include interaction terms 
between the years of schooling and the measures of school quality: 

lnwit ¼ αþ ~ρSit þ ~θQi þ ~δ�Sit � �Qi þ γEit þ βXit þ εit; Specification 3 

where �S and �Q are schooling, and school quality variables centered at their means, 
respectively. The centering of these variables allows us to interpret the estimated para-
meters conditional on the averages of the interacted variables. For instance, the estimated 
parameters ~θ capture the marginal effects of the measures of school quality for indivi-
duals with average years of schooling. This simple manipulation also allows us to 
compare these estimates with estimates using the model specification in Specification 2.

I present the marginal effects of the measures of school quality on earnings conditional 
on the average years of schooling in Columns 4 and 6 of Table 4. Note that the average 
years of schooling is about 12.8, which implies that on average the individuals are high- 
school graduates. There are no significant interaction effects between years of schooling 
and the measures of school quality, and the inclusion of the interaction terms does not 
improve the model’s fit. Nevertheless, the result is similar to one in the baseline model: 
the percentage of teachers with a master’s degree is significant only at older age. This 
result is consistent with findings in Wachtel (1976), who used district-level per-student 
expenditure as a measure of school quality. He finds that the estimated parameter of the 
per-student expenditure is larger at older age.

Table 5. The estimated effects of the measures of school quality on earnings.
1: 40+ y.o. 2: 40+ y.o. 3: 40+ y.o. 4: 40+ y.o. 5: 40+ y.o. 6: 40+ y.o. 7: 40+ y.o.

Teacher-student ratio 2.111 
(1.318)

2.309 
(1.438)

2.477* 
(1.457)

2.468* 
(1.464)

2.255 
(1.438)

1.313 
(1.478)

1.360 
(1.495)

Relative teacher 
salaries

−0.076 
(0.138)

−0.025 
(0.143)

−0.055 
(0.145)

−0.052 
(0.145)

−0.063 
(0.145)

−0.098 
(0.164)

−0.060 
(0.164)

% of teachers with 
a master’s

0.00257*** 
(0.000922)

0.00186** 
(0.000942)

0.00195** 
(0.000957)

0.00195** 
(0.000963)

0.00194** 
(0.000979)

0.00224** 
(0.00104)

0.00220** 
(0.00108)

Observations 3,146 3,032 2,942 2,933 2,862 2,862 2,862
Adjusted R2 0.225 0.226 0.229 0.230 0.233 0.256 0.247
Regional control Region FE Region FE Region FE Region FE Region FE State FE State by 

Year FE
Father’s education Y Y Y Y Y Y
Mother’s education Y Y Y Y Y
Family wealth in 1979 Y Y Y Y
AFQT score Y Y Y
Controls Y Y Y Y Y Y Y
Standard Errors Cluster Cluster Cluster Cluster Cluster Cluster Cluster

Source: author’s calculation using the NLSY79. 
Notes: standard errors are clustered at the individual level and are shown in parentheses. The signs *, **, *** indicates 

significance at 10, 5, and 1 percent. Other regression covariates not shown in the table are years of schooling, quartic 
function of experience, a dummy for marital status, a dummy for residence in SMSA, census region dummies, 
interaction terms between education and the census region dummies, time dummies, state dummies, and interaction 
terms between state and time dummies. The AFQT score is adjusted by the individuals’ age.
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I re-estimate Specification 3 using different sets of controls to investigate whether the 
effects of the measures of school quality are robust to addition of important variables 
such as parents’ level of education, family wealth, and a proxy of ability (AFQT score). 
I also test the robustness of the estimates by adding state fixed effects or state by year fixed 
effects in the model specification. For these estimations, I use the sample of individuals at 
older age, and I present the results in Table 5. These sensitivity analyses show that the 
effects of the percentage of teachers with a master’s degree are quite robust.

So far, I focus on the teacher-student ratio, relative teacher salaries, and percentage of 
teachers with a master’s degree as the main measures of school quality. However, as shown in 
Section 3.2, these measures of school quality are correlated with other quality metrics such as 
the percentage of black students, the percentage of poor students, the percentage of teachers 
who left the school, the percentage of grade 10 dropouts, and library books per students. 
I investigate whether the estimated effects of the main measures of school quality are robust 
by augmenting Specification 2 with one quality metric at a time. I present the results of the 
estimations in Table 6. We can observe that the estimated coefficients of the percentage of 
teachers with a master’s degree are not sensitive to the addition of other quality metrics. In all 
specifications, we reject the null that the percentage of teachers with a master’s degree does 
not affect individuals’ earnings. It is interesting to note that the percentage of economically 
disadvantaged students has a negative effect on individuals’ earnings. The magnitude of its 
effect is similar to that of the percentage of teachers with a master’s degree.

Table 6. The estimated effects of the measures of school quality on earnings.
1: 17-32 y. 

o.
2: 40+ y. 

o.
3: 40+ y. 

o.
4: 40+ y. 

o.
5: 40+ y. 

o.
6: 40+ y. 

o.
7: 40+ y. 

o.
8: 40+ y. 

o.

education 0.038*** 0.102*** 0.100*** 0.100*** 0.099*** 0.099*** 0.099*** 0.098***
(0.012) (0.019) (0.019) (0.020) (0.020) (0.020) (0.020) (0.019)

teacher-student ratio 0.176 0.906 0.767 0.829 0.852 0.841 0.841 0.664
(1.020) (1.201) (1.193) (1.211) (1.191) (1.193) (1.193) (1.205)

relative teacher’s salary 0.003 0.003 0.005 0.004 0.001 0.001 0.001 0.002
(0.013) (0.019) (0.018) (0.019) (0.019) (0.019) (0.019) (0.019)

% of teachers with 
a master

0.000 0.002** 0.002** 0.002** 0.002* 0.002* 0.002* 0.002*

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
% of black students −0.003* −0.003* −0.003 −0.003 −0.003 −0.002

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)
% of teachers who left −0.001 −0.001 −0.001 −0.001 −0.001

(0.002) (0.002) (0.002) (0.002) (0.002)
% of disadvantaged 

students
−0.002 −0.002 −0.002 −0.002*

(0.001) (0.001) (0.001) (0.001)
% of grade 10 dropouts 0.000 0.000 0.000

(0.001) (0.001) (0.001)
Library books per student 0.002

(0.001)
Observations 10,250 3,640 3,640 3,640 3,640 3,640 3,640 3,640
Individuals 1,038 1,038 1,038 1,038 1,038 1,038 1,038 1,038
Controls Y Y Y Y Y Y Y Y
Standard Errors Cluster Cluster Cluster Cluster Cluster Cluster Cluster Cluster

Source: author’s calculation using the NLSY79. 
Notes: standard errors are clustered at the individual level and are shown in parentheses. The signs *, **, *** indicates 

significance at 10, 5, and 1 percent. Other regression covariates not shown in the table are years of schooling, quartic 
function of experience, a dummy for marital status, a dummy for residence in SMSA, census region dummies, 
interaction terms between education and the census region dummies, time dummies, state dummies, and interaction 
terms between state and time dummies. The AFQT score is adjusted by the individuals’ age.
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3.2. The effects of the measures of school quality over the life cycle

The results so far suggest that the effect of the percentage of teachers with a master’s 
degree is higher at older age. Thus, the logical next step is to estimate the effects of the 
measures of school quality over individuals’ life cycles. First, I estimate a model with an 
interaction between schooling and age and an interaction between the percentage of 
teachers with a master’s degree and age: 

I report the results of the regressions in Table 7. I find a significant interaction effect 
between schooling and age and a significant interaction effect between the percentage of 
teachers with a master’s degree and age. These estimates suggest that the effect of 
schooling and the effect on the percentage of teachers with a master’s degree increases 
with age. However, I find no interaction effect between age and the other measures of 
school quality. This suggests that the teacher-student ratio and the relative salaries of 
teachers’ effects on earnings are constant over individuals’ life cycles.

It is important to obtain the effects of the measures of school quality at a certain age 
and to investigate whether the effects are significant or not. I calculate the partial effects 

of schooling and partial effects of the percentage of teachers with a master’s degree at 
each age point and the corresponding standard errors and 95 percent confidence inter-
vals. I plot the partial effects of schooling and the percentage of teachers with a master’s 

Table 7. The effects of schooling and the measures of school quality over the life cycle.
Measures of school quality 1: Model 1 2: Model 2 3: Model 3

Education −0.028** −0.080*** −0.107***
(0.013) (0.014) (0.021)

Teacher-student ratio −1.272 −1.276 −1.336
(2.048) (2.019) (2.062)

Relative teacher salaries 0.007 −0.003 −0.001
(0.031) (0.031) (0.031)

% of teachers with a Master’s −0.003** −0.003** −0.003**
(0.001) (0.001) (0.001)

Age 0.072*** 0.029*** 0.034***
(0.001) (0.003) (0.007)

Education • age 0.003*** 0.004*** 0.004***
(0.000) (0.000) (0.000)

Teacher-student ratio • age 0.065 0.064 0.059
(0.060) (0.063) (0.063)

Relative teacher salaries • age 0.000 0.000 0.000
(0.000) (0.000) (0.000)

% of teachers with a Master’s • age 0.0001*** 0.0001*** 0.0001***
(0.000) (0.000) (0.000)

Observations 17,240 16,366 16,366
Controls N Y Y
Region and time dummies N N Y

Source: author’s calculation using the NLSY79. 
Notes: these estimations are produced using publicly observed dataset. standard errors are clustered at 

the individual’s level and are shown in parentheses. The signs *, **, *** indicates significance at 10, 5, 
and 1 percent. Other regression covariates not shown in the table are years of schooling, quartic 
function of experience, a dummy for marital status, a dummy for residence in SMSA, region and time 
dummies.
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degree and their corresponding confidence intervals in Figure 2. First, we can observe 
that the estimated partial effects increase monotonically with age. The percentage of 
teachers with a master’s degree did not affect earnings when individuals were below 30. 
However, the percentage of teachers with a master’s degree has positive and significant 
effects on earnings when individuals were 30 or older. The pattern of the marginal effects 
of the percentage of teachers with a master’s degree is similar to the pattern of marginal 
effects of schooling. I also estimate the effects of the teacher-student ratio on earnings 
over the life cycle of individuals. The estimated marginal effects are positive at older age. 
However, they are not statistically significant. The estimated marginal effects of relative 
teacher salaries on earnings are zero.2

The fact that the percentage of teachers with a master’s degree is significant at older 
age is important in the literature. A direct comparison of the results in this study is the 
results in Betts (1996), who investigated the effects of the measures of school quality on 
earnings at ages 40–55. Betts (1996) uses the earnings of individuals aged 40–55 in the 
1980 Census to predict NLSY79 individuals’ earnings when they are 40–55 years old. In 

Figure 2. Marginal effects of the years of schooling and the percentage of teachers with a master’s 
degree by age. Source: author’s calculation using the NLYS79. Notes: standard errors are clustered at 
the individual’s level. The covariates used in the estimation model are years of schooling, quartic 
function of experience, a dummy for marital status, a dummy for residence in SMSA, census region 
dummies, interaction terms between education and the census region dummies, and time dummies.

2See Figure A1 for the marginal effects of teacher-student ratio and Figure A2 for the marginal effects of relative teacher 
salaries.
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his study, the estimated parameter of the percentage of teachers with a master’s degree is 
negative, although it is statistically not different from zero.

I argue that there are two explanations for the difference. First, the 1980 Census is 
cross-sectional data. Hence, we can only observe one earning observation for each 
individual. One needs different individuals to construct a series of earnings data for 
ages 40–55. However, each individual has different observed and unobserved character-
istics, which may significantly affect earnings in different ways. Second, the earnings 
obtained from the 1980 Census cannot capture the actual state of the economy and 
technological progress, which significantly affect occupation-specific earnings and earn-
ings growth. Therefore, earnings data for a specific occupation in the 1980 Census are not 
comparable to the post-1990 earnings data in the NLSY79.

3.3. The effects of the measures of school quality by years of schooling completed

The results show that the percentage of teachers with a master’s degree indeed affects 
earnings, and the effects are stronger at older age. In this section, I analyze whether the 
effects of the measures of school quality differ by years of schooling completed. I identify 
the highest years of schooling that everyone completed. I then estimate the model in 
Specification 2 by the highest years of schooling completed: less than high school, high 
school, some college, four-year college, and post-graduate. For each schooling group, 
I estimate the model using the sample when individuals were 17–32 years old and the 
sample when individuals were 40 years or older. Thus, I have the same group of 
individuals for each schooling group in both samples.

Table 8. The effects of the measures of school quality by highest years of schooling completed.

Sample: 17-32 y.o. 1: HS dropout 2: HS graduate 3: some college 4: 4Y college
5: post- 

graduate

Teacher-student ratio 0.512 
(1.391)

0.0845 
(1.507)

2.440 
(2.670)

1.109 
(2.379)

−2.381 
(2.802)

Relative teacher salaries 0.0278 
(0.0183)

0.0212 
(0.0207)

0.00532 
(0.0299)

−0.00805 
(0.0299)

−0.0267 
(0.0302)

% of teachers with 
a master’s

0.00108 
(0.000766)

0.00123 
(0.000852)

−0.000221 
(0.00151)

0.00115 
(0.00159)

−0.00128 
(0.00202)

Observations 5,236 4,595 2,022 1,669 1,323
Controls Y Y Y Y Y
Standard errors Cluster Cluster Cluster Cluster Cluster
Sample: 40+ y.o. 1: HS dropout 2: HS graduate 3: some college 4: 4Y college 5: post- 

graduate
Teacher-student ratio 1.312 

(1.520)
0.816 

(1.607)
0.192 

(2.713)
−1.382 
(3.254)

2.935 
(4.382)

Relative teacher salaries 0.0351 
(0.0277)

0.0173 
(0.0309)

0.0224 
(0.0432)

−0.00116 
(0.0282)

−0.0609* 
(0.0320)

% of teachers with 
a master’s

0.00246** 
(0.00108)

0.00279** 
(0.00117)

0.00143 
(0.00178)

0.000519 
(0.00254)

0.00158 
(0.00264)

Observations 1,828 1,623 744 565 503
Controls Y Y Y Y Y
Standard errors Cluster Cluster Cluster Cluster Cluster

Source: author’s calculation using the NLSY79. 
Notes: standard errors are clustered at the individual level and are shown in parentheses. The signs *, **, *** indicates 

significance at 10, 5, and 1 percent. Other regression covariates not shown in the table are years of schooling, quartic 
function of experience, a dummy for marital status, a dummy for residence in SMSA, census region dummies, 
interaction terms between education and the census region dummies, and time dummies.
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I report the results in Table 8. Consistent with the previous results, the measures of 
school quality have no effects on earnings when individuals were young irrespective of 
the schooling group. On the other hand, the percentage of teachers with a master’s degree 
affects earnings at older age but only among individuals who did not finish high school 
and individuals who completed high school. This is an interesting finding because 
individuals with at most a high school diploma attended high schools with a relatively 
lower share of teachers with a master’s degree. For example, the average percentage of 
teachers with a master’s degree for individuals with at most a high school degree is 
42.8 percent. However, the average for individuals with a 4-year college degree is 
49.6 percent. This result suggests that attending a better-quality school matter for 
individuals who did not attend college.

3.4. Does return to schooling vary by measures of school quality?

I now investigate whether the marginal effects of the return to schooling vary with the 
measures of school quality. This analysis is important as the state-level studies in the 
literature. For example, Card and Krueger (1992a) find that the measures of school 
quality have significant relationships with the return to education. For this analysis, 
I categorize each measure of school quality into quartiles and estimate Specification 2 for 
each quartile. I estimate the model using the sample when individuals were 40 years or 
older. Table 9 presents the estimates of the return to schooling for each quartile of the 
measures of school quality. The results show that individuals who attended schools with 
the lowest teacher-student ratio or individuals who attended schools with the highest 
percentage of teachers with a master’s degree earned higher returns to schooling. One of 
the explanations is that the percentage of teachers with a master’s degree is negatively 
correlated with the teacher-student ratio.

4. Conclusion

There is an open debate in the literature that looks at the effects of the measures of school 
quality on labor market earnings. Studies using state or aggregate-level measures of 

Table 9. Return to schooling by the measures of school quality.
1: 1st quartile 2: 2nd quartile 3: 3rd quartile 4: 4th quartile

Return to schooling x teacher-student ratio 6.406** 
(3.233)

9.614 
(13.14)

4.288 
(6.927)

0.434 
(0.908)

Observations 749 778 814 805
Return to schooling x relative teacher salaries 0.182 

(0.117)
0.0155 
(0.162)

−0.0349 
(0.218)

0.0219 
(0.122)

Observations 792 832 772 750
Return to schooling x % of teachers with a master’s 0.158 

(0.183)
0.0251 
(0.182)

0.198 
(0.287)

0.453** 
(0.194)

Observations 783 810 781 772
Controls Y Y Y Y
Standard errors Cluster Cluster Cluster Cluster

Source: author’s calculation using the NLSY79. 
Notes: standard errors are clustered at the individual level and are shown in parentheses. The signs *, **, *** indicates 

significance at 10, 5, and 1 percent. Other regression covariates not shown in the table are years of schooling, quartic 
function of experience, a dummy for marital status, a dummy for residence in SMSA, census region dummies, 
interaction terms between education and the census region dummies, and time dummies.
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school quality such as teacher-student ratio and relative teacher wage find positive effects 
on labor market earnings. On the other hand, studies using school-level measures of 
school quality, such as Betts’s (1995), find no effect of the measures of school quality on 
labor market earnings. Card and Krueger (1996) argue that Betts’ results are driven by the 
use of a relatively young sample. A follow-up paper by Betts (1996) addresses this 
criticism by using the 1980 Census to predict the prime-age earnings of individuals in 
the NLSY79 sample. He finds no significant effects of the measures of school quality on 
earnings. While this study supports Betts’s (1995), I argue that there are many drawbacks 
to the wage-matching method used in this study.

This study reopens this debate by analyzing the direct effects of the measures of school 
quality on earnings at older age. The more recent NLSY79 dataset provides an opportu-
nity to analyze the effects of the measures of school quality when individuals are 40 or 
older. Specifically, the dataset allows a comparison of the effects of the measures of school 
quality when individuals were young and when they were older. This analysis is essential 
to address Card and Krueger’s claim that the use of a relatively young sample in Betts’s 
(1995) understates the effects of the measures of school quality.

I find strong evidence that the measures of school quality affect earnings at older age. 
The estimates are quite consistent across model specifications even after controlling 
family characteristics and a measure of individuals’ ability. The point estimates suggest 
that a one-standard-deviation increase in the percentage of teachers with a master’s 
degree increases the prime-age earnings of those with the average years of schooling by 
0.06 to 0.07 standard deviation. I also find that the estimated effects of the percentage of 
teachers with a master’s degree decrease with the years of schooling. The effects are 
significant among individuals who completed high school or one year of college.

The results of this study have strong implications for the literature. First, the results 
support Card and Krueger’s claim that the measures of school quality affect earnings only 
at older age. Second, the results in this study reconcile the findings between studies that 
used state- and school-level data. Finally, together with state-level studies, the results in 
this study conclude that the measures of school quality affect individuals’ earnings in the 
labor market.
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Appendix

Figure A1. Marginal effects of teacher-student ratio by age. Source: author’s calculation using the 
NLYS79. Notes: standard errors are clustered at the individual’s level. The covariates used in the 
estimation model are years of schooling, quartic function of experience, a dummy for marital status, 
a dummy for residence in SMSA, census region dummies, interaction terms between education and 
the census region dummies, and time dummies.
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Table A1. Key variables from the NLSY79.
Variable Variable Title in NLSY79 Question Name

father’s education highest grade completed by R’s father HGC-FATHER
mother’s 

education
highest grade completed by R’s mother HGC-MOTHER

AFQT test score AFQT percentile score, revised 2006 AFQT-3
years of schooling highest grade completed as of May 1 (revised) HGCREV79-10
hours worked number of hours worked in past calendar year HRSWK-PCY
weeks worked number of weeks worked in past calendar key WKSWK-PCY
income total income from wages and salary in past calendar year Q13–5, Q13-5_TRUNC, Q13- 

5_TRUNC_REVISED
msa is R’s current residence in SMSA? SMSARES
total enrollment total enrollment in R’s school in 10-1-79 - school survey SCHSUR-17
number of 

teachers
number of full-time equivalent teachers in school – school 

survey
SCHSUR-43

teacher with 
Master’s

percentage of full-time teachers with Master’s/Doctor’s – 
school survey

SCHSUR-44

teacher salary annual salary beginning certified teacher with BA – school 
survey

SCHSUR-46

Figure A2. Marginal effects of teachers’ salary by age. Source: author’s calculation using the NLYS79. 
Notes: standard errors are clustered at the individual’s level. The covariates used in the estimation 
model are years of schooling, quartic function of experience, a dummy for marital status, a dummy for 
residence in SMSA, census region dummies, interaction terms between education and the census 
region dummies, and time dummies.

20 G. A. SAHADEWO


	Abstract
	1. Introduction
	2. Data
	2.1. Sample selection procedures
	2.2. Correlations between the measures of school quality

	3. Results and discussion
	3.1. The effects of the measures of school quality on earnings
	3.2. The effects of the measures of school quality over the life cycle
	3.3. The effects of the measures of school quality by years of schooling completed
	3.4. Does return to schooling vary by measures of school quality?

	4. Conclusion
	Acknowledgments
	Disclosure statement
	Notes on contributor
	ORCID
	Ethical clearance
	References
	Appendix

