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Abstract

What is the causal effect of schooling on subsequent labor market outcomes? In
this paper I contribute evidence on this question by re-examining a British compulsory
schooling reform that yields large-scale and quasi-experimental variation in schooling.
First, I note that this reform was introduced in 1947, when British students attended
higher-track (for the “top” 20%) or lower-track (for the rest) secondary schools. The
reform increased the minimum school leaving age from 14 to 15 and I show that the
vast majority (over 95%) of affected students attended lower-track schools. Second, I
show that the additional schooling induced by the reform had close to zero impact on
a range of labor market outcomes. Third, I attribute these low returns to the quality
of these lower-track schools, which I argue was low along several dimensions.

JEL: 121, J24, J31.
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1 Introduction

What is the causal effect of schooling on subsequent labor market outcomes? This is a vital
question for economists. At the macroeconomic level the answer speaks to the impact of
education on productivity and hence why some countries are richer than others (Krueger
and Lindahl, 2001). At the microeconomic level the answer can inform models of education
choices (e.g., the importance of various frictions) and policies designed to increase educa-
tional attainment. As discussed by Card (2001), economists have addressed this question
by leveraging “quasi-experimental” variation in schooling driven by the supply side of the
education market (e.g., education policy reforms); the resulting estimates are interpreted as
the average returns to schooling among the affected students (Angrist et al., 1996).

Despite the appeal of this approach, convincing quasi-experiments have proven hard to
find. At the college level, while some quasi-experiments suggest large returns (e.g., Zim-
merman (2014)), Barrow and Malamud (2015) review the literature and conclude that “the
scarcity of credible evidence regarding the causal effect of college on earnings is striking”
(p-539). At the high school level, changes to compulsory schooling laws yield more quasi-
experiments, but these often lack external validity. In some cases (e.g., the US) this is
because the expansions affected only a small fraction of students.! In other cases it is be-
cause the expansions were part of broader education reform packages that are difficult to
unpack.? It follows that much remains to be learned about the causal effect of schooling on
labor market outcomes.

In this paper I contribute evidence on this question by re-examining a British compul-
sory schooling change that yields arguably the best approximation yet found to large-scale
experimental variation in schooling. This change, introduced on 1 April 1947, increased the
minimum school leaving age from 14 to 15 (roughly grade nine to grade ten). As a measure
of its scale, more than one half of the cohorts exposed to the change completed an addi-
tional year of schooling. It approximates an experiment because the minimum leaving age
depended on a student’s date of birth relative to a sharp cutoff. Since it generated school-
ing variation among individuals born just days apart, regression discontinuity methods can
provide highly credible estimates of its impacts.

I make three contributions that advance our understanding of this compulsory schooling

change and its impact on later-life outcomes. First, I note that over the period covered by

! Angrist and Pischke (2014) show that in models that include state-specific trends, US compulsory schooling
changes have small impacts on educational attainment. Angrist and Krueger (1991) exploit the interaction
of US compulsory schooling laws and quarter of birth, but Buckles and Hungerman (2013) argue that some
of the seasonality found in education and earnings outcomes is related to maternal characteristics.

2For example, reforms in Norway and Sweden changed compulsory schooling laws and de-tracked those school
systems (see Aakvik et al. (2010) and Meghir and Palme (2005) respectively).



this change, Britain operated an elite school system in which the “top” 20% of students
were assigned to higher-track schools and the remaining 80% to lower-track schools. Using
new data, I estimate that over 95% of the students affected by this reform (i.e., “compli-
ers”) attended lower-track schools. The reason is simple. Since most lower-track schools
terminated at the minimum leaving age, the reform added another year to the education of
most lower-track students. In contrast, most higher-track schools continued until at least
age 18 and few higher-track students left at the minimum leaving age. It follows that the
compulsory schooling change can be viewed as mandating an extra year - and no more - of
lower-track schooling.

Second, I estimate the impacts of this reform by leveraging new datasets with large
samples and precise information on birth date. Using regression discontinuity methods, I
find that the schooling induced by this reform had minimal impacts on subsequent labor
market outcomes, at least on average. Indeed, I cannot reject zero impacts for any of the
outcomes that I consider, including labor market participation, unemployment, earnings
and home ownership (a proxy for wealth). These impacts are much smaller than those
typically associated with a year of schooling - between 5% and 15% according to Card
(2008).3 Although my findings overturn prior research that found positive effects of this
reform on earnings (e.g., Oreopoulos (2006); Devereux and Hart (2011)), I replicate key
estimates reported in this prior research and can reconcile them with mine.*

Third, I argue that my findings are likely attributable to the low quality of the (lower-
track) schooling induced by this reform. In particular, T focus on three features of this
schooling: resources, curriculum and student effort. First, I show that lower-track stu-
dents were taught in relatively larger classes, and by teachers with relatively little training.
Second, I show that lower-track schools provided a curriculum that emphasized practical
education at the expense of vocational or traditional academic education. Third, I argue
that lower-track students likely faced weak incentives to exert effort. Although evidence on
the effects of inputs such as resources and curriculum is still accumulating, I argue that all

three mechanisms could help to explain my findings.

3Pischke and von Wachter (2008) estimate zero returns to a German compulsory schooling reform but a
recent analysis finds returns of 6-8% for hourly wages (Cygan-Rehm, 2021). Oosterbeek and Webbink
(2007) estimate zero returns to lower-track vocational schooling in Holland.

4My findings are consistent with - and provide a possible explanation for - this reform having little impact
on subsequent health outcomes (Clark and Royer, 2013). Galama et al. (2018) discuss this result. Since
tracking was abolished in the 1960s, it is less relevant to the other (1972) reform analyzed by Clark and
Royer (2013).



2 Britain’s Education System
I now describe Britain’s education system and the compulsory schooling reform.

A: Education System

At the start of the twentieth century the British education system included distinct ele-
mentary and secondary sectors. Elementary schools were run by local school boards and
voluntary agencies (e.g., churches) and they received grant funding from the central govern-
ment for students of compulsory school age (between 5 and 13). Secondary schools offered
a more advanced education that continued until at least age 16. These schools were private,
and funded mostly by fees and endowments.®

The 1902 Education Act created a new system of Local Education Authorities (LEAs)
that assumed responsibility for both sectors. Over the next 40 years, the sectors changed
significantly but remained separate. On the elementary side, the school leaving age was
increased to 14 (in 1921) and, following the report of Hadow (1926), elementary education
was divided into two stages taught in separate schools: a primary stage up to age 11 taught
in junior elementary schools and a post-primary stage from age 11 onwards taught in senior
elementary schools. On the secondary side, starting in 1907, LEAs had to assign 25% of sec-
ondary seats to students entering from elementary schools (as opposed to private preparatory
schools). These students were not charged fees but had to pass an exam to demonstrate they
could benefit from an advanced academic education. By 1939 all secondary school students
were admitted on the basis of an exam and then charged fees according to their means.

The 1944 Education Act integrated the elementary and secondary sectors into a single
system that contained three types of secondary schools: Grammar schools (former secondary
schools), Secondary Modern schools (former senior elementary schools) and Technical High
schools (a new type of school). I refer to the first two types as higher-track and lower-track
schools; T ignore the third type since few such schools were ever built. I examine the content

of lower-track education in Section 5.

B: Education System and Compulsory Schooling Reform

The 1944 Act stated that the minimum school leaving age would eventually be raised from
14 (when most lower-track schools terminated) to 16 (the age to which higher-track students
were expected to continue). As a first step, it was raised to 15 on 1 April 1947.

Figure 1 shows how the compulsory schooling reform affected the different tracks. Panel

A uses administrative enrollment data (described in Appendix A.1). Figure 1i displays the

5 Although some terms are specific to England and Wales, Scotland also had a tracked education system.



proportion of 13 year old students in lower-track schools, higher-track schools and other
(mostly private) schools by year. The series are broadly stable, with about 75% attending
lower-track schools, 15% attending higher-track schools and 10% attending other schools.
Figures 1ii and liii display dropout rates by year and track. Before the reform (e.g., in
1946), the vast majority (around 90%) of lower-track students dropped out at age 14. After
the reform (e.g., in 1948), only around 5% of lower-track students dropped out at age 14.°
Throughout the period, less than 5% of higher-track students dropped out at age 14, with
around 10% dropping out by age 15 and 50% dropping out by age 16.

Panel B of Figure 1 displays parallel graphs using data from the 1973 wave of the General
Household Survey (GHS).” These data fill three gaps in the administrative enrollment data
used in panel A. First, they include cohorts that turned 14 during the War. Second, they
include respondents that attended other schools, hence Figure 1vi plots the fraction of higher-
track or other students that left school at age 14.8 Third, they include information on birth
month, hence the horizontal axis refers to the quarter that a respondent turned 14.° This
brings the compulsory schooling reform into sharper focus. Both panels suggest that the
reform had a huge impact on lower-track students but little impact on other students.

To quantify that last point, I calculate the fraction of students affected by the compulsory
schooling reform (i.e., the “compliers”) that attended lower-track schools. The inputs into
this calculation are the fraction of the relevant cohort that attended lower-track schools and
the fraction of students in each type of school that were affected by the compulsory schooling
reform (estimated via regression discontinuity models applied to the data shown in Figures
1v and 1vi). This calculation suggests that at least 95% of the students affected by the
compulsory schooling reform attended lower-track schools (Appendix B).

This finding is not difficult to explain. First, since the vast majority of lower-track schools
terminated at the minimum leaving age, it is not surprising that the vast majority of lower-
track students dropped out at age 14 before the reform and at age 15 after the reform.'
Second, since higher-track students were selected on the basis of their ability to benefit from
an advanced academic education, it is not surprising that so few dropped out at age 14
before the reform. In addition, their families often had to commit to keeping them in school
until at least age 16 (e.g., Lowndes (1947, p.116)).

6This could reflect non-compliance or measurement error.

"This is the only wave that collected information on type of school attended and birth month. These data
are described in Appendix A.2.

8To avoid cluttering the graphs I do not display the fractions leaving by ages 15 or 16.

9The sample is relatively small, hence the patterns are clearer when data are presented at the quarter rather
than the month level.

10T his fact was established by Hadow (1926) for the late 1920s. There is little reason to think that provision
changed over the next 20 years (e.g., the series in Figure 1 are remarkably stable).



C: Descriptive Statistics

Since the reform affected lower-track students, it helps to examine some descriptive statis-
tics for this population. To that end, panel A of Table 1 uses the GHS data to describe
the family background, educational attainment and labor market outcomes of lower-track
students that turned 14 just prior to the reform (i.e., a type of control group). For context,
I report equivalent statistics for higher-track and other students. As expected, lower-track
students came from lower-SES families as measured by father’s occupation (e.g., over 80%
were employed in manual occupations). Also as expected, lower-track students rarely earned
the School Certificate (which required continuing in school until age 16) and almost never
attended college or university. At age 40, large fractions (around 70%) of these lower-track
students were employed in manual occupations, and they earned around one third less than

higher-track and private school students.

3 Data and Methods

We have seen that the compulsory schooling reform kept lower-track students in school for
an additional year. I now ask whether this reformed improved subsequent labor market
outcomes. Earnings are the main outcome of interest but I also examine labor market
activity (i.e., labor force participation, unemployment and self-employment). Education
could have important causal effects on labor market activity (Card, 1999). Moreover, since
I study earnings among samples of employed workers, it is important to know whether the

compulsory schooling reform affected the probability of being observed in these samples.

A: Data

I use 1991 Census data to measure labor force participation, unemployment and self-employment.!*

For the subsample of Census respondents born in England and Wales, these data consist of
population counts of outcomes by month of birth and gender.

I use L2 data to measure earnings. The L2 is an administrative dataset that, for a 1%
sample of the population, contains earnings information for each year from 1978 onwards.'?
The sample is drawn by extracting all workers with National Insurance numbers ending in
a particular pair of digits (these numbers are randomly assigned). Since the same digits are
used in each year, the L2 can contain multiple observations for a single person. I obtained
records for individuals born 1887-1963 in years 1978-2009 (N=11,708,045). T dropped indi-

1T obtained these and other Census data from the Office for National Statistics (Crown Copyright). The
Census is conducted every 10 years. There are no questions on earnings.
12Gee Appendix A.3 for additional details.



viduals with missing date of birth information (1,696), migrants (339,491), respondents living
in Northern Ireland (most of whom would have been born in Northern Ireland - 260,898)
and respondents aged 60 or older (3,881,888).

I use the L2 data to construct four outcomes. First, I construct “annual weeks worked”
as the sum of total weeks employed in a given year.'® Second, I construct “annual earnings”
as the sum of earnings across these employments, deflated using the annual retail price
index (“All Items” series with base period 2013).1* These data do not contain self-employed
earnings, hence I exclude observations with any weeks of self-employment. As shown below,
Census data suggest that the compulsory schooling reform had no impact on self employment.
Third, I construct “weekly earnings” as annual earnings divided by annual weeks worked.!®
Fourth, I construct a measure of “positive weekly earnings”. It takes the value “0” if the
observation is not associated with a valid measure of weekly earnings (e.g., if the person did
not work or was self-employed) and “1” otherwise. If this value is “1”, the observation is

associated with non-zero values for weeks worked, annual earnings and weekly earnings.

B: Methods

I use regression discontinuity methods to estimate the impacts of exposure to the compulsory
schooling reform. Later, when comparing my findings to the related literature, I convert these
“reduced-form” estimates into treatment effect estimates of the returns to schooling. I now
describe these regression discontinuity methods in more detail.

The Census data contain one observation per cohort defined by month turned 14 (e.g.,
January 1947). For outcomes derived from these data I estimate versions of the following
model:

Y., =7mg+mT. +mR, + msRT, + ¢, (1)

where ¢ indexes cohort, Y, is a cohort outcome (e.g., fraction unemployed), T is an exposure
indicator that is one for cohorts exposed to the reform (i.e., turned 14 after 1 April 1947) and
zero otherwise. The running variable R, is a cohort index defined relative to 1 April 1947
and R,T. is the interaction of the running variable and the exposure indicator.'® I estimate
this equation by ordinary least squares: 7; is my estimate of the impact of reform exposure.
With possible seasonality in mind, I check robustness to adding month-of-birth fixed effects

(i.e., for being born in January, February, etc).

13T reset these values to missing in the small number of cases (708) in which they are negative.

14T multiply these values by “-1” in the small number of cases (155) in which they are negative.

15T set weekly earnings to missing if they exceed 10,000.

16Instead of coding the running variable to be 0 for March 1933, 1 for April 1933 etc, I code it to be -0.5
for March 1933, 0.5 for April 1933 etc. Following Dong (2015), this lessens any bias associated with using
local linear regression with a running variable that is a rounded version of a continuous variable (i.e., birth
month versus date of birth). In practice, the estimates are very similar across the two coding schemes.



The L2 data contain individual-level observations. For outcomes derived from these data
I use a two-step approach. First, I construct mean outcomes by cohort by averaging outcomes
across individuals and years within cohorts. Second, I estimate versions of equation (1) with
these cohort-level outcomes as the dependent variable (i.e., using the methods described
above). A cohort-level approach applied to both sets of outcomes simplifies the exposition at
little cost. That is because estimates obtained from these second-step cohort-level models are
very similar to those obtained when equation (1) is estimated using individual-level data.!”
In addition to checking robustness to adding month-of-birth fixed effects I check robustness
to an alternative first-step procedure in which I extract the estimated cohort fixed effects
from an individual-level regression that relates the relevant outcome (e.g., earnings) to these
cohort fixed effects, year dummies and a polynomial in age.

Equation (1) can be viewed as a linear approximation to the unknown relationship be-
tween outcome and cohort; the OLS estimator of 77 can be viewed as a local linear regression
(LLR) estimator with a uniform kernel function. Rather than focus on estimates at particular
bandwidths believed to be optimal, I construct graphs that display estimates for bandwidths
ranging from one to seven years. This illustrates the extent to which estimates are sensitive
to bandwidth choice and preserves the simplicity and transparency of the LLR approach
(Cattaneo et al., 2019)."® T report robust standard errors but also construct “honest confi-
dence intervals” that account for the potential bias implied by the nonparametric regression
approach (Kolesdr and Rothe, 2018).' These bias-aware confidence intervals are wider than
standard confidence intervals but ensure correct coverage provided the true relationship be-
tween Y, and R, belongs to a class of smooth functions with curvature less than some value
K. T choose K using the rule-of-thumb suggested by Noack and Rothe (2019).%°

C: Validity

To validate the regression discontinuity approach, I check there is no discontinuity in the
size of the underlying population as measured by the number of 1991 Census respondents
(Figure F1).

I"The estimates are numerically identical when the cohort-level models are weighted by cohort size. Although
I report unweighted estimates, cohort size exhibits little variation (Figure F1) and weighted estimates
(available on request) are very similar.

18In addition, standard approaches for finding MSE-optimal bandwidths assume that the running variable
is continuous (Cattaneo et al., 2019).

19T base these honest confidence intervals on robust standard errors. While this is more conservative than
necessary (see footnote 16 of Kolesdr and Rothe (2018)), the alternative nearest-neighbor standard error
estimators are not valid given one observation per value of the running variable (i.e., the case here).

20This involves estimating a global second-order polynomial and choosing K to be twice as large as the
maximal curvature found in the data.



4 Results

I now examine how exposure to the compulsory school reform impacted labor market out-

comes. I then relate my findings to the wider literature.

A: Labor Market Activity

Figure 2 plots labor force participation, unemployment and self-employment rates by cohort.
These graphs - which are based on population data - suggest that exposure to the compul-
sory schooling reform had little impact on these outcomes. This impression is confirmed
by regression discontinuity estimates of exposure impacts. Across a range of bandwidths,
these estimates are small and statistically indistinguishable from zero. For example, using a
bandwidth of one year, and for both men and women, I can rule out labor force participation
increases and unemployment decreases of one percentage point.

For another estimate of the impact of reform exposure on labor market activity, I examine
the probability of being observed with positive earnings in the L2 data. To this end I pool
observations across individuals and years within a given cohort (e.g., turned 14 in April
1947) and calculate the fraction of these observations with positive weekly earnings. I then
estimate effects on this fraction. Consistent with the Census-based analysis I obtain small

point estimates and can never reject zero impacts (Figure F2).

B: Farnings

Since I find no evidence to suggest that the compulsory school reform impacted labor
market activity, I restrict the L2 sample to observations with positive weekly earnings. I
then proceed in two steps. First, I calculate cohort means for three earnings measures: log
weekly earnings, log annual earnings and log annual earnings among full-time workers (i.e.,
the subsample of annual earnings records for which “weeks worked” exceed 40). Second, I
estimate impacts on these outcomes of exposure to the compulsory schooling reform.

In the top row of Figure 3 I plot log weekly earnings by cohort and gender.?! As expected,
later-born cohorts earn more than earlier-born cohorts. This is because these cohorts are
observed in the labor market between ages 38 and 60 (i.e., on the flat part of the earnings-
experience profile), when age effects (a given cohort earns more as they age) are dominated
by cohort effects (later-born cohorts earn more at a given age). We do not see any obvious
discontinuity in earnings at the April 1947 cutoff.

In the bottom row of Figure 3 I plot estimated exposure impacts at every bandwidth from

one through seven years. I also plot conventional 95% confidence intervals (based on robust

21The outcomes for the pooled sample (“Both”) are estimated cohort fixed effects from first-step regression
models that include a gender dummy and these fixed effects. These models use cohorts born 1925-1940.



standard errors) and “honest” (bias-aware) 95% confidence intervals (Kolesdr and Rothe,
2018). For men, across all bandwidths, the estimates are close to zero and conventional
confidence intervals reject effects on the order of 2%. Honest confidence intervals yield
slightly larger upper bounds at small bandwidths and much larger upper bounds at larger
bandwidths. For women the estimates are slightly larger but less precise, presumably because
hours and weeks worked are more variable (because of part-time work). The pooled estimates
are again close to zero, and effects on the order of 2-3% can be ruled out.

Table 2 examines the robustness of these estimates to specification choices. In column
(1) I report a selection of the estimates displayed in Figure 3 (at bandwidths of two, four and
six years). To avoid cluttering the Table I report robust standard errors but not honest con-
fidence intervals.?? In column (2) I report the estimates obtained after the outcome has been
regression adjusted for age. In column (3) I report the estimates obtained from a specifica-
tion that includes month-of-birth fixed effects. In column (4) I report the estimates obtained
after removing the first cohort exposed to the reform.?* As discussed in the next section,
this addresses the possibility that schools adjusted to the reform slowly. The estimates are
broadly robust to all of these choices. For example, focusing on the pooled estimates, and
looking across all three bandwidths, estimates range from close to zero to around 1%. The
same patterns emerge when I study annual earnings rather than weekly earnings (Figure F4
and Table F1) and when I restrict the sample to full-time workers (Figure F5 and Table F2).

C: Wealth

Finally, since the preceding analyses do not cover outcomes realized before age 38, I estimate
impacts on wealth as measured by home ownership. If exposure to the compulsory schooling
reform impacted early-career outcomes and earnings, we might expect to find impacts on
various proxies for wealth. Instead, I estimate precise zero impacts on this outcome (Figure
F6).2* These estimates are therefore consistent with those for labor market activity and
earnings. Taken together, they suggest that exposure to the compulsory schooling reform

had minimal impacts on subsequent labor market outcomes.

D: Relation to literature

This paper builds on a large literature that estimates the economic return to a year of

schooling. As noted by Card (2008), these estimates range between 5% and 15%. In contrast,

22Figure 1 shows the relationship between robust standard errors and honest confidence intervals at different
bandwidths; those relationships are robust to other specifications used in Table 2.

23 At a two-year bandwidth these estimates are imprecise and hence not reported.

24(Clark and Cummins (2020) estimate zero impacts on housing values as measured by average prices in the
areas in which individuals lived in 1999.
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after converting the reduced-form estimates reported above into estimates of the return to
schooling, I can never reject a zero return to schooling and can reject returns above 5%.2°

My estimates are also smaller than those reported in prior studies of this compulsory
schooling reform (e.g., Oreopoulos (2006, 2008); Devereux and Hart (2011)).26 For example,
Devereux and Hart (2011) estimate returns for men on the order of 4-7%. These estimates
are based on a “global polynomial” approach to regression discontinuity estimation in which
a fourth-order polynomial in birth cohort is fit to a large range of data (birth cohorts 1921-
1951). Gelman and Imbens (2019) criticize this type of approach and argue that it yields
estimates that are sensitive to polynomial specification and confidence intervals that do not
achieve nominal coverage.

In Appendix C I consider this prior work in more detail. First, I show that key estimates
are indeed sensitive to alternative sample and specification decisions. For example, using
GHS data and focusing on hourly earnings, Devereux and Hart (2011) estimate a return to
men close to 5%. I replicate this estimate and then split their sample into two groups: those
that left school at age 15 or below and those that left school at age 16 or above. Since the
reform did not impact the probability of staying in school beyond 15, we would expect any
impacts of the reform to be concentrated among the first group, and we would not expect to
see any impacts among the second group. Instead, I estimate a close to zero impact among
the first group and a much larger impact among the second group. I also follow Dolton and
Sandi (2017) and show that these estimates are sensitive to polynomial choices.?”

Second, as another illustration of the Gelman and Imbens (2019) critique, I show that
the data used here can also yield positive and statistically significant returns when a global
polynomial approach is applied.?® Third, I show that local linear methods applied to data

used in prior studies generate imprecise estimates — a reflection of the small samples involved.

25To estimate this return (denoted f31), I divide the reduced-form estimate (1) by the first-stage estimate
2
(71). By the delta method, Var(f:) = Var(m)%2 - 2C’0v(51,7r1)% + Var(’yl):—i. This simplifies to
Var(m),y—l2 if the reduced-form and first-stage estimates are obtained from independent samples and if the
1

reduced-form estimates are small relative to the first-stage estimates (as in this case). Table Bl reports
first-stage effects around 0.5, but these will be biased down by measurement error in self-reported “age
left schooling” (Bingley and Martinello, 2017; Kane et al., 1999). Since Figure 1 suggests compliance of
around 85% among the 70% of students that attended lower-track schools, a first-stage effect around 0.6
is more plausible. Combined with a reduced-form estimate (standard error) of 0.006 (0.014) - see Table 2,
panel C, column 1 - this implies an estimated return (standard error) of 0.01 (0.023) and rules out returns
larger than 5.5%.

26These papers build on Harmon and Walker (1995).

2TFor example, as noted above, the 5% return estimated for men is based on a fourth-order polynomial in
birth cohort. If a second- or third-order polynomial is used instead, the estimate is only half as large.

28For example, if I aggregate the L2 data to the year of birth level, use data covering 30 years and estimate
RD models that include fourth-order polynomials, I obtain estimates (standard errors) of 0.037 (0.015)
and 0.012 (0.006) when I do and do not interact the polyomial with the reform dummy.

11



In summary, a key feature of the analyses presented here is that they leverage new datasets
that contain large samples and information on birth month. This allows me to sidestep
problems with the global polynomial approach and estimate local linear models using data

much closer to the cutoff.

5 Interpretation

In principle, the additional schooling have improved students’ labor market productivity and
yet failed to improve the main outcomes studied here. As discussed in Appendix D.2 however,
there is little support for mechanisms that could underpin this story (e.g., rigid wages or
general equilibrium effects). Instead, the more plausible explanation is that the additional
schooling did little to improve students’ labor market productivity. This is consistent with
the results presented above. It is also consistent with evidence on skill use. In particular,
using occupation recorded on the 1991 Census and measures of skill use employed by Autor
et al. (2003), I find little evidence that exposure to the reform altered skill use in ways that
might be associated with higher productivity (see Appendix D.1).? Turning to why the
additional schooling failed to improve productivity, I conclude this is likely attributable to
the low quality of the (lower-track) schooling induced by this reform. I draw this conclusion

after considering three dimensions of this schooling: resources, curriculum and incentives.

A: Resources

As seen in panel B of Table 1, lower-track students were taught in relatively large classes.
For example, on the eve of reform (January 1947), 32% of lower-track classes contained
over 35 students (versus 5% for higher-track classes). Lower-track classes were also taught
by relatively inexperienced teachers. For example, during this period, fewer than 10% of
lower-track teachers had a university degree (versus 80% in higher-track schools).?’ These
differences in class size and teacher characteristics likely mirror other resource differences
(e.g., in buildings, books and equipment). For example, over the period 1946-1955, expen-
diture per year on the average lower-track student was estimated to be around 37% of that
on the average higher-track student. (Vaizey, 1958, p.102)

Note that my results cannot be explained by a drop in resources driven by the reform

itself. First, qualitative and quantitative evidence suggests that resources quickly adjusted

PFor example, while Autor et al. (2003) argue that more-educated workers will hold comparative advantage
in nonroutine versus routine tasks, I find little evidence that reform exposure led workers to perform more
nonroutine tasks.

30These statistics were not collected after the War and hence these numbers refer to 1938. But there is no
reason to expect the pattern to differ after the War. The typical lower-track teacher attended a higher-track
school and then completed a two-year teacher training course (McNair, 1944).
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to the increased enrollment. For example, class size increased only slightly.3! Second, if the
adjustment was slow, we would expect the drop in resources to be felt most strongly by the
first cohort of students exposed to the reform. In fact, estimates are robust to dropping this
cohort (see column (4) of Table 2).

B: Curriculum

Curriculum decisions were made by schools but constrained by government guidance and
regulations. This guidance encouraged lower-track schools to provide education with a “prac-
tical bias” and discouraged them from providing traditional academic courses (i.e., oriented

32 All schools were prohibited from

to specific subjects and potentially leading to exams).
providing narrowly vocational courses. The available evidence is consistent with lower-track
schools providing this type of practical education. First, I estimate that exposure to the
compulsory schooling reform had no impact on the probability of receiving any academic
or vocational qualifications (Appendix E.1). Second, official statistics suggest that the vast
majority of lower-track schools provided courses in practical subjects (Appendix E.2). Third,
newspaper articles and official reports provide numerous examples of lower-track school cur-

ricula including a significant practical component (Appendix E.2).

C: Incentives

Theoretical models suggest that when firms lack productivity information, students in tracked
school systems will face weak incentives to exert effort (MacLeod and Urquiola, 2013). These
incentives will be further weakened when, as in the setting studied here, the lower-track cur-
riculum yields no external measures of student performance (e.g., test scores or exam results).
These incentives could be yet further weakened if assignment to lower-track education demo-
tivates students by lowering their self-esteem and reducing their perceived returns to study
effort (Gamoran and Berends, 1987). Evidence on these points is hard to obtain, but we
know that lower-track students completed little if any homework (Appendix E.3). To the
extent that this reflects a weak demand for homework, it is consistent with weak incentives

for effort.

D: Summary

With this discussion in mind, it seems plausible to suppose that the low quality of this

additional schooling can explain why it failed to improve labor market productivity and later-

31 Average class size in lower-track schools is 31.2 in 1947 (as shown in Table 1), and then 33, 32.6, 32.1 and
31.7 in 1948-1951 (figures from the relevant Ministry of Education Annual Reports).
32For example, lower-track schools were expected to provide “a good all-around secondary education, not

focused primarily on the traditional subjects of the school curriculum, but developing out of the interests
of the children.” (HMSO (1947), p.29).
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life outcomes. This is consistent with evidence on the relationship between school quality
and these various inputs.®® It is also consistent with key differences between this schooling
and schooling that appears to have generated larger labor market returns. In particular,
while compulsory schooling reforms in Sweden and Norway were associated with returns of
around 5% and 10% (see Meghir and Palme (2005) and Aakvik et al. (2010) respectively),
these reforms also detracked these school systems. Since Aakvik et al. (2010) suggest that
the additional schooling likely improved on the lower-track schooling that preceded it, the
additional schooling likely differed from that studied here.3*

6 Conclusion

I study a compulsory schooling reform that yields arguably the best approximation yet found
to large-scale experimental variation in schooling. I find that the schooling induced by this
reform did little to advance students’ labor market prospects. Based on a characterization
of this schooling in terms of resources, curriculum and incentives, I conclude that these low
returns are likely attributable to the low quality of this schooling. One caveat to this con-
clusion is that I cannot rule out that these low returns reflect some particular characteristics
of the affected students and would be invariant to the type of schooling received. However,
unless 80% of the British population could not have benefited from any schooling beyond
age 14, at a time when around 60% of the US population graduated from high school (Sny-
der, 1993, Table 19), these findings must reveal more about the schooling provided than the
students that received it.

To the extent that my findings are attributable to the content of the additional schooling
involved, they illustrate the connection between the return to schooling and its content.
Card and Krueger (1996) model this connection and it is explicit in many studies of the
relationship between schooling returns and educational inputs (e.g., Jackson et al. (2016);
Deming et al. (2016)). This connection - and the fact that education systems differ greatly
across countries - implies that we would not necessarily expect the returns to schooling
estimated in one setting to be the same as those estimated in another.?® Ideally, future
research will contribute to an evidence base of estimated returns that can be linked to

specific features of a country’s education system. This can complement research that is

33See Jackson (2018) on resources, Altonji et al. (2012) on curricula and Deming et al. (2016) on incentives.

34]deally, higher-track schools would also provide a point of comparison. However, since very few higher-track
students dropped out at age 14, returns cannot be calculated.

35Card and Krueger (1992) document heterogeneous returns across US states at a single point in time and
for a specific group (white males - see Table 2). We would expect even more variation across countries and
time periods.
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focused on specific settings and intended to shed light on the impacts of specific educational
inputs (e.g., resources and accountability).

With this agenda in mind, an important hypothesis that emerges from this analysis is
that returns will be low when schooling is characterized by features associated with lower-
track education. These are said to include low teacher expectations leading to less rigorous
curricula, low student self-esteem leading to reduced effort and an inequitable distribution of
resources that exposes lower-track students to large classes and less-effective teachers (Oakes,
2005; Gamoran and Berends, 1987; Gamoran, 2010). This hypothesis connects the analysis
presented here to debates about tracking, specifically the claim that lower-track schooling
will inevitably be low-quality schooling. The analysis presented here is consistent with that
claim, but evidence from other settings would help to determine whether this is a broader

phenomenon.
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Table 1 Descriptive statistics for cohorts born 1930-1933

Panel A: Family background, educational attainment and labor market outcomes

Lower-track Higher-track Other All
N 1034 284 188 1506
Family background
Male 0.50 0.40 0.44 0.47
Professional 0.17 0.50 0.60 0.28
Skilled manual 0.52 0.39 0.28 0.46
Semi-skilled manual 0.32 0.10 0.13 0.25
Educational attainment
FEarned School Certificate 0.01 0.52 0.39 0.17
Apprenticeship 0.10 0.05 0.06 0.09
Attended College 0.04 0.14 0.24 0.09
Attended University 0.01 0.19 0.17 0.06
Labor market outcomes
Labor force participation 0.82 0.78 0.77 0.80
Unemployment 0.03 0.02 0.01 0.02
Self-employment 0.10 0.14 0.14 0.11
Annual earnings (GBP 2020) 17,434 23,801 27,212 19,704
Occupation: Professional 0.10 0.27 0.32 0.16
Occupation: Intermediate 0.22 0.52 0.48 0.31
Occupation: Skilled manual 0.33 0.13 0.12 0.27
Occupation: Semi/unskilled manual 0.35 0.07 0.09 0.26

Panel B: Class size and teacher characteristics

Lower-track Higher-track Other All
Average class size 31.2 27.4 n/a n/a
% classes with >30 students 56.8 40 n/a n/a
% classes with >35 students 31.7 5.5 n/a n/a
% teachers with university degree 7.1 78.4 n/a n/a

Notes: Panel A uses GHS data (1972 and 1973 waves). See Appendix A.2 for more details on these
data and the definitions used to construct the table. Panel B uses class size data from the Ministry
of Education Annual Report 1947 (Table 10). These statistics refer to class size in January 1947.
Panel B uses teacher characteristics from the Board of Education Annual Report 1938 (Tables 8 and

10). These statistics refer to teacher characteristics in March 1938 (this series was not continued
after the War).
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Appendix A. Additional Data Detalils

A.1: Administrative Enrollment Data

Panel A of Figure 1 uses data from Ministry of Education Annual Reports (1946-1951)
and Board of Education Annual Reports (1928-1938). The tables in these Reports provide
information on enrollment by age and school type, and estimates of the relevant population.
I now describe how Figures 1i-1iii are constructed.

Figure 1i

To construct Figure 1i, I classify the population of 13 year olds into three groups:

o Lower-track students: in the period 1946-1951 these are students attending All-Age
and Secondary Modern Schools; in the period 1928-1938 they are students attending
Elementary Schools maintained by Local Education Authorities in England and Wales.

o Higher-track students: in the period 1946-1951 these are students attending Secondary
Grammar Schools; in the period 1928-1938 they are students attending Grant-Aided
Secondary Schools.

e Other: these are students attending neither lower- nor higher-track schools as defined
above (i.e., the estimated 13 year old population less lower-track and higher-track
students). The majority of this group will attend private schools.!

Figures 1ii and 1iii

To construct Figures 1ii and 1iii I calculate track-specific dropout rates separately for the
periods 1946-1951 and 1928-1938. I now describe these two sets of calculations.

Ministry of Education Annual Reports (1946-1951)

The tables in these reports provide information on students enrolled in January of each
year. I use this information to construct the fraction that drop out at age 14 in 1946 (for

example) as follows:
#14 jan1947

B #13Jan1946

n the period 1928-1938, the public (i.e., state) schools in this group include Non-Local Public Elementary
Schools, Certified Efficient Public Elementary Schools, Certified Special Public Elementary Schools, Junior
Technical Schools (including Junior Technical and Commercial Schools, Junior Housewifery Schools, Junior
Departments in Art Schools and Schools of Nautical Training - see footnote to Table 2, Board of Education
Annual Report 1938), Pupil-Teachers in Centres, Rural Pupil-Teachers and Nursery Schools. Combined,
these schools likely enrolled less than 2% of the relevant age group. I include this group in the “other”
category since I do not have information for them on the number of students enrolled by ages 14-14.25,
14.25-15, etc (e.g., see Table 6, Board of Education Annual Report 1938). In the period 1946-1951, the
public schools in the “other” group include Secondary Technical Schools (the successors to Junior Technical
Schools) and various types of special schools. Direct Grant schools are included in the “other” category
throughout the period (these were private schools before 1946 and public schools after 1946).

14 _
D1946 =1




The denominator in the second term on the right-hand side is the number of students aged
13 enrolled in January 1946. These students turned 14 in 1946 and could have left school at
the end of the term in which they turned 14 (i.e., Easter 1946, summer 1946 or Christmas
1946). The numerator in the second term on the right-hand side is the number of students
aged 14 in January 1947. Hence under weak assumptions the second-term is the proportion
of students that enrolled in school beyond the minimum leaving age and Dig,s is the fraction
that dropped out at 14 (i.e., at the minimum leaving age) in 1946.% 1 calculate Dig,s and
D15, in an analogous way: as the fraction of students aged 13 in January 1946 that left
school by age 15 or by age 16.

Board of Education Annual Reports (1928-1938)

The tables in these reports provide information on students enrolled on 31st March each
year. This presents a slight complication, since a subset of the students aged 13 on March
31st 1937 (for example) will not have reached the minimum school leaving age by March
31st 1938. Specifically, whereas students that turned 13 between April and December 1936
will have reached the minimum school leaving age by 31st March 1938, students that turned
13 between January and March 1937 may not have done.?

To deal with this problem I calculate the dropout rate at age 14 in 1937 (for example)
for the students that were aged 13 on March 31st 1937 but that turned 13 between 1st April
and 31st December 1936. Specifically, I calculate it as:

#[14.25 — 15] parch193s
0.75 * #13amarchio3r

The numerator of the second term on the right-side is exactly the one I want: the set of
students enrolled in March 31st 1938 aged between 14.25 and 15 (i.e., turned 13 between
Ist April 1936 and 31st December 1936). The denominator in that term is an estimate of
the total number that turned 13 between 1st April 1936 and 31st December 1936.* The
assumption here is that the dropout rate among students that turned 13 between April 1936
and December 1936 is the same as the overall dropout rate among students that turned 13
in 1936.

Note that the number of 14 year olds in higher-track schools is not broken into the
number aged between 14 and 14.25 and so on. I therefore calculate dropout for these schools
using the full March enrollment counts. This will understate the dropout rate if the relevant
denominator includes students yet to reach the minimum schooling age, but there is no
such difficulty for Ministry of Education or GHS data and higher-track dropout rates are
consistently low. Note that this problem does not affect the calculation of dropout by ages 15
and 16, since students at these ages have passed the minimum leaving age and can drop out
at any time. I therefore calculate D15, and DiS,. using the full March enrollment counts.

14 _
D1937 =1-

2The key assumption is that 13 year old students did not continue their education in different types of
school. This is consistent with the data. For example, of the lower-track students that left school in 1938
aged between 14 and 14.25, only 287 (less than 0.1%) switched to a higher-track school (Table 7, Board of
Education Annual Report 1938).

3They will have reached it at the end of the term at which they turn 14, likely April 1938.

4Enrollment in these tables was reported for ages 14-14.25 etc but not ages 13-13.25 etc.



A.2: GHS Data

The General Household Survey (GHS) was conducted every year between 1971 and 2007
(except 1997-1998 and 1999-2000). It was based on a random sample of around 13,000
households in Great Britain. I use GHS data to construct Table 1 panel A, Figure 1 panel
B and Table B1.

Table 1 (panel A)

I use the 1972 and 1973 waves (the only ones that contain information on school type). 1
keep respondents that were born in England and Wales and turned 14 in the three years
before the 1947 reform.® T classify schools as follows (the % refers to this sample):

e Lower-track schools: Elementary including All-Age (52.35%) Central /Intermediate/Higher-
Grade (3.72%), Secondary Modern (11.61%).

e Higher-track schools: Grammar (18.84%).

e Other: Comprehensive (0.16%), Private including Direct Grant (7.45%), Technical
(2.25%), Other (3.61%).

Figure 1 (lower panel) and Table B1

The samples used here differ in two ways from those described above. First, I relax the
requirement that individuals turned 14 in the three years before the reform, Second, I restrict
to individuals surveyed in the 1973 wave (since the 1972 wave lacks information on birth
month).

A.3: L2 Data

I obtained these data from the Department for Work and Pensions. The L2 data are drawn
from the National Insurance Reporting System (NIRS). This is used to track National In-
surance contributions and calculate entitlement to various National Insurance benefits. A
person enters NIRS when they receive a National Insurance number. This usually occurs au-
tomatically, when they turn 16. If the number is assigned later (e.g., because the person is a
migrant), the data are back-filled to age 16. Weeks employed are defined as employments for
which an employer paid National Insurance Contributions (“Class 1 employments”) hence
they exclude those that generated pay below the lower earnings limit. Weeks employed are
capped at 52 in the L2 data (although they could exceed 52 if employments run concurrently).
The earnings measure excludes employer pension contributions.

5Since the 1972 wave does not contain birth month, I include respondents surveyed before April and aged
39-41 or surveyed after March and aged 40-41.



Appendix B: Track Composition of Affected Students

In Table B1 (below) I report regression discontinuity estimates of the impacts of the com-
pulsory schooling reform on the probability that respondents left school aged 14 or below.
For completeness I also examine total years of schooling measured as age left school. T re-
port estimates for the full sample and two subgroups defined by the type of school attended:
lower-track schools and other types of schools (i.e., higher-track or “other” schools as defined
in Appendix A.2). The estimates are obtained from least-squares estimation of equation (1)
in the paper, where Y is the relevant outcome (e.g., left school at age 14 or below) and R is
cohort defined by month turned 14. I use the sample described in Appendix A.2. I report
estimates for bandwidths of 2 years, 4 years and 6 years.

The Table reveals three main findings. First, the reform is estimated to have reduced the
overall fraction that left school by age 14 by around 45-50%, with no evidence that the reform
“spilled up” the education distribution. This mirrors prior findings from this literature (e.g.,
see Table 2 of Clark and Royer (2013)). Second, among students that attended lower-track
schools, the reform is estimated to have reduced the fraction that left school at age 14
by around 65-70%, again with this effect commensurate with the effect on total years of
schooling (i.e., no spillovers). Third, among students that attended other types of schools,
the reform is estimated to have reduced the fraction that left school at age 14 by around
5-8% (on the margins of statistical significance).5 These last two findings are consistent with
the patterns seen in Figure 1.

I use the estimates reported in Table B1 to calculate the proportion of respondents af-
fected by the reform that attended lower-track schools. That is, the proportion of “compliers”
that attended lower-track schools. Let C; = {0,1} and L; = {0, 1} be indicators for whether
a GHS respondent was a complier with respect to the compulsory schooling reform and

whether a respondent attended a lower-track school respectively. I then calculate this pro-
ti P(L; =1|C; = 1) = P(Ci=1|Li=1)P(Li=1) _ P(Ci=1|L;=1)P(Li=1)
portion as i = i = 1) = P(Co=1) = BC=L=D)P(Li=D)+ P(Co=1]L,=0)P(L:i=0) "

Using Y%, |8 | and |B1—o| to estimate P(L; = 1), P(C; = 1|L; = 1) and P(C; = 1|L; = 0),
the estimated proportion is 0.959 and the associated standard error is 0.0199. This calcu-
lation is based on the estimates associated with a bandwidth of 6 years (i.e., column (5) of
Table B1); I obtain the standard error by bootstrapping the whole procedure (using 5000
replications).

6Separate estimates for higher-track and “other” schools (available on request) are similar, but imprecisely
estimated on account of the small sample sizes.



Table B1 Impacts of compulsory schooling reform on age left school

Bandwidth: 2 Years Bandwidth: 4 Years Bandwidth: 6 Years
Left<= 14 Years of Sch. Left<=14 Years of Sch. Left<=14 Years of Sch.

Panel A: Full sample

Reform 0.4B0FFE0.443FF  0.44DFFF QABTRRE 0.482FFK (502K
(0.055) (0.163) (0.037) (0.114) (0.029) (0.090)
Observations 1003 1003 2106 2106 3267 3267

Panel B: Attended lower-track schools

Reform S0.627FFF QB92FFF L0.637FFE 0.654%FF  L0.665FFF  0.665%F
(0.057) (0.088) (0.039) (0.066) (0.030) (0.048)
Observations 679 679 1461 1461 2287 2287

Panel C: Attended higher-track or other schools

Reform -0.051 0.160 -0.057 0.143 -0.060 0.048
(0.057) (0.360) (0.040) (0.252) (0.032) (0.195)
Observations 324 324 645 645 980 980

Notes: For selected bandwidths (2 years, 4 years and 6 years), the table displays regression dis-
continuity estimates (robust standard errors) of the impacts of the compulsory schooling reform on
the probability of leaving school by ages 14 and on years of schooling. The estimates come from
least-squares estimation of equation (1) in the paper. These estimates use GHS data (1973 wave) -
see Appendix A.2.



Appendix C. Prior Literature

In this Appendix I survey the prior literature and compare my findings to those reported in
prior studies. Oreopoulos (2006) was the first paper to use regression discontinuity methods
to estimate the impacts of the compulsory schooling reform. Using a sample of General
Household Survey (GHS) data that pooled men and women, his preferred specifications
implied that an additional year of schooling induced by this reform increased earnings by
8-15% (Oreopoulos, 2008).” Devereux and Hart (2011) used GHS data to replicate the
Oreopoulos (2008) estimates. They argued that these estimates masked important differences
between the impacts on men and women. For women, Devereux and Hart (2011) found no
statistically significant impacts in earnings. For men, they found statistically significant
impacts on the order of 4-7%. They also reported similar estimates based on the New
Earnings Survey Panel Dataset (NESPD), a 1% sample of the British population.

To help reconcile these findings with mine, I start by replicating the Devereux and Hart
(2011) GHS estimates. I focus on the “reduced-form” estimates and report these in Table C1
(below).® The different columns (“Left<=15" and “Left>=16") correspond to two subsets
of the full sample: those that left school at age 15 or below and those that left at age 16
or above. The different panels correspond to different polynomial specifications. For the
two outcomes considered (Log Hourly Earnings and Log Weekly Earnings), the estimates
reported by Devereux and Hart (2011) are those corresponding to the “Full sample” and
“Panel C: 4th-order polynomial”. Looking across the columns, we see that these estimates
are larger among students that left at age 16 or above than among student that left at
15 or below. Since the reform did not impact the probability of staying in school beyond
15 (see Table B1), this is the opposite of what we would expect. Looking down the rows,
we see that estimates are sensitive to polynomial choices (e.g., compare the “Full Sample”
estimates in panels B and C), as Dolton and Sandi (2017) have already shown. Finally, note
that the reported standard errors are clustered by year of birth - a common practice but one
criticized by Kolesar and Rothe (2018) - and that robust standard errors are around 30%
larger than these. With all of this in mind, I conclude that these estimates do not provide
robust evidence that the compulsory schooling reform improved earnings among men.

The NESPD is not publicly available and hence it is not easy to replicate the NESPD
estimates reported by Devereux and Hart (2011). However, these estimates are smaller than
their GHS estimates, albeit still statistically significant. They are also based on the same
specification and hence subject to the same concerns about the global polynomial approach
(Gelman and Imbens, 2019). As another illustration of the limitations of this approach - and
an attempt to reconcile my findings with these NESPD estimates - I fit these models to my
L2 data (i.e., I aggregate to year of birth and fit high-order polynomials to data covering 30
birth years). Despite the impression given by Figure 3, these estimates are often positive and
sometimes statistically significant. For example, focusing on log weekly earnings, excluding
the partially-treated cohort born in 1933 and using second- through fifth-order polynomials

"An earlier paper by Harmon and Walker (1995) documented the existence of the 1947 reform and a later
1972 reform that increased the minimum leaving age from 15 to 16. Using instrumental variables methods
to exploit both reforms, they estimated earnings returns on the order of 15%. Card (1999) argued that
these estimates were based on strong assumptions about the age profile of earnings.

8Their code can be found on the Economic Journal website.



Table C1 Devereux and Hart (2011): Sensitivity to sample and specification

Log Hourly Earnings

Log Weekly Earnings

Full sample Left<=15 Left>=16 Full Sample

Left<=15 Left>=16

Panel A: 2nd-order polynomial

Reform 0.010 0.001 0.015 0.021 0.019 0.001

(0.011) (0.013) (0.025) (0.012) (0.015) (0.027)

Observations 46995 29828 17167 46995 29828 17167
Panel B: 3rd-order polynomial

Reform 0.011 -0.010 0.019 0.013 0.002 -0.001

(0.012) (0.014) (0.024) (0.015) (0.017) (0.026)

Observations 46995 29828 17167 46995 29828 17167
Panel C: 4th-order polynomial

Reform 0.022 0.004 0.050 0.032* 0.022 0.039

(0.013) (0.015) (0.032) (0.014) (0.018) (0.030)

Observations 46995 29828 17167 46995 29828 17167
Panel D: 5th-order polynomial

Reform 0.022 0.008 0.058 0.032* 0.026 0.047

(0.015) (0.016) (0.034) (0.015) (0.020) (0.030)

Observations 46995 29828 17167 46995 29828 17167

Notes: The table reports estimates of the impacts of the compulsory schooling reform on log
hourly earnings and log weekly earnings. The estimates in Panel C under “Full Sample” are
based on the same sample and specification used by Devereux and Hart (2011) and hence are
identical to those reported in that paper. Starting from this sample and specification, the
estimates in other panels come from changing the order of the polynomial used to control for
cohort. The estimates in the other columns come from splitting the sample into respondents
that left school at age 15 or below and respondents that left school at age 16 or above.



in birth year, I obtain estimates (robust standard errors) of 0.015 (0.006), -0.001 (0.006),
0.012 (0.006) and 0.013 (0.007). If I interact these polynomials with the reform dummy, I
obtain estimates (robust standard errors) of 0.003 (0.007), 0.013 (0.013), 0.037 (0.015) and
-0.020 (0.019).

Finally, in Appendix C of their paper, Clark and Royer (2013) also used GHS data to
estimate the earnings impacts of the compulsory school reform. They used only GHS waves
that contained information on birth month and implemented a “local linear” approach. They
reported positive and statistically significant earnings estimates for men, although these were
noisy and sensitive to the outcome and the sample used. For example, as seen in panel A of
Appendix Table C1 of their paper, the estimate (robust standard error) is 0.028 (0.03) when
the outcome is log hourly earnings and the sample is restricted to those working normal
hours (35-50 hours per week). This sensitivity is a possible reflection of the fact that this
sample covers the years 1986-1995, when the cohorts born around 1933 are aged 55-65 and
gradually withdrawing from the labor force.

In another attempt to apply a local linear approach to GHS data, I obtained data from
the 1973-1976 waves. These do not include information on weekly or hourly earnings and
have not been used in any prior studies of the reform. They do however include birth month
and information on annual earnings (from the prior year). This facilitates an analysis that
is based on local linear methods and that uses earnings measured when the relevant cohorts
were in their 40s. The estimates are noisy (the sample is relatively small), but are consistent
with the schooling induced by the 1947 reform having close to zero impacts on earnings.
For example, using a bandwidth of 40 months on either side of the April 1933 threshold
(the same bandwidth used by Clark and Royer (2013)), my reduced-form estimate (robust
standard error) is 0.008 (0.027). More details are available on request.



Appendix D. Additional Discussion

I interpret my findings as suggesting that the additional schooling induced by the reform did
little to improve students’ labor market productivity. Consistent with this, I show in this
Appendix that the additional schooling had little impact on the types of skills actually used
on the job. I then consider and reject some alternative interpretatations.

D.1: Evidence on Skill Use

To investigate impacts on skill use, I use the occupational skill use measures first used by
Autor et al. (2003). The definitions and associated task interpretations are as follows:?

e DCP (Direction, Control and Planning): Measure of nonroutine analytic tasks.

EYEHAND (Eye Hand Foot Coordination): Measure of nonroutine interactive tasks.

FINGDEX (Finger Dexterity): Measure of routine manual tasks.

MATH (GED Math): Measure of nonroutine analytic tasks.

STS (Set Limits, Tolerances or Standards): Measure of routine cognitive tasks.

These measure various dimensions of skill use on a continuous scale from 0 to 10, where higher
numbers refer to more intensive use of the task. These measures are coded for the US 1980
Classification of 3-digit Occupations. I construct measures for the UK 1990 Classification of
3-digit Occupations using the crosswalks provided by Lambert and Prandy (2018). I then
construct averages of these measures by 2-digit occupation (available in the 1991 Census
data).

In Figure D.1 I plot these measures separately for men and women and by birth month
cohort. In Figure D.2 T plot RD estimates (and robust and honest confidence intervals)
of reform impacts on these measures of occupational skill. As in the main analysis, I use
bandwidths between 0 and 24 months. For both men and women, point estimates are small
(relative to the across-occupation variation in these measures reported on the graphs in
Figure D.2). Moreover, for none of these measures and for neither men nor women do we
see obvious impacts on these outcomes.

D.2: Alternative Interpretations

I now consider - and reject - two alternative interpretations.

Undetected impacts on productivity?

An alternative interpretation is that lower-track schooling could have increased productivity

without increasing earnings. This could be the case if wages were rigid. It could also be the
case if the compulsory schooling reform reduced the earnings return to additional schooling

9These are taken from Appendix 1 of Autor et al. (2003). More detailed definitions can be found there.
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(i.e., general equilibrium effects). Against rigid wages, I found no impacts on margins that
should be unaffected by wage rigidities (e.g., unemployment). Against general equilibrium
effects, different types of non-college workers are typically thought to be perfect substitutes
in production (e.g., Card (2009)), such that the wage return to lower-track schooling should
be unrelated to the fraction of students that leave at age 15 rather than age 14.

Undetected impacts on earnings?

It is also possible that the additional schooling had important earnings impacts that my
analysis failed to detect. This could be because positive returns to schooling were offset by
positive returns to experience (i.e., among workers of the same age, more schooling implies
less experience) or because I cannot observe workers before age 40 and hence could have
missed early-career impacts.'® Against the experience hypothesis, I look at workers in their
forties and fifties, likely on the flat part of their earnings-experience profile (Heckman et al.,
2008). Early-career impacts are hard to reconcile with the absence of any effects of the
reform on proxies for wealth such as home ownership.

OFor example, in a different context, Buscha and Dickson (2015) find that the returns to schooling vary over
the life-cycle.
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Figure D1 Compulsory schooling reform and skill use
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Notes: The graphs display cohort-specific average skill use as computed from the occupation
recorded at the 1991 Census. The sample includes only those born in England and Wales.
See text for definitions of skill use.
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Figure D2 Impacts of compulsory schooling reform on skill use
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Notes: See notes to Figure 3 (analogous to this Figure) for details of the estimates and
standard errors represented on this graph.
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Appendix E. The Content of Lower-Track Schooling

In this Appendix I provide additional details on the content of lower-track schooling.

E.1: Qualifications

I argue in the paper that lower-track schools provided education that was neither academic
(in the sense of being organized around specific subjects and oriented to external exami-
nations) nor vocational (in the sense of training students for particular types of jobs). In
support of this claim, I now show that the compulsory schooling reform had little impact on
qualification receipt.

I use data from the 2011 Census. The obvious disadvantage of these data is that the
relevant cohorts are in their late 70s by 2011. But the reform had no obvious impact on
mortality (Clark and Royer, 2013), and these data include detailed qualification information
for the entire population. I define academic and vocational qualifications as follows:

e Academic: 1 code respondents as having an academic qualification if they report having
a qualification in either categories 1 or 2 below.!! Since the only academic qualifications
available to students that left school in the late 1940s were School Certificates (O levels
were not introduced until the 1950s), I could have used category 2 only. T add category
1 in case respondents conflate School Certificate exams with O Levels.

1. 1-40 levels / CSEs / GCSEs (any grades), Entry Level, Foundation Diploma.

2. 54 O levels (passes)/CSEs (grade 1)/GCSEs (grades A*-C), School Certificate,
1 A level/ 2-3 AS levels/VCEs, Higher Diploma.

e Vocational: 1 code respondents as having a vocational qualification if they report having
a qualification in any of the following categories. Many of the qualifications included in
these categories were not established until well after the relevant cohorts left school, but
these categories should include any vocational qualifications that respondents might
have received as part of their studies.

1. NVQ Level 1, Foundational GNVQ, Basic Skills.

2. NVQ Level 2, Intermediate GNVQ, City and Guilds Craft, BTEC First/General
Diploma, RSA Diploma.

3. NVQ Level 3, Advanced GNVQ), City and Guilds Advanced Craft, ONC, OND,
BTEC National, RSA Advanced Diploma

4. Other vocational /work-related qualifications

Respondents were also asked whether they had received an Apprenticeship and whether
they had any higher-level academic qualifications (e.g., A levels, Degree) or professional
qualifications (e.g., teaching, nursing). To ensure that my definitions of academic and voca-
tional qualifications do not miss any impacts on these other types of qualifications I examine
four qualifications outcomes: having an academic qualification (as defined above), having a

HThese are the actual categories used on the Census form.
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vocational qualification (as defined above), having an apprenticeship and having no qualifi-
cations.

In Figure E1 (below) I plot these outcomes by cohort. These graphs suggest that the
compulsory schooling reform had little impact on qualification receipt. Regression disconti-
nuity estimates confirm this impression.'? It is striking that large fractions of the relevant
cohorts received no qualifications, especially since these numbers will understate the fraction
that received no qualifications in school (since some respondents will report qualifications
received later). Assuming that most higher-track students received some qualifications, it
follows that the vast majority of lower-track students earned no academic or vocational
qualifications in secondary school.

E.2: Official Statistics, Newspaper Reports and Official Reports

I note in the paper that lower-track schools were discouraged from providing traditional
academic courses and encouraged to provide education that was not vocational but that had
a “practical bias”. I now describe evidence consistent with these schools providing education
with a “practical bias”. This evidence comes from official statistics, newspaper reports and
official reports.

Official statistics

Before the War, Board of Educational Annual Reports contained tables documenting the
types of practical instruction provided by schools. Although these statistics were not con-
tinued after the War, it seems to reasonable to assume that the lower-track curriculum was
broadly stable over this period. According to the last table published before the War (Board
of Education Annual Report 1938, Table 18), only 10% of lower-track schools made no pro-
vision for practical instruction. Among the remainder that did, subjects included domestic
subjects, woodwork and metalwork, gardening, rural science, dairywork and arts and crafts
(described as “Bookbinding, Leatherwork and Weaving, etc”).

Newspaper reports

Evidence on the curriculum also comes from newspaper reports of the plans made for the
“extra year” of schooling resulting from the compulsory schooling reform. In particular, in
the months before the reform was introduced, the Times Educational Supplement reported
on the plans for the extra year being made by 26 local authorities around the country.®
The curriculum was mentioned in 16 of these 26 cases. The exact references are reproduced
below (in the order they appear in the newspaper):

o West Riding: “It has been decided that the curriculum during the extra year must be related to the previous three years work and that all

pupils shall have some experience in practical subjects, though courses in the arts, social studies, English, commerce, and Mathematics
will be arranged as required.”

12For some bandwidths these estimates reveal marginally significant positive effects on the receipt of academic
qualifications. However, the magnitudes are small (on the order of 0.005) and these estimates are sensitive
to bandwidth and specification choices (e.g., the inclusion of month-of-birth fixed effects). These estimates
are available on request.

13The Times Educational Supplement was a widely-circulated weekly newspaper aimed at teachers. These
reports can be found in the 27 March 1947 and 5 April 1947 issues.
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Figure E1 Compulsory schooling reform and qualifications received
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e Holland: “The curriculum will be left to the decision of the head masters concerned, but emphasis will be laid on practical subjects.
Preparations are being made in Secondary Modern schools for the development of technical subjects based on agriculture and the building
industries.”

o Kevesten: “A special sub-committee has recommended that the curriculum during the extra year should be flexible with no complete
break from previous years work”

e Derbyshire: “The instruction will include domestic subjects and the science of the countryside as well as normal school subjects”.

e Shropshire: “The curriculum is to be regarded as an extension of the three-year course with a desirable minimum of 3.5 days practical
work a week, including project work and outdoor activities.”

e Birmingham: “The secondary education sub-committee of the education committee suggests that the conception of the “young citizen”
might well inspire the modern school course, particularly in its last year, with particular reference to civic, practical subjects, and the
extended use of project methods.”

e Sheffield: “While it is not intended to give specific vocational training, the development of fundamental skills applicable to future careers
is covered.”

e Carnaervonshire: “Modern schools..will lay emphasis during the extra year on practical work closely integrated with the industrial life of
the particular school district.”

e Pembrokeshire: “The authority is now considering interim curriculum requirements, which will include practical and cultural subjects
with a “modern” approach.”

e Devon: “There will be no attempt to produce strictly vocational courses in the extended curriculum, but schools will be encouraged to
provide children with the broad general background they will need in their future work.”

e Cornwall: “..More teachers have been engaged to undertake the practical work planned for the extra curriculum.”
e Southampton: “..Head masters are considering the establishment of a course on such subjects as shop display and dressmaking.”
e Portsmouth: “..it is proposed to convert a number of air-raid shelters into workshops for practical work.”

e Kent: “No attempt will be made at vocational training for the extra year, but greater emphasis will be given to the practical side, with
an appreciation of craftsmanship and its importance to the community.”

o West Suffolk: “In rural schools practical courses in animal and plant husbandry are being arranged.”

o Norfolk: “The authority is investigating the possibility of starting one-month residential courses with an emphasis on practical subjects.”

Official Reports

Official reports provide additional clues as to the content of education provided by lower-track
schools. First, these reports consistently recommended that traditional subjects be abolished
and instead emphasized the importance of “practical bias”. Although they rarely provided
recommendations as to how practical bias should be incorporated into the curriculum, HMSO
(1947) described the “project method” as “one of the most promising lines of solution” (p.38).
Second, some official reports summarized schools inspectors’ descriptions of the curriculum
actually taught. For example, looking back at the curriculum followed during the “extra
year” of education introduced in 1947, HMSO (1948) provides the following summary:

Some schools sought to make the year profitable either by consolidating work
already done or by teaching new subjects and approaching old subjects in a
new way. Where schooling had been interrupted by the war, it was probably
wise to take the opportunity of improving the children’s proficiency in the basic
school subjects. But this method of consolidation, particularly where it was not
specially justified or where it was overdone, often tended to produce boredom
and frustration. The livelier schools planned new courses and introduced a great
many experiments. Children were given a choice of subjects and were taught to
undertake pieces of work involving research and the collation of material, either
on their own or in small groups without continuous supervision. Where premises
and staff were available the amount and range of practical work were increased,
especially in its more interesting and exacting aspects, such as metalwork, and
fruit culture and bee-keeping in rural areas. (HMSO, 1948, paragraph 5)
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E.3: Homework Assigned to Students

I argue in the paper that lower-track students likely lacked incentives to exert effort in school.
Consistent with that hypothesis, the evidence suggests that lower-track schools assigned
little or no homework. In particular, in the late 1930s the Board of Education asked School
Inspectors to report on the homework being set by schools. Drawing on these reports, Board
of Education (1937) discussed various issues related to homework. Referring to lower-track
students, they noted that “Their normal school course does not make homework necessary;
nor in fact is homework set, or asked for, except in the case of a small minority, estimated
at between 5 per cent and 10 per cent, who are working for some examination”.(Board of
Education, 1937, p.20) In contrast, they noted that higher-track students were expected
to devote 1-2 hours per day to homework.(Board of Education, 1937, p.30) There is little
reason to think that more homework was assigned to lower-track students over the following
decade. Indeed, as Board of Education (1937) noted, the practical nature of the lower-track
curriculum reduced the scope for assigning homework.
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Appendix F. Robustness Checks

This Appendix contains the following Figures and Tables:

Figure F1:
Figure F2:
Figure F3:
Figure F4:
Figure F5:
Figure F6:

Impacts of compulsory schooling reform on resident population
Impacts of compulsory schooling reform on labor market activity
Impacts of compulsory schooling reform on whether earnings observed
Impacts of compulsory schooling reform on log annual earnings
Impacts of compulsory schooling reform among full-time workers
Impacts of compulsory schooling reform on home ownership

Table F1: Impacts of compulsory schooling reform on log annual earnings
Table F2: Impacts of compulsory schooling reform among full-time workers
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