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Does Schooling Have Lasting Effects on Cognitive Function? 
Evidence From Compulsory Schooling Laws

Emma Gorman

ABSTRACT  This study assesses whether an additional year of secondary schooling has 
lasting causal effects on cognitive function. I use data from Understanding Society, 
the largest longitudinal household study in the United Kingdom, and exploit quasi-
experimental variation in schooling from the 1972 raising of the school-leaving age 
in England and Wales. This reform increased the minimum secondary school‒leaving 
age from 15 to 16 years. Cognitive function outcomes were measured when partici
pants were aged 48 to 60. Using a fuzzy regression discontinuity design, I show that 
remaining in school until age 16 improved working memory by one third to one half 
of a standard deviation. I find limited evidence for causal effects on verbal fluency and 
measures of numeric ability. Analyses of potential mechanisms showed statistically 
significant effects of remaining in school until age 16 on the type of occupation entered 
immediately after leaving school and at older ages. These patterns are consistent with 
basic education improving cognitive outcomes through occupation choice. The findings 
are robust to sensitivity analyses.
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Introduction

Cognitive function shapes economic, social, and health outcomes over the life 
cycle (Heckman et al. 2006; Wraw et al. 2015). The efficacy of early intervention 
in improving cognitive function is well studied, but less is known about whether 
these outcomes are malleable beyond early childhood (Heckman 2007). This study 
assesses whether secondary schooling has lasting causal effects on cognitive func
tion measured four decades after leaving school. In later life, cognitive performance 
becomes an important component of healthy aging and continued independent func
tioning (World Health Organization 2015). Among healthy individuals without 
clinical cognitive impairment, age-related reductions in cognitive performance can 
impede the ability to perform daily activities (Boyle et al. 2012; Tucker-Drob 2011) 
and manage financial planning decisions (Hsu and Willis 2013). Such impediments 
have important implications for continued labor market engagement and retirement 
planning, given rising state pension ages and the central policy focus of supporting 
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1140 E. Gorman

continued labor market participation (OECD 2006; UK Department for Work and 
Pensions 2013).

Yet, cognitive impairment is not an inevitable consequence of aging. A large body 
of work has sought to uncover modifiable risk factors across the life course. Basic 
education is one promising candidate for improving cognitive outcomes. Despite 
extensive observational research demonstrating that schooling is a correlate of cogni
tive outcomes throughout the life cycle (Plassman et al. 1995), few studies have been 
able to identify a causal association. The main challenge to the credible identifica­
tion of a causal effect is omitted variable bias: those with greater cognitive ability in 
early life may select into higher levels of education. Factors such as childhood health 
or particular genetic variants may influence both cognition and educational attain­
ment in later life (Arden et al. 2015; Boardman et al. 2015). One approach, which  
I leverage in this study, is to exploit the substantial investments in publicly provided 
education occurring over the last century: notably, the successive increases in the min
imum age at which students may leave secondary school. These increases in the  
minimum school-leaving age represent plausibly exogenous changes in schooling and 
are widely employed to quantify pecuniary and nonpecuniary returns to education 
(Harmon and Walker 1995; Oreopoulos and Salvanes 2011). The cohorts affected by 
these reforms are now aging, providing researchers an opportunity to explore whether 
the effects of schooling persist into later life.

The United Kingdom is an especially informative laboratory for examining the 
causal effects of schooling. The minimum school-leaving age was raised from 14 to 
15 years in 1947 and was raised again to 16 years in 1972. These changes affected rel
atively large shares of the relevant cohorts. For example, the corresponding changes 
in the United States exerted a causal effect on only approximately 5% of the student 
cohort, compared with roughly one half and one third for the 1947 and 1972 reforms 
in the United Kingdom, respectively. Yet, the evidence base on schooling and cog
nitive function in the United Kingdom remains limited, and little is known about the 
underlying mechanisms driving these long-run effects.

For England and Wales, Banks and Mazzonna (2012) established positive effects 
of an additional year of schooling on aspects of cognitive function among the cohorts 
affected by the 1947 raising of the school-leaving age. The findings are large in mag­
nitude, raising the possibility that increased population education could function as 
a policy tool to foster healthy aging. Given the large total effect size, education’s 
protective effect on cognition is unlikely to be wholly a direct effect. More plausi
bly, education influences cognition indirectly through the wider set of opportunities 
that education affords. However, the cohorts exposed to the 1947 reform grew up in 
unstable economic and political circumstances; their choice set and constraints were 
vastly different from those of more recent cohorts. It is unclear whether the channels 
through which that reform operated remain relevant in the current policy context, 
despite the changing nature of the work tasks, labor market participation, and health 
technology. The current study therefore examines more recent cohorts.

The contribution of the present study is to provide new evidence on the causal 
effects of basic education on a range of cognitive function outcomes, using a fuzzy 
regression discontinuity design to exploit the 1972 raising of the secondary school‒
leaving age. This reform increased the minimum school-leaving age from 15 to 
16 years in England and Wales. I use data from Understanding Society, the largest 
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1141Compulsory Schooling Laws and Cognitive Function

household panel study in the United Kingdom. Crucially, these data contain granular 
information on the birth month and year, allowing exact identification of exposure to 
the reform. Comparing the outcomes of observationally similar individuals who were 
exposed versus unexposed to the reform yields credible estimates of the causal effects 
of the additional year of schooling.

One threat to the validity of this approach is confounding from secular trends 
in longevity and cognition: cohort-specific cognitive performance has been steadily 
increasing over the twentieth century, a trend referred to as the Flynn effect (Flynn 
1987). This effect may be influenced not only by investments in mass education during 
this time but also by the increased cognitive stimulation of job tasks, improvements 
in nutrition, and the increasing proportion of women entering the labor force— 
elements that act as confounding factors (Case and Paxson 2009; Skirbekk et  al. 
2013). To reduce concerns about this type of confounding, I adjust for birth cohort 
trends and use a small sample window of within roughly three years of the reform 
date to enhance the comparability of the treatment and control units.

More generally, little is known about the channels that drive the education– 
cognition gradient. Several hypotheses highlight the role of occupation type—especially  
regarding occupational complexity—and the commonly cited use-it-or-lose-it 
hypothesis. This framework suggests that mental stimulation may sustain brain func
tion, supporting the idea that more cognitively stimulating activities stave off cogni
tive decline (Rohwedder and Willis 2010). Similarly, proponents of cognitive reserve 
theories in neuropsychology have proposed education and occupation as key factors 
in increasing mental resilience and thereby reducing the clinical manifestations of 
brain aging (Stern 2002). I therefore assess whether the data are consistent with occu
pation choice as a plausible mechanism shaping the effect of education on cognition.

The key findings include a statistically significant local average treatment effect 
(LATE) of remaining in school until age 16 on working memory of two fifths of a stan­
dard deviation, which ranges from one third to slightly more than one half of a stan
dard deviation depending on the sample definition and model specification employed. 
This effect is significant at the 10% level or better across a range of reasonable specifi­
cations and exceeds the ordinary least-squares (OLS) estimate of 0.15 standard devia
tions. Although the OLS estimates show a positive association between schooling and 
numeric ability and verbal fluency, evidence for a causal effect on these outcomes is 
negligible. In contrast to previous studies, this study finds mainly larger effect sizes 
among women, although the difference between men and women was not statisti
cally significant. In terms of potential mechanisms, analyses of the effects of school­
ing on intermediate variables show that remaining in school until age 16 causally 
impacts occupation. The findings provide new evidence that basic education causally 
improves working memory—an important component of cognitive function at older 
ages. Increasing population levels of education may slow the growth in the burden of 
cognition-related disease and support economic adjustment to an aging population.

Related Literature

Recent empirical studies have used variation in minimum schooling laws to exam
ine the lasting effects of education on a range of nonpecuniary outcomes, including  
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1142 E. Gorman

mortality, self-assessed health, disability, and health behaviors (recent reviews include 
Lochner 2011; Mazumder 2012). However, fewer studies have focused on cognitive 
outcomes. The first study to exploit changes in the minimum school-leaving age to 
explore cognition and mental outcomes was Glymour et al. (2008), which used U.S. 
state-level variation to obtain instrumental variable (IV) estimates of the effect of 
schooling on working memory and mental status among cohorts born between 1900 
and 1947. These changes in mandated schooling yielded large improvements in per
formance on memory tests in old age, although no effects were detected for a more 
general screening test for cognitive status.

Banks and Mazzonna (2012) exploited the 1947 school reform in England and 
Wales, which increased the minimum school-leaving age from age 14 to 15, finding 
a large positive effect of an extra year of schooling on older men’s memory and exec
utive function. However, the cohorts examined in this study grew up in very specific 
economic and political circumstances, facing the Great Depression and the conse
quences of the war, and experienced a vastly different schooling landscape than more 
recent cohorts. Whether the channels through which that reform operated remain rel
evant in the current policy context is unclear. Also unclear is whether the findings 
derived from the increased school-leaving age from 14 to 15 are applicable to the 
even higher levels of schooling mandated in more recent decades.

Davies et al. (2018) used data from the UK Biobank, a large study of biomarkers 
and other health-related data, to exploit the 1972 increased school-leaving age to 
assess the effects of schooling on outcomes such as fluid intelligence measured via 
completion of 13 logic puzzles. Their IV estimates revealed small positive effects of 
an additional year of schooling on intelligence, smaller than the corresponding OLS 
findings. However, an important caveat of these findings is that the UK Biobank is not 
a population-representative sample and has documented health- and socioeconomic-
related sample selection, which can bias causal effects if the characteristics corre
lated with nonparticipation are also correlated with the causal effect of interest. This 
bias is especially relevant for older age groups, for whom selective mortality issues 
can arise. A comparison with nationally representative data sources showed that at 
ages 70–74, rates of all-cause mortality and total cancer incidence were, respectively, 
46.2% and 11.8% lower among men and 55.5% and 18.1% lower among women rel
ative to the general population of the same age (Fry et al. 2017).

Several studies have exploited time series and geographical variation in school-
leaving ages across Europe by using the Survey of Health, Ageing and Retirement in 
Europe (SHARE). Schneeweis et al. (2014) found a positive effect of an extra year 
of education on memory and used the panel aspect to reveal evidence of a protective 
effect against declines in verbal fluency with age. In addition to finding increased 
memory scores among older men, Mazzonna (2014) documented reduced probabili
ties of depression and improved self-reported health. These patterns are not limited to 
Europe and the United States: Huang et al. (2013) leveraged educational differences 
in primary school completion due to China’s Great Famine of 1959–1961 to assess 
education effects on cognitive outcomes at older ages. The results revealed a protec
tive effect of cognition, especially episodic memory, of up to 20%.

Generally, these studies documented LATE estimates that exceeded OLS estima
tes. Crespo et al. (2014) used SHARELIFE data—the third wave of the SHARE panel 
study, containing retrospective life history data—to examine early-life characteristics 
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1143Compulsory Schooling Laws and Cognitive Function

of individuals whose behavior was altered by the implementations of the changes 
in schooling laws and who may have different returns to schooling than the wider 
population. The authors found larger effects of the reforms on years of education 
among individuals with lower socioeconomic status (measured by reports of living 
in a dwelling with two or fewer rooms) and individuals reporting better childhood 
health status. Overall, they found large, positive effects of extra schooling on memory 
and depression. Stratifying the sample by early-life characteristics revealed variation 
in point estimates of the causal effect of education, although these differences were 
not statistically significant.

Given the large total effect size of education on later outcomes found in many 
studies, the protective effect of education on cognition is unlikely to be wholly a 
direct effect. More plausibly, education influences cognition indirectly through the 
wider set of opportunities that education affords. Protective effects of schooling 
on later-life functioning could operate through any of several plausible channels. 
A recent review of empirical studies identified self-reported health, biomarkers of 
physiological health (e.g., inflammation), cardiovascular disease and its risk factors, 
education, occupational trajectories, and other characteristics as risk factors for age-
associated cognitive decline (Deary et al. 2009).

Occupation is a particularly important channel. In the neurological literature,  
cognitive reserve is a key framework relating education, occupation, and cognitive 
outcomes (Stern 2002). It is a hypothetical construct used to explain substantial var
iation in cognitive aging and diagnosed cognitive impairment observed across indi
viduals despite similar neurodegenerative changes. In other words, cognitive reserve 
is the proposed explanation for differences among individuals in everyday cognitive 
functioning declines for a given decline in brain health. Education and occupational 
complexity are often cited as important predictors of cognitive reserve, as are other 
lifestyle factors, such as dietary habits and physical exercise. The hypothesis suggests 
that individuals with a greater cognitive reserve level may require a greater pathology 
level to experience clinical manifestations of any diagnosable impairment.

Several well-studied channels, especially those related to health behaviors, are 
likely to operate. This paper focuses on cognition as the main outcome and on occupa
tion as a mechanism. The empirical evidence for a causal effect of education on health 
outcomes and behaviors is mixed. Many credible studies have failed to detect an effect 
on health knowledge (Johnston et al. 2015), behaviors, and outcomes (Oreopoulos  
2008; Oreopoulos and Salvanes 2009). Among the ample research on this topic, the 
most relevant UK-based studies also exploited schooling reforms. In the most com
prehensive study, using two UK reforms, Clark and Royer (2013) failed to detect 
positive effects of education for a wide range of health outcomes and related behav
iors, including mortality, self-reported health, objective health measures (e.g., obe
sity, being overweight, or high blood pressure), and health-related behaviors (e.g., 
vitamin intake or consumption of fruits and vegetables). Evidence from Europe and 
the United States has shown either null results (Albarrán et al. 2020; Meghir et al. 
2012) or small positive effects of schooling on health and mortality (Fletcher 2014;  
Gathmann et al. 2014). Although the results overall are mixed, some evidence sug
gests a causal effect of education on smoking (de Walque 2007; Grimard and Parent 
2007) and points to smoking as a potential mechanism underlying the education–
health gradient (Brunello et al. 2016).
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1144 E. Gorman

Setting, Data, and Methods

School Reforms in England and Wales

Many studies have leveraged the 1972 increase in school-leaving age to study the 
returns to education (Clark and Royer 2013; Dickson et al. 2016; Oreopoulos 2008). 
Because grade retention (repeating a grade) in the United Kingdom is rare (at roughly 
1%), staying at school for an additional year generally implies an increase in the 
grade levels achieved (Borodankova and Coutinho 2011). The 1944 Education Act 
(enacted on April 1, 1947) increased the minimum secondary school–leaving age 
from 14 to 15 years and conferred power to raise the minimum school-leaving age 
again to 16 years. In March 1972, the minimum school-leaving age was raised to  
16 years for school cohorts born on September 1, 1972, or later (Woodin et al. 2012). 
This reform has been widely used to study the pecuniary and nonpecuniary returns 
to schooling because no coincident policy changes occurred at this time, allowing 
researchers to isolate the impact of years of schooling. Although the 1947 increase 
in the school-leaving age has also been widely analyzed, the cohorts exposed to that 
change were affected by the aftermath of the Great Depression and the effects of 
World War II. The 1972 change, aside from being more recent, was enacted in more 
stable times. Considering this more recent reform may shed light on whether the 
results from previous studies using the 1947 change are generalizable, despite the 
context particularities those earlier cohorts faced.

In addition to ensuring an extra year of school completed, the 1972 change led to 
greater rates of completion of formal qualifications, with many more students staying 
in school until the end of their 16th school year to obtain O-level qualifications. This 
increase in the probability of gaining a qualification is important. Dickson and Smith 
(2011) exploited an institutional school-leaving rule providing exogenous variation 
in qualification attainment. They confirmed that some of the observed wage returns 
to an extra year of schooling in 1972 were likely due to staying in school to gain a 
qualification at age 16 in addition to the additional length of time in school.

Data and Variables

This study draws on Understanding Society, a panel study of households in the United 
Kingdom (McFall 2013; University of Essex et al. 2015) that began in 2009 as a rep
resentative probability sample of approximately 40,000 households. Participants are 
interviewed annually, but each wave of data collection spans 24 months, creating 
overlapping two-year survey waves. The total sample comprises multiple subsample 
components: the main General Population Sample (GPS), continuing British House-
hold Panel Study (BHPS) members, and the Ethnic Minority Boost Sample (EMBS). 
Wave 3—conducted from January 7, 2011, to July 12, 2013—included a cognitive 
ability module measuring self-rated memory, word recall test performance, numeric 
ability, and verbal fluency (McFall 2013). Wave 3 has a cross-sectional response rate 
of 61.3%. The analyses here use the survey weights provided with the data to allow 
for the possibility of endogenous sampling design and response probabilities. The 
weights adjust for the complex survey design and combined probabilities of being 
selected into the BHPS, GPS, and EMBS and continuing to Wave 3 of the survey.
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1145Compulsory Schooling Laws and Cognitive Function

Variable Construction

Years of Schooling and Cognitive Outcomes

The measure of schooling is the report of years of secondary schooling completed, 
constructed as the age at which the respondent reported leaving school minus 5.

Memory

Episodic memory—retrieving memories associated with specific events—was mea­
sured by performance on the immediate and delayed Word Recall test. Memory is an 
important early indicator of potential cognitive impairment, and word recall tests are 
used in cognitive impairment screening tests (Kim et al. 2014). After the computer 
reads a list of 10 words aloud, the respondent is asked to repeat these words in any 
order; the interviewer records the number of words correctly recalled. This procedure 
is repeated approximately 5 minutes later in the module to measure delayed recall. 
Immediate and delayed word recall scores are highly correlated with clinical demen
tia diagnoses (Wu et al. 2013). The number of words correctly recalled in each test 
were summed, creating a variable ranging from 0 to 20.

Serial Subtraction

The Serial 7 Subtraction test is a component of clinical screening instruments for 
cognitive impairment: the Mini-Mental State Examination (MMSE; Crum et  al. 
1993) and the Cambridge Mental Disorders of the Elderly Examination (CAMDEX;  
Roth et al. 1986). In the Serial 7 test, respondents are asked to begin at 100 and sub
tract 7. Respondents are then prompted to subtract 7 from that result, a process that 
repeats until respondents have subtracted 7 a total of five times. The number of cor­
rect answers was summed to create a variable ranging from 0 to 5.

Verbal Fluency

The Verbal Fluency test asked respondents to name as many animals as possible in  
1 minute. In addition to assessing semantic memory, this test assesses executive func
tion because it requires some level of abstract thinking and mental flexibility within 
a time limit. The test is from the cognitive assessment component of the CAMDEX, 
an interview procedure for the diagnosis and measurement of dementia in the elderly 
(Roth et al. 1986), and has been successfully employed in extensions of the MMSE 
(Kim et al. 2014). The number of animals listed ranges from 0 to 71.

Numeric Ability

Assessing the ability to solve everyday numerical problems, the Numeric Ability test 
asked the respondent five questions of increasing complexity. For example, the first 
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1146 E. Gorman

question asked, “In a sale, a shop is selling all items at half price. Before the sale, a 
sofa costs £300. How much will it cost in the sale?” The number of questions cor
rectly answered was summed, with a range of 0–5.

The distributions of the raw scores are presented in the online appendix (section A). 
The continuous measures—Word Recall and Verbal Fluency—were standardized by 
subtracting the sample mean and dividing by the sample standard deviation to facili
tate interpretation and comparability with previous studies. The Serial 7 and Numeric 
Ability tests were dichotomized to create a binary variable. Serial Subtraction equals 
1 for respondents with five correct answers to the Serial 7 test and 0 otherwise. 
Numeric Ability equals 1 for respondents with four or five correct answers to the 
Numeric Ability test and 0 otherwise.

Occupation Variables

I measure occupation using the five-class National Statistics Socio-economic Classi-
fication (NS-SEC). The NS-SEC groups occupations defined by the Standard Occu-
pational Classification into five categories: (1) semi-routine, routine, never-worked, 
and long-term unemployed; (2) lower supervisory and technical occupations; (3) 
small employers and own account workers; (4) intermediate occupations; and (5) 
higher professional, large employers, higher managerial, and administrative occupa
tions. The ordering of NS-SEC captures information on the tasks used in the occupa
tion and the employment relation in terms of the amount of autonomy a worker has 
in their job.

The NS-SEC is available for the first job chosen after leaving secondary school 
and the current job (or previous job, if the respondent is currently out of work). The 
first job is relevant because the activity chosen immediately after secondary school 
is especially amenable to policy intervention. For instance, in the United Kingdom, 
a current policy development increased the minimum age for remaining in education 
or training from 16 to 18 years. This initial start may have long run implications for 
labor market trajectories. The current (or most recent) occupation captures effects 
associated with the use-it-or-lose-it hypothesis: continuing to engage in a stimulating 
occupation maintains cognitive reserve and staves off cognitive decline.

Analytic Sample

The analyses use all three Understanding Society subsamples: the GPS, continuing 
BHPS participants, and the EMBS. I used survey weights throughout the analyses to 
adjust for unit nonresponse—the combined probabilities of being selected into the 
BHPS, GPS, and EMBS and continuing to Wave 3 of the survey—and the complex 
survey design. Because the school location was unavailable for the cohorts consid
ered, I could not ascertain whether respondents completed their schooling in England 
or Wales rather than Scotland or Northern Ireland. To restrict the sample to individu
als who completed their schooling in areas exposed to the reform as best as possible, 
I selected those who were born in England or Wales for analyses. I assumed that 
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1147Compulsory Schooling Laws and Cognitive Function

observations with missing or unavailable information on birthplace were not born in 
England or Wales. In the preliminary descriptive statistics, I used a sample of respon
dents born within five years of the date determining exposure to the school reform 
(September 1, 1957).

Descriptive Statistics

Table 1 shows the percentage of the sample leaving school at each age, separately 
for men and women, reported before and after the increased school-leaving age. The 
reform induced more students to stay in school until age 16. In line with previous 
studies, spillover effects into higher levels of schooling are rare; the percentage leav
ing school at ages 17, 18, or 19 is similar before and after the reform (Chevalier et al. 
2004). Therefore, the estimates in these analyses are informed by those staying until 
age 16 rather than 15 and may not be generalizable to other margins. Some noncom
pliance exists: some students still reported leaving at age 15 even after the reform. 
As Clark and Royer (2013) noted, this early school-leaving is due to the institutional 
feature allowing students to leave school in the summer exam period (mid-June) 
upon completion of the O-level exam in their 16th year of school. For summer-
born students, then, some pupils were age 15 when they completed their exam and  
left school.

Table 2 presents summary statistics for key variables for respondents within five 
years of the treatment threshold (a birthdate of September 1, 1957). (See the online 
appendix for histograms of these outcomes.) The average age in the sample is roughly 
54 years; the sample had an average of 11 years of schooling.

Figure 1 plots the mean years of school by birth cohort relative to the cutoff of 
September 1, 1957. The discontinuity in mean years of schooling is evident in the 
full sample. Figure 2 shows the corresponding graphs for each cognitive outcome for 
respondents born within five years of the treatment threshold (September 1, 1957).  
A quadratic trend in birth cohort was fitted to underlying data to show the global 
trends in the data (dashed red lines), as well as a local linear fit within 50 months of 
the cutoff (solid blue lines).

Table 1  Percentage of the sample leaving school at each age before the reform (nontreated) and after the 
reform (treated), by gender

Men Women

Age at School-Leaving Nontreated Treated Total Nontreated Treated Total

15 32.9 7.4 19.1 33.2 9.6 20.1
16 34.1 60.6 48.5 36.8 61.5 50.5
17 11.0 10.8 10.9 9.1 9.7 9.4
18 19.9 19.4 19.6 19.9 18.5 19.1
19 2.2 1.7 1.9 1.1 0.8 0.9
Total 100 100 100 100 100 100

Source: Understanding Society.
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1148 E. Gorman

Empirical Approach

I employ a fuzzy regression discontinuity (FRD) design (Imbens and Lemieux 2008) 
to exploit variation in schooling induced by the reform. Regression discontinuity (RD) 
is predicated on treatment D for individuals 1, . . .i N  being assigned by the value of 
a continuous covariate, iR . In this case, iR  is the month and year of birth, which falls 
on either side of a fixed cutoff, c. In this application, c is the pivotal birth cohort of 
September 1, 1957. In an FRD design, c induces a discontinuity in the conditional 
probability of receiving the treatment given iR —but not necessarily a jump from  
0 to 1, as in a sharp RD. Let (1)iY  and (0)iY  denote the potential cognitive outcomes 
experienced in the presence and absence of the treatment, respectively. Let iZ  denote  

Table 2  Summary statistics for demographic and cognitive variables within five years of the reform 
threshold (birthdate of September 1, 1957)

Mean SD Min. Max. n

Female (proportion) .52 .50 0 1 4,915
Age 53.5 2.94 48 60 4,915
Years of Schooling 11.3 1.04 10 14 4,833
Word Recall 11.6 3.2 0 20 4,797
Verbal Fluency 22.9 6.8 0 71 4,877
Numeric Ability 0.53 0.50 0 1 4,864
Serial Subtraction 0.71 0.45 0 1 4,779

Source: Understanding Society.
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Fig. 1  Years of schooling by month-of-birth cohort, centered relative to the reform threshold of September 1,  
1957. A quadratic trend in birth cohort was fitted to underlying data to show the global trends in the data 
(dashed red lines), as well as a local linear fit within 50 months of the reform threshold (solid blue lines). 
Source: Understanding Society.
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1149Compulsory Schooling Laws and Cognitive Function

exposure to the reform; the treatment assignment rule is iZ  = 1[ ]iR c , where 1[] is 
the indicator function and the treatment is years of schooling. (1)iD  and (0)iD  denote 
the potential treatments depending on the value of instrument iZ . The FRD treatment 
effect, FRD, is the ratio of the effect of the reform on the outcome at the cutoff and 
the effect of the reform on treatment at the cutoff:

        

        

lim  |   lim  |  
τ  

lim  |   lim  |  
 

 

       
        

i i i ir c r c
FRD

i i i ir c r c

E Y R r E Y R r
E D R r E D R r

	 ,(1) (0) (1) (0) |   .     i i i i iE Y Y R c D D 	 (1)

Assuming the reform changes behavior in only one direction (monotonicity), 
the FRD estimator yields a LATE at the cutoff, c. Under this monotonicity assump
tion, the LATE is commonly estimated using two-stage least-squares (2SLS) regres
sion (Hahn et al. 2001). The treatment in this application, years of schooling, can 
take multiple discrete levels. Hence, the compliers are defined as those induced 
to take at least d years of schooling when otherwise they would have taken fewer  
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Fig. 2  Mean cognitive outcomes by birth cohort, centered relative to the reform threshold of September 1, 
1957. A quadratic trend in birth cohort was fitted to underlying data to show the global trends in the data 
(dashed red lines), as well as a local linear fit within 50 months of the reform threshold (solid blue lines). 
Source: Understanding Society.
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1150 E. Gorman

than d (Angrist and Imbens 1995). In this case, the estimated treatment effects are 
an average of the per-year treatment effects associated with each additional year of 
schooling—for the compliers at each level of schooling—weighted by the propor
tions of compliers at each level of schooling. In this application, little weight is placed 
on schooling levels above age 16; the treatment effect is informed by differences in 
outcomes between ages 15 and 16. Therefore, I interpret the results as the effects of 
remaining in school until age 16.

Using a uniform kernel and the same bandwidth (h) for the outcome and treat
ment equations leads to the numerical equivalence between the FRD estimator and 
the 2SLS estimator (Hahn et al. 2001). Taking this approach, I used 2SLS to estimate 
the parameters of Eqs. (2) and (3). Let Yi denote the cognitive outcome observed for 
individual i; ( if R c ) comprises the centered running variable, month and year of 
birth, interacted with the reform dummy variable. The vector iX  includes pretreat
ment covariates, and iu  and i  are idiosyncratic errors. The estimating equations are 
as follows:

	 1 2
ˆα α ( ) α ,i i i i iY D f R c u      X 	 (2)

	 1 2γ γ ( ) γ       i i i i iD Z g R c X .	 (3)

To select a data-driven optimal bandwidth, which minimizes an approximation to 
the asymptotic mean squared error of the fuzzy RD point estimator, I used the imple-
mentation of the mean squared error–optimal bandwidth that Calonico et al. (2016) 
developed. The use of an optimal bandwidth was complemented by a sensitivity 
analysis through a consideration of a range of bandwidths. In line with Kolesár and 
Rothe’s (2018) recommendations, I used heteroskedasticity-robust standard errors. 
Clustering by month and year of birth, as Lee and Card (2008) suggested, produces 
similar results, albeit with small standard errors.

In very small sample windows around the reform date, it is more credible that the 
reform, as a local IV, is plausibly exogenous without conditioning on further covari-
ates. Other discontinuities exactly coincident with the increased school-leaving age 
reform date are unlikely, which I explore by ensuring that pretreatment characteristics 
are smooth across the cutoff, analogous to balance tests of background characteristics 
in settings with full randomization. In this case, involving estimation within a very 
small window, the covariates increase the estimates’ precision by reducing residual 
variation. With larger sample windows, the concern remains that education level and 
cognitive function might be confounded by unobserved functions of birth cohort. For 
example, later cohorts who were exposed to the reform may have experienced more 
favorable conditions in early childhood and may have more educated parents than 
cohorts not exposed to the reform. Although these trends are unlikely to be discon
tinuous at the treatment cutoff, they may still be picked up in larger sample windows. 
Therefore, this concern motivates adjustment for potential confounding variables that 
may capture such effects. The covariates included in the RD models presented in 
Table 3 are a quadratic term in age and dummy variables indicating gender, interview 
month, and interview year (because the Understanding Society survey waves span 
approximately two years).
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1151Compulsory Schooling Laws and Cognitive Function

In further sensitivity analyses (shown in the online appendix, section B), I added 
dummy variables for birth month as covariates to capture seasonality effects—that is, 
systematic variation in birth month by family background that could also be related 
to later education, health, and cognitive outcomes (Buckles and Hungerman 2013). 
Additionally, because the 1972 reform implementation coincided with the start of the 
school term, exposure to the reform will coincide with any age-in-grade effects and 
therefore be correlated with schooling and perhaps cognitive outcomes. In sensitivity 
analyses, I also examined a wider sample window (within five years of the cutoff) in 
conjunction with a quadratic trend in the running variable. Higher order polynomials 
are less reliable for the estimation of RD treatment effects because of overfitting or 
biases at boundary points. Therefore, my preferred estimates are drawn from the local 
linear case (Cattaneo et al. 2017; Gelman and Zelizer 2015).

Findings

OLS and RD Specifications

Table 3 reports OLS and RD results of the effect of schooling on Word Recall, Verbal 
Fluency, Numeric Ability, and Serial Subtraction. The OLS results reveal a positive 
association between years of schooling and each cognitive outcome. Remaining in 
school until age 16 is associated with a 0.24-standard-deviation increase in Word 
Recall, a 0.23-standard-deviation increase in Verbal Fluency, a 0.15-percentage-point 
increase in Numeric Ability, and a 0.07-percentage-point increase in Serial Subtrac-
tion. These results corroborate findings from previous research: the positive correlation  

Table 3  Ordinary least squares (OLS) and regression discontinuity (RD) estimates of the effect of years 
of schooling on cognitive outcomes

Word Recall Verbal Fluency Numeric Ability Serial Subtraction

OLS RD OLS RD OLS RD OLS RD

Years 0.24 0.42 0.23 0.05 0.15 −0.05 0.07 −0.00
p Value .00 .03 .00 .80 .00 .64 .00 .98
SE 0.00 0.19 0.00 0.20 0.00 0.11 0.00 0.10
First-Stage — 0.38 — 0.36 — 0.35 — 0.36
F Statistic — 24.8 — 21.3 — 21.0 — 21.3
Bandwidth — 38 — 34 — 34 — 33
n 2,937 2,937 2,667 2,667 2,654 2,654 2,541 2,541

Notes: Each model adjusts for the following covariates: a linear trend in month-of-birth birth cohort (inter-
acted with the reform dummy variable); indicators for gender, interview month, and interview year; and 
a quadratic term in age. Survey weights adjusting for unit nonresponse and sample design were used in 
all specifications. SEs are robust standard errors. The F statistic is the robust F statistic for the first-stage 
regression. Bandwidth refers to the number of month-of-birth birth cohorts included in the estimation sam
ple on each side of the treatment cutoff, selected using a data-driven procedure.

Source: Understanding Society.
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1152 E. Gorman

between education and cognitive outcomes persists into later life. However, these 
findings may not necessarily represent causal effects because of omitted variable 
bias, and the RD specification addresses this issue by exploiting plausibly exogenous 
variation in schooling.

Table 3 also shows the RD estimates using a linear specification in the running 
variable (birth cohort month and year). A discontinuity in average years of schooling 
is present at the reform cutoff, as reflected in the first-stage results: the average dif­
ference in years of schooling between those exposed versus unexposed to the reform 
is 0.35–0.38, depending on the sample window used. The RD estimates exploit this 
jump in years of schooling. Across all models, the first-stage F statistics are larger 
than 10, indicating that the estimates are unlikely to suffer from a weak instrument 
problem. Computed at the optimally selected bandwidth of 38 months, the RD esti
mates show that an extra year of schooling is associated with a statistically signifi­
cant increase of 0.42 standard deviations for Word Recall. The effect size is larger for 
delayed recall than for immediate recall (data not shown). For Verbal Fluency, the 
magnitude of the effect is 0.05 standard deviations, but this effect is not statistically 
significant at conventional levels.

Unlike the OLS estimates, the RD specifications do not reveal a positive asso­
ciation between schooling and the two numeracy measures. For Numeric Ability, 
remaining in school until age 16 is associated with a 0.05-percentage-point reduction 
in the probability of successfully answering four or five of the numeric ability ques­
tions, but this effect is not statistically significant at conventional levels. For Serial 
Subtraction, the effect size is 0 percentage points; again, though, this effect is not 
precisely estimated, so I cannot rule out larger effect sizes. The lack of impact on 
these measures may be due to ceiling effects—that is, clustering toward the top of 
the performance distribution for these tests reduces the measure’s ability to distin
guish between moderate and high functioning. Indeed, because many of these skills 
are used in everyday tasks (e.g., grocery shopping) for individuals of all occupa
tions and education levels, they may be less influenced by education level. Treating  
these variables as continuous rather than dichotomous variables produces similar 
results.

I also examined the potential for effect modification by gender. Mazzonna (2014) 
assessed the effects of an additional year of schooling on cognitive function across 
six European countries, finding larger effects among men than women. The suggested 
channel was through increased labor force participation among those exposed to the 
increased school-leaving age. However, these patterns may not generalize to other 
countries with different patterns of female labor force participation during the later 
twentieth century, such as the United Kingdom.

Table B1 (online appendix) reports results from the same sample and specification 
used in Table 3 and adds birth month as a covariate, with additional gender subsample 
estimates. At the optimal bandwidth, the effect on Word Recall is statistically signif
icant among women. However, the difference in estimates between men and women 
was not statistically significant. Figures B2 and B3 (online appendix) show that the 
gender-specific estimates vary by bandwidth choice. Given the smaller sample sizes 
in the gender subgroups, I did not examine gender differences further.

D
ow

nloaded from
 http://read.dukeupress.edu/dem

ography/article-pdf/60/4/1139/1996381/1139gorm
an.pdf by U

N
IVER

SITY O
F W

ESTM
IN

STER
 user on 22 August 2023



1153Compulsory Schooling Laws and Cognitive Function

Sensitivity Analyses

To verify that pretreatment characteristics are smooth across the cutoff, using a falsi
fication test analogous to balance tests of background characteristics in settings with 
full randomization, I examine the patterning of several relevant background character
istics: whether the respondent’s mother has or held any formal educational qualifica­
tions, whether the respondent’s father has or held any formal educational qualifications, 
whether the respondent’s father was in work when the respondent was age 14, and 
finally the mother’s age at the respondent’s birth. Figure B1 (online appendix) shows 
that these variables do not exhibit discontinuities at the cutoff.

An important choice is the selection of sample window (the bandwidth). To assess 
the sensitivity of the main findings to a range of bandwidths, I examine point esti­
mates and confidence intervals for different bandwidths. For instance, Figure 3 plots 
the treatment effect on each cognitive outcome—as well as 99%, 95%, and 90% 
confidence intervals—for a range of bandwidths. The optimally selected bandwidths 
are indicated by vertical lines. The effect size varies by bandwidth; the effect size 
for memory is 0.39 at half the optimal bandwidth (19 months) and 0.33 at 1.5 times 
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Fig. 3  Sensitivity analyses. The bold black line plots coefficients from a fuzzy regression discontinuity 
design assessing the effect of years of schooling on each cognitive outcome (word recall, verbal fluency, 
numeric ability, and serial subtraction) across a range of bandwidth choices (12 months to 60 months). The 
gray areas depict 90%, 95%, and 99% confidence intervals around the treatment effect. The vertical line 
indicates the optimal bandwidth. Source: Understanding Society.
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1154 E. Gorman

the optimal bandwidth (57 months). Thus, the estimates vary by choice of sample. 
However, the effects remain positive and significant at the 10% level or better across 
a reasonable range of bandwidths for Word Recall. In contrast, effect sizes for the 
other outcomes oscillate around 0, and no statistically significant effects are detected 
across all values of bandwidth choice.

Figure 4 presents the same plots, this time using a local quadratic rather than local 
linear RD specification: the local quadratic specification has the running variable 
included as a quadratic rather than linear term. These results demonstrate that the 
results are robust to a more flexible specification of the birth cohort trends and cor­
roborate the results from the linear specification. The linear specification is preferred, 
given recent research suggesting that higher order polynomials are an unreliable 
specification in RD applications (Cattaneo et al. 2017; Gelman and Zelizer 2015). 
Figure B3 (online appendix) reports the results of a specification with month-of-birth 
dummy variables as covariates, demonstrating similar findings, although with a larger 
magnitude of coefficients. The effect size for memory at the optimal bandwidth with 
the addition of month-of-birth covariates is slightly more than one half of a standard 
deviation (0.55).
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Fig. 4  Sensitivity analyses (quadratic). The bold black line plots coefficients from a fuzzy regression dis-
continuity design assessing the effect of years of schooling on each cognitive outcome (word recall, verbal 
fluency, numeric ability, and serial subtraction) across a range of bandwidth choices (12 months to 60 
months). The gray areas depict 90%, 95%, and 99% confidence intervals around the treatment effect. The 
vertical line indicates the optimal bandwidth. Source: Understanding Society.
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1155Compulsory Schooling Laws and Cognitive Function

The size of schooling effects on cognitive outcomes varies with the sample defi­
nition, covariate choice, and bandwidth. Further, these estimates are not statistically 
significant in all specifications examined. Taken as a whole, however, the positive and 
statistically significant effects on memory across a range of reasonable bandwidths 
and sample definitions provide a strong case for the veracity of the main results.

Channels

Table 4 displays the results of two specifications examining the effects of remaining 
in school until age 16 on the occupation type of the first job after leaving school and 
the current job. Remaining in school until age 16 reduces the probability of taking a 
routine or semi-routine occupation immediately after leaving school by 12 percentage 
points—a statistically significant reduction—and increases the probability of taking a 
managerial or professional job immediately after leaving school by 4 percentage points. 
The effects on current occupation (measured toward the end of working life) are larger 
in magnitude. For instance, remaining in school until age 16 reduces the average proba
bility of being in a routine or semi-routine occupation by 16 percentage points.

These findings are consistent with the hypothesis that cognitively intensive occu­
pations enhance cognitive reserve and preserve cognitive function in later life. 
Quantifying the contribution of occupation type to the link between schooling and 
cognitive outcomes would ideally require a full mediation analysis. However, con-
ducting such an analysis is challenging because of a second endogeneity problem: 
occupation choice is endogenous. Despite the quasi-random variation in the treat
ment, confounding might still occur between the mediator and outcome, which would 
bias the estimation of the mediator’s contribution (Huber 2014). One strategy for 
addressing this bias is to assume conditional sequential exogeneity—that occupation 
is ignorable, given the treatment and pretreatment covariates (Huber et  al. 2016). 

Table 4  Estimated effects of remaining in school until age 16 on intermediate occupation outcomes

Marginal Effect SE

NS-SEC, First Job
  Routine, semi-routine, long-term unemployed ‒0.121 0.015
  Lower supervisory and technical ‒0.011 0.004
  Small employers and own account workers 0.009 0.002
  Intermediate occupations 0.079 0.010
  Managerial and professional 0.044 0.004
NS-SEC, Current Job
  Routine, semi-routine, long-term unemployed ‒0.155 0.010
  Lower supervisory and technical 0.003 0.001
  Small employers and own account workers 0.011 0.002
  Intermediate occupations 0.022 0.002
  Managerial and professional 0.120 0.006

Note: This table reports results from two IV ordered probit specifications estimated using maximum  
likelihood via the cmp Stata package. SEs are robust standard errors.

Source: Understanding Society.
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However, this assumption is difficult to defend in this application. A second approach 
is to find a source of exogenous variation to use as an IV for occupation choice. 
Finding a credible instrument has not been possible in this context (for a contribution 
using IVs for mediation analyses, see Frölich and Huber 2017). In the absence of a 
full mediation model, this analysis should be interpreted as only suggestive of occu
pation as a mechanism.

Discussion

Continued increases in the minimum school-leaving age aim to improve the educa
tional, economic, and social prospects of individuals who would otherwise choose to 
drop out early. Successive changes of this kind have increased the average years of 
education over the last century. Because these policies are not without cost, the size of 
social and private returns remains an important question. This study used a change in 
compulsory schooling laws enacted in 1972 in England and Wales to study the effects 
of schooling on later-life cognitive performance. The findings show that remaining in 
school until age 16 confers a protective effect on memory, ranging from one third to 
just over one half of a standard deviation, depending on the sample and model speci
fication. Little evidence was detected for effects on numeric ability or verbal fluency, 
with effect magnitudes close to 0 and statistically insignificant.

These results are consistent with previous studies, which have generally found a 
large impact of schooling on working memory among those at the lower end of the 
schooling distribution across several periods, countries, and estimation strategies 
(Banks and Mazzonna 2012; Brunello et  al. 2011; Glymour et  al. 2008; Mazzonna  
2014). The study most similar to the current one (Banks and Mazzonna 2012) exploited 
the 1947 increase in the school-leaving age in England and Wales. The 1947 reform 
had large effects on remaining in school—at a lower margin of schooling than the 1972 
reform—inducing roughly 50% of the affected cohort to remain in school to age 15 
rather than 14. On the basis of the argument about diminishing returns to education, the 
1972 reform might have been expected to yield lower cognitive returns than the earlier 
reform. However, the current study found that the effects of schooling on memory are 
within a similar range of magnitudes as those Banks and Mazzonna (2012) found (e.g., 
effects of 0.5 and 0.4 standard deviations among men and women, respectively): evi
dently, the cognitive returns to basic education have not been exhausted for an outcome 
that is especially relevant for the onset of cognitive impairment.

In contrast to working memory, the present study did not detect a causal effect on 
verbal fluency or numeric ability. This finding may be due to the lack of sensitivity 
of the cognitive battery measures employed or the older sample (by approximately 
a decade) that Banks and Mazzonna (2012) used, with the full effects on cognitive 
outcomes perhaps not materializing until older ages. On the other hand, this study’s 
younger sample circumvents issues of selective mortality, whereby those who sur
vived to be observed in the sample may have different treatment effects than those 
who did not. However, the absence of evidence for an effect on measures of numeric 
ability is consistent with other studies that have failed to detect effects of educa
tion on numeric ability measured by simple cognitive battery tests (Schneeweis et al. 
2014) and measures of financial decision-making quality (Banks et al. 2019).
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1157Compulsory Schooling Laws and Cognitive Function

Education and labor market trajectories are differentiated by gender, potentially 
suggesting differential effects of schooling for men and women. Mazzonna (2014) 
exploited changes in compulsory schooling laws across six European countries and 
found effects of schooling on cognitive function, self-rated health, and depression 
only among men, with the proposed mechanism being improved working condi
tions and labor force participation among men. Studying the 1947 school-leaving 
age increase in England and Wales, Banks and Mazzonna (2012) found relatively 
similar effects of schooling on memory among men and women. The extent to 
which these patterns generalize to more recent cohorts in England and Wales, who 
face different labor market conditions, is unclear. In this analysis, the effect mag
nitudes are large and statistically significant only among women. This finding may 
reflect changing female labor force participation rates, which were already rela­
tively high during this period in the United Kingdom compared with many Euro
pean countries and with older cohorts within the United Kingdom (Ortiz-Ospina 
et al. 2018). However, an important caveat is that the subgroup sample sizes are 
relatively small, and the effect difference between the two groups is not statisti
cally significant. In terms of potential mechanisms, the findings show economically 
and statistically significant effects of remaining in school until age 16 on the type 
of occupation entered immediately after leaving school and at older ages. These 
patterns are consistent with basic education improving cognitive reserve through 
occupation choice (Livingston et al. 2017).

Although the methods used generate internally valid estimates of the effects of 
remaining in school until age 16, the estimates may not necessarily generalize to 
other settings. The 1972 reform differed from the 1947 reform: by inducing students 
to remain in school until age 16, the 1972 reform required them to sit for age-16 
examinations, thereby increasing both years in school and the probability of qual
ification attainment. In the United Kingdom, age-16 qualifications are an important 
determinant of the economic returns to schooling. Dickson and Smith (2011) studied 
the wage returns to qualification attainment among those induced to stay in school 
until age 16 in the United Kingdom. Their results suggest that the economic returns 
to remaining in school until age 16 are likely to be driven partly by the qualifications 
gained. Similarly, Machin et al. (2020) found that pupils who passed the high-stakes 
examinations at age 16 had better labor market outcomes than observationally equiv
alent pupils who did not meet this threshold. These results have implications for sub
sequent policy reforms: an additional year of schooling on its own may yield lower 
returns than when paired with additional credentials.

A related issue is that of schooling quality versus quantity. Several studies have 
examined the returns to various dimensions of school quality (Harmon and Walker 
2000)—in the United Kingdom, school quality is often studied with reference to aca
demically selective grammar schools, which tend to be more well-resourced than 
their vocational-focused counterparts. One concern is that changes in school quality 
might confound the effects of reform-related changes in school quantity. However, 
during the period studied here, the share of academically selective grammar schools 
did not change discontinuously relative to the reform date. Similarly, the proportion 
of private (fee-paying) schools remained constant, at approximately 6% to 7%, dur
ing this period (Green et al. 2012). Therefore, my findings are indicative of the role of 
school quantity on outcomes, abstracting from the effects of quality.
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1158 E. Gorman

As global populations age, understanding the drivers of older adults’ health and 
functioning is increasingly important. This study found that remaining in school until 
age 16 exerts a causal effect on memory, an important and policy-relevant component 
of cognitive functioning. The expansion of public schooling throughout the twenti
eth century may slow the growth in the burden of adverse cognitive outcomes and 
support economic adjustment to a changing demographic structure as the cohorts 
exposed to these reforms age. ■
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