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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 addi tional year of sec ond ary school ing has 
last ing causal effects on cog ni tive func tion. I use data from Understanding Society, 
the larg est lon gi tu di nal house hold study in the United Kingdom, and exploit quasi-
exper i men tal var i a tion in school ing from the 1972 rais ing of the school-leav ing age 
in England and Wales. This reform increased the min i mum sec ond ary school‒leav ing 
age from 15 to 16 years. Cognitive func tion out comes were mea sured when par tic i-
pants were aged 48 to 60. Using a fuzzy regres sion dis con ti nu ity design, I show that 
remaining in school until age 16 improved work ing mem ory by one third to one half 
of a stan dard devi a tion. I find lim ited evi dence for causal effects on ver bal flu ency and 
mea sures of numeric abil ity. Analyses of poten tial mech a nisms showed sta tis ti cally 
sig nifi  cant effects of remaining in school until age 16 on the type of occu pa tion entered 
imme di ately after leav ing school and at older ages. These pat terns are con sis tent with 
basic edu ca tion improv ing cog ni tive out comes through occu pa tion choice. The find ings 
are robust to sen si tiv ity ana ly ses.

KEYWORDS Cognition • Health behav iors • Aging • Education • Occupation

Introduction

Cognitive func tion shapes eco nomic, social, and health out comes over the life 
cycle (Heckman et al. 2006; Wraw et al. 2015). The effi cacy of early inter ven tion 
in improv ing cog ni tive func tion is well stud ied, but less is known about whether 
these out comes are mal lea ble beyond early child hood (Heckman 2007). This study 
assesses whether sec ond ary school ing has last ing causal effects on cog ni tive func-
tion mea sured four decades after leav ing school. In later life, cog ni tive per for mance 
becomes an impor tant com po nent of healthy aging and con tin ued inde pen dent func-
tion ing (World Health Organization 2015). Among healthy indi vid u als with out 
clin i cal cog ni tive impair ment, age-related reduc tions in cog ni tive per for mance can 
impede the abil ity to per form daily activ i ties (Boyle et al. 2012; Tucker-Drob 2011) 
and man age finan cial plan ning deci sions (Hsu and Willis 2013). Such imped i ments 
have impor tant impli ca tions for con tin ued labor mar ket engage ment and retire ment 
plan ning, given ris ing state pen sion ages and the cen tral pol icy focus of supporting 
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1140 E. Gorman

con tin ued labor mar ket par tic i pa tion (OECD 2006; UK Department for Work and 
Pensions 2013).

Yet, cog ni tive impair ment is not an inev i ta ble con se quence of aging. A large body 
of work has sought to uncover mod i fi able risk fac tors across the life course. Basic 
edu ca tion is one prom is ing can di date for improv ing cog ni tive out comes. Despite 
exten sive obser va tional research dem on strat ing that school ing is a cor re late of cog ni-
tive out comes through out the life cycle (Plassman et al. 1995), few stud ies have been 
 able to iden tify a causal asso ci a tion. The main chal lenge to the cred i ble iden ti fi ca
tion of a causal effect is omit ted var i able bias: those with greater cog ni tive abil ity in 
early life may select into higher lev els of edu ca tion. Factors such as child hood health 
or par tic u lar genetic var i ants may influ ence both cog ni tion and edu ca tional attain
ment in later life (Arden et al. 2015; Boardman et al. 2015). One approach, which  
I lever age in this study, is to exploit the sub stan tial invest ments in pub licly pro vided 
edu ca tion occur ring over the last cen tury: nota bly, the suc ces sive increases in the min-
i mum age at which stu dents may leave sec ond ary school. These increases in the  
min i mum school-leav ing age rep re sent plau si bly exog e nous changes in school ing and 
are widely employed to quan tify pecu ni ary and nonpecuniary returns to edu ca tion 
(Harmon and Walker 1995; Oreopoulos and Salvanes 2011). The cohorts affected by 
these reforms are now aging, pro vid ing research ers an oppor tu nity to explore whether 
the effects of school ing per sist into later life.

The United Kingdom is an espe cially infor ma tive lab o ra tory for exam in ing the 
causal effects of school ing. The min i mum school-leav ing age was raised from 14 to 
15 years in 1947 and was raised again to 16 years in 1972. These changes affected rel-
a tively large shares of the rel e vant cohorts. For exam ple, the cor re spond ing changes 
in the United States exerted a causal effect on only approx i ma tely 5% of the stu dent 
cohort, com pared with roughly one half and one third for the 1947 and 1972 reforms 
in the United Kingdom, respec tively. Yet, the evi dence base on school ing and cog-
ni tive func tion in the United Kingdom remains lim ited, and lit tle is known about the 
under ly ing mech a nisms driv ing these long-run effects.

For England and Wales, Banks and Mazzonna (2012) established pos i tive effects 
of an addi tional year of school ing on aspects of cog ni tive func tion among the cohorts 
affected by the 1947 rais ing of the schoolleav ing age. The find ings are large in mag
ni tude, rais ing the pos si bil ity that increased pop u la tion edu ca tion could func tion as 
a pol icy tool to fos ter healthy aging. Given the large total effect size, edu ca tion’s 
pro tec tive effect on cog ni tion is unlikely to be wholly a direct effect. More plau si-
bly, edu ca tion influ ences cog ni tion indi rectly through the wider set of oppor tu ni ties 
that edu ca tion affords. However, the cohorts exposed to the 1947 reform grew up in 
unsta ble eco nomic and polit i cal cir cum stances; their choice set and con straints were 
vastly dif fer ent from those of more recent cohorts. It is unclear whether the chan nels 
through which that reform oper ated remain rel e vant in the cur rent pol icy con text, 
despite the chang ing nature of the work tasks, labor mar ket par tic i pa tion, and health 
tech nol ogy. The cur rent study there fore exam ines more recent cohorts.

The con tri bu tion of the pres ent study is to pro vide new evi dence on the causal 
effects of basic edu ca tion on a range of cog ni tive func tion out comes, using a fuzzy 
regres sion dis con ti nu ity design to exploit the 1972 rais ing of the sec ond ary school‒
leav ing age. This reform increased the min i mum school-leav ing age from 15 to 
16 years in England and Wales. I use data from Understanding Society, the larg est 
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1141Compulsory Schooling Laws and Cognitive Function

house hold panel study in the United Kingdom. Crucially, these data con tain gran u lar 
infor ma tion on the birth month and year, allowing exact iden ti fi ca tion of expo sure to 
the reform. Comparing the out comes of obser va tion ally sim i lar indi vid u als who were 
exposed ver sus unex posed to the reform yields cred i ble esti ma tes of the causal effects 
of the addi tional year of school ing.

One threat to the validity of this approach is confounding from sec u lar trends 
in lon gev ity and cog ni tion: cohortspe cific cog ni tive per for mance has been steadily 
increas ing over the twen ti eth cen tury, a trend referred to as the Flynn effect (Flynn 
1987). This effect may be influ enced not only by invest ments in mass edu ca tion dur ing 
this time but also by the increased cog ni tive stim u la tion of job tasks, improve ments 
in nutri tion, and the increas ing pro por tion of women enter ing the labor force— 
ele ments that act as confounding fac tors (Case and Paxson 2009; Skirbekk et al. 
2013). To reduce con cerns about this type of confounding, I adjust for birth cohort 
trends and use a small sam ple win dow of within roughly three years of the reform 
date to enhance the com pa ra bil ity of the treat ment and con trol units.

More gen er ally, lit tle is known about the chan nels that drive the edu ca tion– 
cog ni tion gra di ent. Several hypoth e ses high light the role of occu pa tion type—espe cially  
regard ing occu pa tional com plex ity—and the com monly cited use-it-or-lose-it 
hypoth e sis. This frame work sug gests that men tal stim u la tion may sus tain brain func-
tion, supporting the idea that more cog ni tively stim u lat ing activ i ties stave off cog ni-
tive decline (Rohwedder and Willis 2010). Similarly, pro po nents of cog ni tive reserve 
the o ries in neu ro psy chol ogy have pro posed edu ca tion and occu pa tion as key fac tors 
in increas ing men tal resilience and thereby reduc ing the clin i cal man i fes ta tions of 
brain aging (Stern 2002). I there fore assess whether the data are con sis tent with occu-
pa tion choice as a plau si ble mech a nism shap ing the effect of edu ca tion on cog ni tion.

The key find ings include a sta tis ti cally sig nifi  cant local aver age treat ment effect 
(LATE) of remaining in school until age 16 on work ing mem ory of two fifths of a stan
dard devi a tion, which ranges from one third to slightly more than one half of a stan-
dard devi a tion depending on the sam ple defi  ni tion and model spec i fi ca tion employed. 
This effect is sig nifi  cant at the 10% level or bet ter across a range of rea son able spec i fi
ca tions and exceeds the ordi nary least-squares (OLS) esti mate of 0.15 stan dard devi a-
tions. Although the OLS esti ma tes show a pos i tive asso ci a tion between school ing and 
numeric abil ity and ver bal flu ency, evi dence for a causal effect on these out comes is 
neg li gi ble. In con trast to pre vi ous stud ies, this study finds mainly larger effect sizes 
among women, although the dif fer ence between men and women was not sta tis ti-
cally sig nifi  cant. In terms of poten tial mech a nisms, ana ly ses of the effects of school
ing on inter me di ate var i ables show that remaining in school until age 16 caus ally 
impacts occu pa tion. The find ings pro vide new evi dence that basic edu ca tion caus ally 
improves work ing mem ory—an impor tant com po nent of cog ni tive func tion at older 
ages. Increasing pop u la tion lev els of edu ca tion may slow the growth in the bur den of 
cog ni tion-related dis ease and sup port eco nomic adjust ment to an aging pop u la tion.

Related Literature

Recent empir i cal stud ies have used var i a tion in min i mum school ing laws to exam-
ine the last ing effects of edu ca tion on a range of nonpecuniary out comes, includ ing  
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1142 E. Gorman

mor tal ity, self-assessed health, dis abil ity, and health behav iors (recent reviews include 
Lochner 2011; Mazumder 2012). However, fewer stud ies have focused on cog ni tive 
out comes. The first study to exploit changes in the min i mum schoolleav ing age to 
explore cog ni tion and men tal out comes was Glymour et al. (2008), which used U.S. 
state-level var i a tion to obtain instru men tal var i able (IV) esti ma tes of the effect of 
school ing on work ing mem ory and men tal sta tus among cohorts born between 1900 
and 1947. These changes in man dated school ing yielded large improve ments in per-
for mance on mem ory tests in old age, although no effects were detected for a more 
gen eral screen ing test for cog ni tive sta tus.

Banks and Mazzonna (2012) exploited the 1947 school reform in England and 
Wales, which increased the min i mum schoolleav ing age from age 14 to 15, find ing 
a large pos i tive effect of an extra year of school ing on older men’s mem ory and exec-
u tive func tion. However, the cohorts exam ined in this study grew up in very spe cific 
eco nomic and polit i cal cir cum stances, fac ing the Great Depression and the con se-
quences of the war, and expe ri enced a vastly dif fer ent school ing land scape than more 
recent cohorts. Whether the chan nels through which that reform oper ated remain rel-
e vant in the cur rent pol icy con text is unclear. Also unclear is whether the find ings 
derived from the increased school-leav ing age from 14 to 15 are appli ca ble to the 
even higher lev els of school ing man dated in more recent decades.

Davies et al. (2018) used data from the UK Biobank, a large study of bio mark ers 
and other health-related data, to exploit the 1972 increased school-leav ing age to 
assess the effects of school ing on out comes such as fluid intel li gence mea sured via 
com ple tion of 13 logic puz zles. Their IV esti ma tes revealed small pos i tive effects of 
an addi tional year of school ing on intel li gence, smaller than the cor re spond ing OLS 
find ings. However, an impor tant caveat of these find ings is that the UK Biobank is not 
a pop u la tion-rep re sen ta tive sam ple and has documented health- and socio eco nomic-
related sam ple selec tion, which can bias causal effects if the char ac ter is tics cor re-
lated with non par tic i pa tion are also cor re lated with the causal effect of inter est. This 
bias is espe cially rel e vant for older age groups, for whom selec tive mor tal ity issues 
can arise. A com par i son with nation ally rep re sen ta tive data sources showed that at 
ages 70–74, rates of all -cause mor tal ity and total can cer inci dence were, respec tively, 
46.2% and 11.8% lower among men and 55.5% and 18.1% lower among women rel-
a tive to the gen eral pop u la tion of the same age (Fry et al. 2017).

Several stud ies have exploited time series and geo graph i cal var i a tion in school-
leav ing ages across Europe by using the Survey of Health, Ageing and Retirement in 
Europe (SHARE). Schneeweis et al. (2014) found a pos i tive effect of an extra year 
of edu ca tion on mem ory and used the panel aspect to reveal evi dence of a pro tec tive 
effect against declines in ver bal flu ency with age. In addi tion to find ing increased 
mem ory scores among older men, Mazzonna (2014) documented reduced prob a bil i-
ties of depres sion and improved self-reported health. These pat terns are not lim ited to 
Europe and the United States: Huang et al. (2013) lev er aged edu ca tional dif fer ences 
in pri mary school com ple tion due to China’s Great Famine of 1959–1961 to assess 
edu ca tion effects on cog ni tive out comes at older ages. The results revealed a pro tec-
tive effect of cog ni tion, espe cially epi sodic mem ory, of up to 20%.

Generally, these stud ies documented LATE esti ma tes that exceeded OLS esti ma-
tes. Crespo et al. (2014) used SHARELIFE data—the third wave of the SHARE panel 
study, containing ret ro spec tive life his tory data—to exam ine early-life char ac ter is tics 

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



1143Compulsory Schooling Laws and Cognitive Function

of indi vid u als whose behav ior was altered by the implementations of the changes 
in school ing laws and who may have dif fer ent returns to school ing than the wider 
pop u la tion. The authors found larger effects of the reforms on years of edu ca tion 
among indi vid u als with lower socio eco nomic sta tus (mea sured by reports of liv ing 
in a dwell ing with two or fewer rooms) and indi vid u als reporting bet ter child hood 
health sta tus. Overall, they found large, pos i tive effects of extra school ing on mem ory 
and depres sion. Stratifying the sam ple by early-life char ac ter is tics revealed var i a tion 
in point esti ma tes of the causal effect of edu ca tion, although these dif fer ences were 
not sta tis ti cally sig nifi  cant.

Given the large total effect size of edu ca tion on later out comes found in many 
stud ies, the pro tec tive effect of edu ca tion on cog ni tion is unlikely to be wholly a 
direct effect. More plau si bly, edu ca tion influ ences cog ni tion indi rectly through the 
wider set of oppor tu ni ties that edu ca tion affords. Protective effects of school ing 
on later-life func tion ing could operate through any of sev eral plau si ble chan nels. 
A recent review of empir i cal stud ies iden ti fied selfreported health, bio mark ers of 
phys i o log i cal health (e.g., inflam ma tion), car dio vas cu lar dis ease and its risk fac tors, 
edu ca tion, occu pa tional tra jec to ries, and other char ac ter is tics as risk fac tors for age-
asso ci ated cog ni tive decline (Deary et al. 2009).

Occupation is a par tic u larly impor tant chan nel. In the neu ro log i cal lit er a ture,  
cog ni tive reserve is a key frame work relat ing edu ca tion, occu pa tion, and cog ni tive 
out comes (Stern 2002). It is a hypo thet i cal con struct used to explain sub stan tial var-
i a tion in cog ni tive aging and diag nosed cog ni tive impair ment observed across indi-
vid u als despite sim i lar neu ro de gen er a tive changes. In other words, cog ni tive reserve 
is the pro posed expla na tion for dif fer ences among indi vid u als in every day cog ni tive 
func tion ing declines for a given decline in brain health. Education and occu pa tional 
com plex ity are often cited as impor tant pre dic tors of cog ni tive reserve, as are other 
life style fac tors, such as die tary hab its and phys i cal exer cise. The hypoth e sis sug gests 
that indi vid u als with a greater cog ni tive reserve level may require a greater pathol ogy 
level to expe ri ence clin i cal man i fes ta tions of any diag nos able impair ment.

Several well-stud ied chan nels, espe cially those related to health behav iors, are 
likely to operate. This paper focuses on cog ni tion as the main out come and on occu pa-
tion as a mech a nism. The empir i cal evi dence for a causal effect of edu ca tion on health 
out comes and behav iors is mixed. Many cred i ble stud ies have failed to detect an effect 
on health knowl edge (Johnston et al. 2015), behav iors, and out comes (Oreopoulos  
2008; Oreopoulos and Salvanes 2009). Among the ample research on this topic, the 
most rel e vant UK-based stud ies also exploited school ing reforms. In the most com-
pre hen sive study, using two UK reforms, Clark and Royer (2013) failed to detect 
pos i tive effects of edu ca tion for a wide range of health out comes and related behav-
iors, includ ing mor tal ity, self-reported health, objec tive health mea sures (e.g., obe-
sity, being over weight, or high blood pres sure), and health-related behav iors (e.g., 
vita min intake or con sump tion of fruits and veg e ta bles). Evidence from Europe and 
the United States has shown either null results (Albarrán et al. 2020; Meghir et al. 
2012) or small pos i tive effects of school ing on health and mor tal ity (Fletcher 2014;  
Gathmann et al. 2014). Although the results over all are mixed, some evi dence sug-
gests a causal effect of edu ca tion on smok ing (de Walque 2007; Grimard and Parent 
2007) and points to smok ing as a poten tial mech a nism under ly ing the edu ca tion–
health gra di ent (Brunello et al. 2016).
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1144 E. Gorman

Setting, Data, and Methods

School Reforms in England and Wales

Many stud ies have lev er aged the 1972 increase in school-leav ing age to study the 
returns to edu ca tion (Clark and Royer 2013; Dickson et al. 2016; Oreopoulos 2008). 
Because grade reten tion (repeat ing a grade) in the United Kingdom is rare (at roughly 
1%), stay ing at school for an addi tional year gen er ally implies an increase in the 
grade lev els achieved (Borodankova and Coutinho 2011). The 1944 Education Act 
(enacted on April 1, 1947) increased the min i mum sec ond ary school–leav ing age 
from 14 to 15 years and con ferred power to raise the min i mum school-leav ing age 
again to 16 years. In March 1972, the min i mum school-leav ing age was raised to  
16 years for school cohorts born on Sep tem ber 1, 1972, or later (Woodin et al. 2012). 
This reform has been widely used to study the pecu ni ary and nonpecuniary returns 
to school ing because no coin ci dent pol icy changes occurred at this time, allowing 
research ers to iso late the impact of years of school ing. Although the 1947 increase 
in the school-leav ing age has also been widely ana lyzed, the cohorts exposed to that 
change were affected by the after math of the Great Depression and the effects of 
World War II. The 1972 change, aside from being more recent, was enacted in more 
sta ble times. Considering this more recent reform may shed light on whether the 
results from pre vi ous stud ies using the 1947 change are gen er al iz able, despite the 
con text par tic u lar i ties those ear lier cohorts faced.

In addi tion to ensur ing an extra year of school com pleted, the 1972 change led to 
greater rates of com ple tion of for mal qual i fi ca tions, with many more stu dents stay ing 
in school until the end of their 16th school year to obtain Olevel qual i fi ca tions. This 
increase in the prob a bil ity of gaining a qual i fi ca tion is impor tant. Dickson and Smith 
(2011) exploited an insti tu tional school-leav ing rule pro vid ing exog e nous var i a tion 
in qual i fi ca tion attain ment. They con firmed that some of the observed wage returns 
to an extra year of school ing in 1972 were likely due to stay ing in school to gain a 
qual i fi ca tion at age 16 in addi tion to the addi tional length of time in school.

Data and Variables

This study draws on Understanding Society, a panel study of house holds in the United 
Kingdom (McFall 2013; University of Essex et al. 2015) that began in 2009 as a rep-
re sen ta tive prob a bil ity sam ple of approx i ma tely 40,000 house holds. Participants are 
interviewed annu ally, but each wave of data col lec tion spans 24 months, cre at ing 
overlapping two-year sur vey waves. The total sam ple com prises mul ti ple sub sam ple 
com po nents: the main General Population Sample (GPS), con tinu ing Brit ish House-
hold Panel Study (BHPS) mem bers, and the Ethnic Minority Boost Sample (EMBS). 
Wave 3—conducted from Jan u ary 7, 2011, to July 12, 2013—included a cog ni tive 
abil ity mod ule mea sur ing self-rated mem ory, word recall test per for mance, numeric 
abil ity, and ver bal flu ency (McFall 2013). Wave 3 has a cross-sec tional response rate 
of 61.3%. The ana ly ses here use the sur vey weights pro vided with the data to allow 
for the pos si bil ity of endog e nous sam pling design and response prob a bil i ties. The 
weights adjust for the com plex sur vey design and com bined prob a bil i ties of being 
selected into the BHPS, GPS, and EMBS and con tinu ing to Wave 3 of the sur vey.

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



1145Compulsory Schooling Laws and Cognitive Function

Variable Construction

Years of Schooling and Cognitive Outcomes

The mea sure of school ing is the report of years of sec ond ary school ing com pleted, 
constructed as the age at which the respon dent reported leav ing school minus 5.

Memory

Episodic mem ory—retriev ing mem o ries asso ci ated with spe cific events—was mea
sured by per for mance on the imme di ate and delayed Word Recall test. Memory is an 
impor tant early indi ca tor of poten tial cog ni tive impair ment, and word recall tests are 
used in cog ni tive impair ment screen ing tests (Kim et al. 2014). After the com puter 
reads a list of 10 words aloud, the respon dent is asked to repeat these words in any 
order; the inter viewer records the num ber of words cor rectly recalled. This pro ce dure 
is repeated approx i ma tely 5 min utes later in the mod ule to mea sure delayed recall. 
Immediate and delayed word recall scores are highly cor re lated with clin i cal demen-
tia diag noses (Wu et al. 2013). The num ber of words cor rectly recalled in each test 
were summed, cre at ing a var i able rang ing from 0 to 20.

Serial Subtraction

The Serial 7 Subtraction test is a com po nent of clin i cal screen ing instru ments for 
cog ni tive impair ment: 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, respon dents are asked to begin at 100 and sub-
tract 7. Respondents are then prompted to sub tract 7 from that result, a pro cess that 
repeats until respon dents have subtracted 7 a total of five times. The num ber of cor
rect answers was summed to cre ate a var i able rang ing from 0 to 5.

Verbal Fluency

The Verbal Fluency test asked respon dents to name as many ani mals as pos si ble in  
1 min ute. In addi tion to assessing seman tic mem ory, this test assesses exec u tive func-
tion because it requires some level of abstract think ing and men tal flex i bil ity within 
a time limit. The test is from the cog ni tive assess ment com po nent of the CAMDEX, 
an inter view pro ce dure for the diag no sis and mea sure ment of demen tia in the elderly 
(Roth et al. 1986), and has been suc cess fully employed in exten sions of the MMSE 
(Kim et al. 2014). The num ber of ani mals listed ranges from 0 to 71.

Numeric Ability

Assessing the abil ity to solve every day numer i cal prob lems, the Numeric Ability test 
asked the respon dent five ques tions of increas ing com plex ity. For exam ple, the first 
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1146 E. Gorman

ques tion asked, “In a sale, a shop is sell ing all  items at half price. Before the sale, a 
sofa costs £300. How much will it cost in the sale?” The num ber of ques tions cor-
rectly answered was summed, with a range of 0–5.

The dis tri bu tions of the raw scores are presented in the online appen dix (sec tion A). 
The con tin u ous mea sures—Word Recall and Verbal Fluency—were stan dard ized by 
subtracting the sam ple mean and divid ing by the sam ple stan dard devi a tion to facil i-
tate inter pre ta tion and com pa ra bil ity with pre vi ous stud ies. The Serial 7 and Numeric 
Ability tests were dichot o mized to cre ate a binary var i able. Serial Subtraction equals 
1 for respon dents with five cor rect answers to the Serial 7 test and 0 oth er wise. 
Numeric Ability equals 1 for respon dents with four or five cor rect answers to the 
Numeric Ability test and 0 oth er wise.

Occupation Variables

I mea sure occu pa tion using the fiveclass National Statistics Socioeco nomic Classi-
fication (NSSEC). The NSSEC groups occu pa tions defined by the Standard Occu-
pational Classification into five categories: (1) semirou tine, rou tine, neverworked, 
and long-term unem ployed; (2) lower super vi sory and tech ni cal occu pa tions; (3) 
small employers and own account work ers; (4) inter me di ate occu pa tions; and (5) 
higher pro fes sional, large employers, higher man a ge rial, and admin is tra tive occu pa-
tions. The order ing of NS-SEC cap tures infor ma tion on the tasks used in the occu pa-
tion and the employ ment rela tion in terms of the amount of auton omy a worker has 
in their job.

The NSSEC is avail  able for the first job cho sen after leav ing sec ond ary school 
and the cur rent job (or pre vi ous job, if the respon dent is cur rently out of work). The 
first job is rel e vant because the activ ity cho sen imme di ately after sec ond ary school 
is espe cially ame na ble to pol icy inter ven tion. For instance, in the United Kingdom, 
a cur rent pol icy devel op ment increased the min i mum age for remaining in edu ca tion 
or train ing from 16 to 18 years. This ini tial start may have long run impli ca tions for 
labor mar ket tra jec to ries. The cur rent (or most recent) occu pa tion cap tures effects 
asso ci ated with the use-it-or-lose-it hypoth e sis: con tinu ing to engage in a stim u lat ing 
occu pa tion main tains cog ni tive reserve and staves off cog ni tive decline.

Analytic Sample

The ana ly ses use all  three Understanding Society sub sam ples: the GPS, con tinu ing 
BHPS par tic i pants, and the EMBS. I used sur vey weights through out the ana ly ses to 
adjust for unit non re sponse—the com bined prob a bil i ties of being selected into the 
BHPS, GPS, and EMBS and con tinu ing to Wave 3 of the sur vey—and the com plex 
sur vey design. Because the school loca tion was unavail able for the cohorts con sid-
ered, I could not ascer tain whether respon dents com pleted their school ing in England 
or Wales rather than Scotland or Northern Ireland. To restrict the sam ple to indi vid u-
als who com pleted their school ing in areas exposed to the reform as best as pos si ble, 
I selected those who were born in England or Wales for ana ly ses. I assumed that 
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1147Compulsory Schooling Laws and Cognitive Function

obser va tions with miss ing or unavail able infor ma tion on birth place were not born in 
England or Wales. In the pre lim i nary descrip tive sta tis tics, I used a sam ple of respon-
dents born within five years of the date deter min ing expo sure to the school reform 
(Sep tem ber 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-leav ing age. The 
reform induced more stu dents to stay in school until age 16. In line with pre vi ous 
stud ies, spill over effects into higher lev els of school ing are rare; the percentage leav-
ing school at ages 17, 18, or 19 is sim i lar before and after the reform (Chevalier et al. 
2004). Therefore, the esti ma tes in these ana ly ses are informed by those stay ing until 
age 16 rather than 15 and may not be gen er al iz able to other mar gins. Some non com-
pli ance exists: some stu dents still reported leav ing at age 15 even after the reform. 
As Clark and Royer (2013) noted, this early school-leav ing is due to the insti tu tional 
fea ture allowing stu dents to leave school in the sum mer exam period (mid-June) 
upon com ple tion of the O-level exam in their 16th year of school. For sum mer-
born stu dents, then, some pupils were age 15 when they com pleted their exam and  
left school.

Table 2 pres ents sum mary sta tis tics for key var i ables for respon dents within five 
years of the treat ment thresh old (a birthdate of Sep tem ber 1, 1957). (See the online 
appen dix for his to grams of these out comes.) The aver age age in the sam ple is roughly 
54 years; the sam ple had an aver age of 11 years of school ing.

Figure 1 plots the mean years of school by birth cohort rel a tive to the cut off of 
Sep tem ber 1, 1957. The dis con ti nu ity in mean years of school ing is evi dent in the 
full sam ple. Figure 2 shows the cor re spond ing graphs for each cog ni tive out come for 
respon dents born within five years of the treat ment thresh old (Sep tem ber 1, 1957).  
A qua dratic trend in birth cohort was fit ted to under ly ing data to show the global 
trends in the data (dashed red lines), as well as a local lin ear fit within 50 months of 
the cut off (solid blue lines).

Table 1 Percentage of the sam ple leav ing school at each age before the reform (nontreated) and after the 
reform (treated), by gen der

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 regres sion dis con ti nu ity (FRD) design (Imbens and Lemieux 2008) 
to exploit var i a tion in school ing induced by the reform. Regression dis con ti nu ity (RD) 
is pred i cated on treat ment D for indi vid u als 1, . . .i N  being assigned by the value of 
a con tin u ous covariate, iR . In this case, iR  is the month and year of birth, which falls 
on either side of a fixed cut off, c. In this appli ca tion, c is the piv otal birth cohort of 
Sep tem ber 1, 1957. In an FRD design, c induces a dis con ti nu ity in the con di tional 
prob a bil ity of receiv ing the treat ment given iR —but not nec es sar ily a jump from  
0 to 1, as in a sharp RD. Let (1)iY  and (0)iY  denote the poten tial cog ni tive out comes 
expe ri enced in the pres ence and absence of the treat ment, respec tively. Let iZ  denote  

Table 2 Summary sta tis tics for demo graphic and cog ni tive var i ables within five years of the reform 
thresh old (birthdate of Sep tem ber 1, 1957)

Mean SD Min. Max. n

Female (pro por tion) .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

expo sure to the reform; the treat ment assign ment rule is iZ  = 1[ ]iR c , where 1[] is 
the indi ca tor func tion and the treat ment is years of school ing. (1)iD  and (0)iD  denote 
the poten tial treat ments depending on the value of instru ment iZ . The FRD treat ment 
effect, FRD, is the ratio of the effect of the reform on the out come at the cut off and 
the effect of the reform on treat ment at the cut off:

        

        

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 behav ior in only one direc tion (mono to nic ity), 
the FRD esti ma tor yields a LATE at the cut off, c. Under this mono to nic ity assump-
tion, the LATE is com monly esti mated using two-stage least-squares (2SLS) regres-
sion (Hahn et al. 2001). The treat ment in this appli ca tion, years of school ing, can 
take mul ti ple dis crete lev els. Hence, the com pli ers are defined as those induced 
to take at least d years of school ing when oth er wise 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 esti mated treat ment effects are 
an aver age of the per-year treat ment effects asso ci ated with each addi tional year of 
school ing—for the com pli ers at each level of school ing—weighted by the pro por-
tions of com pli ers at each level of school ing. In this appli ca tion, lit tle weight is placed 
on school ing lev els above age 16; the treat ment effect is informed by dif fer ences in 
out comes between ages 15 and 16. Therefore, I inter pret the results as the effects of 
remaining in school until age 16.

Using a uni form ker nel and the same band width (h) for the out come and treat-
ment equa tions leads to the numer i cal equiv a lence between the FRD esti ma tor and 
the 2SLS esti ma tor (Hahn et al. 2001). Taking this approach, I used 2SLS to esti mate 
the param e ters of Eqs. (2) and (3). Let Yi denote the cog ni tive out come observed for 
indi vid ual i; ( if R c ) com prises the cen tered run ning var i able, month and year of 
birth, interacted with the reform dummy var i able. The vec tor iX  includes pre treat-
ment covariates, and iu  and i  are idi o syn cratic errors. The esti mat ing equa tions are 
as fol lows:

 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 opti mal band width, which min i mizes an approx i ma tion to 
the asymp totic mean squared error of the fuzzy RD point esti ma tor, I used the imple-
mentation of the mean squared error–opti mal band width that Calonico et al. (2016) 
devel oped. The use of an opti mal band width was complemented by a sen si tiv ity 
anal y sis through a con sid er ation of a range of band widths. In line with Kolesár and 
Rothe’s (2018) rec om men da tions, I used heteroskedasticity-robust stan dard errors. 
Clustering by month and year of birth, as Lee and Card (2008) suggested, pro duces 
sim i lar results, albeit with small stan dard errors.

In very small sam ple win dows around the reform date, it is more cred i ble that the 
reform, as a local IV, is plau si bly exog e nous with out con di tion ing on fur ther covari-
ates. Other discontinuities exactly coin ci dent with the increased school-leav ing age 
reform date are unlikely, which I explore by ensur ing that pre treat ment char ac ter is tics 
are smooth across the cut off, anal o gous to bal ance tests of back ground char ac ter is tics 
in set tings with full ran dom i za tion. In this case, involv ing esti ma tion within a very 
small win dow, the covariates increase the esti ma tes’ pre ci sion by reduc ing resid ual 
var i a tion. With larger sam ple win dows, the con cern remains that edu ca tion level and 
cog ni tive func tion might be con founded by unob served func tions of birth cohort. For 
exam ple, later cohorts who were exposed to the reform may have expe ri enced more 
favor able con di tions in early child hood and may have more edu cated par ents than 
cohorts not exposed to the reform. Although these trends are unlikely to be dis con-
tin u ous at the treat ment cut off, they may still be picked up in larger sam ple win dows. 
Therefore, this con cern moti vates adjust ment for poten tial confounding var i ables that 
may cap ture such effects. The covariates included in the RD mod els presented in 
Table 3 are a qua dratic term in age and dummy var i ables indi cat ing gen der, inter view 
month, and inter view year (because the Understanding Society sur vey waves span 
approx i ma tely two years).
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1151Compulsory Schooling Laws and Cognitive Function

In fur ther sen si tiv ity ana ly ses (shown in the online appen dix, sec tion B), I added 
dummy var i ables for birth month as covariates to cap ture seasonality effects—that is, 
sys tem atic var i a tion in birth month by fam ily back ground that could also be related 
to later edu ca tion, health, and cog ni tive out comes (Buckles and Hungerman 2013). 
Additionally, because the 1972 reform implementation coin cided with the start of the 
school term, expo sure to the reform will coin cide with any age-in-grade effects and 
there fore be cor re lated with school ing and per haps cog ni tive out comes. In sen si tiv ity 
ana ly ses, I also exam ined a wider sam ple win dow (within five years of the cut off) in 
con junc tion with a qua dratic trend in the run ning var i able. Higher order poly no mi als 
are less reli able for the esti ma tion of RD treat ment effects because of overfitting or 
biases at bound ary points. Therefore, my pre ferred esti ma tes are drawn from the local 
lin ear 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 school ing on Word Recall, Verbal 
Fluency, Numeric Ability, and Serial Subtraction. The OLS results reveal a pos i tive 
asso ci a tion between years of school ing and each cog ni tive out come. Remaining in 
school until age 16 is asso ci ated with a 0.24-stan dard-devi a tion increase in Word 
Recall, a 0.23-stan dard-devi a tion increase in Verbal Fluency, a 0.15-per cent age-point 
increase in Numeric Ability, and a 0.07-per cent age-point increase in Serial Subtrac-
tion. These results cor rob o rate find ings from pre vi ous research: the pos i tive cor re la tion  

Table 3 Ordinary least squares (OLS) and regres sion dis con ti nu ity (RD) esti ma tes of the effect of years 
of school ing on cog ni tive out comes

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 fol low ing covariates: a lin ear trend in month-of-birth birth cohort (inter-
acted with the reform dummy var i able); indi ca tors for gen der, inter view month, and inter view year; and 
a qua dratic term in age. Survey weights adjusting for unit non re sponse and sam ple design were used in 
all  spec i fi ca tions. SEs are robust stan dard errors. The F sta tis tic is the robust F sta tis tic for the firststage 
regres sion. Bandwidth refers to the num ber of month-of-birth birth cohorts included in the esti ma tion sam-
ple on each side of the treat ment cut off, selected using a data-driven pro ce dure.

Source: Understanding Society.
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1152 E. Gorman

between edu ca tion and cog ni tive out comes per sists into later life. However, these 
find ings may not nec es sar ily rep re sent causal effects because of omit ted var i able 
bias, and the RD spec i fi ca tion addresses this issue by exploiting plau si bly exog e nous 
var i a tion in school ing.

Table 3 also shows the RD esti ma tes using a lin ear spec i fi ca tion in the run ning 
var i able (birth cohort month and year). A dis con ti nu ity in aver age years of school ing 
is pres ent at the reform cut off, as reflected in the firststage results: the aver age dif
fer ence in years of school ing between those exposed ver sus unex posed to the reform 
is 0.35–0.38, depending on the sam ple win dow used. The RD esti ma tes exploit this 
jump in years of school ing. Across all  mod els, the firststage F sta tis tics are larger 
than 10, indi cat ing that the esti ma tes are unlikely to suf fer from a weak instru ment 
prob lem. Computed at the opti mally selected band width of 38 months, the RD esti-
ma tes show that an extra year of school ing is asso ci ated with a sta tis ti cally sig nifi 
cant increase of 0.42 stan dard devi a tions for Word Recall. The effect size is larger for 
delayed recall than for imme di ate recall (data not shown). For Verbal Fluency, the 
mag ni tude of the effect is 0.05 stan dard devi a tions, but this effect is not sta tis ti cally 
sig nifi  cant at con ven tional lev els.

Unlike the OLS esti ma tes, the RD spec i fi ca tions do not reveal a pos i tive asso
ci a tion between school ing and the two numer acy mea sures. For Numeric Ability, 
remaining in school until age 16 is asso ci ated with a 0.05-per cent age-point reduc tion 
in the prob a bil ity of suc cess fully answer ing four or five of the numeric abil ity ques
tions, but this effect is not sta tis ti cally sig nifi  cant at con ven tional lev els. For Serial 
Subtraction, the effect size is 0 per cent age points; again, though, this effect is not 
pre cisely esti mated, so I can not rule out larger effect sizes. The lack of impact on 
these mea sures may be due to ceil ing effects—that is, clus ter ing toward the top of 
the per for mance dis tri bu tion for these tests reduces the mea sure’s abil ity to dis tin-
guish between mod er ate and high func tion ing. Indeed, because many of these skills 
are used in every day tasks (e.g., gro cery shop ping) for indi vid u als of all  occu pa-
tions and edu ca tion lev els, they may be less influ enced by edu ca tion level. Treating  
these var i ables as con tin u ous rather than dichot o mous var i ables pro duces sim i lar 
results.

I also exam ined the poten tial for effect mod i fi ca tion by gen der. Mazzonna (2014) 
assessed the effects of an addi tional year of school ing on cog ni tive func tion across 
six Euro pean countries, find ing larger effects among men than women. The suggested 
chan nel was through increased labor force par tic i pa tion among those exposed to the 
increased school-leav ing age. However, these pat terns may not gen er al ize to other 
countries with dif fer ent pat terns of female labor force par tic i pa tion dur ing the later 
twen ti eth cen tury, such as the United Kingdom.

Table B1 (online appen dix) reports results from the same sam ple and spec i fi ca tion 
used in Table 3 and adds birth month as a covariate, with addi tional gen der sub sam ple 
esti ma tes. At the optimal bandwidth, the effect on Word Recall is sta tis ti cally sig nif-
i cant among women. However, the difference in estimates between men and women 
was not statistically significant. Figures B2 and B3 (online appen dix) show that the 
gen derspe cific esti ma tes vary by band width choice. Given the smaller sam ple sizes 
in the gen der sub groups, I did not exam ine gen der dif fer ences fur ther.
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1153Compulsory Schooling Laws and Cognitive Function

Sensitivity Analyses

To ver ify that pre treat ment char ac ter is tics are smooth across the cut off, using a fal si-
fi ca tion test anal o gous to bal ance tests of back ground char ac ter is tics in set tings with 
full ran dom i za tion, I exam ine the pat tern ing of sev eral rel e vant back ground char ac ter-
is tics: whether the respon dent’s mother has or held any for mal edu ca tional qual i fi ca
tions, whether the respon dent’s father has or held any for mal edu ca tional qual i fi ca tions, 
whether the respon dent’s father was in work when the respon dent was age 14, and 
finally the mother’s age at the respon dent’s birth. Figure B1 (online appen dix) shows 
that these var i ables do not exhibit discontinuities at the cut off.

An impor tant choice is the selection of sam ple win dow (the band width). To assess 
the sen si tiv ity of the main find ings to a range of band widths, I exam ine point esti
ma tes and con fi dence inter vals for different band widths. For instance, Figure 3 plots 
the treat ment effect on each cog ni tive out come—as well as 99%, 95%, and 90% 
con fi dence inter vals—for a range of band widths. The opti mally selected band widths 
are indi cated by ver ti cal lines. The effect size varies by band width; the effect size 
for mem ory is 0.39 at half the opti mal band width (19 months) and 0.33 at 1.5 times 

–2

–1

0

1

2

 C
oe

ffi
ci

en
t

10 20 30 40 50 60

 a. Word recall

–3

–2

–1

0

1

 C
oe

ffi
ci

en
t

10 20 30 40 50 60

 b. Verbal fluency

–1

–.5

0

.5

1

C
oe

ffi
ci

en
t

10 20 30 40 50 60

 c. Numeric ability

–1

–.5

0

.5

1

 C
oe

ffi
ci

en
t

10 20 30 40 50 60

d. Serial subtraction

 Bandwidth (months)

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 opti mal band width (57 months). Thus, the esti ma tes vary by choice of sam ple. 
However, the effects remain pos i tive and sig nifi  cant at the 10% level or bet ter across 
a rea son able range of band widths for Word Recall. In con trast, effect sizes for the 
other out comes oscil late around 0, and no sta tis ti cally sig nifi  cant effects are detected 
across all  val ues of band width choice.

Figure 4 pres ents the same plots, this time using a local qua dratic rather than local 
lin ear RD spec i fi ca tion: the local qua dratic spec i fi ca tion has the run ning var i able 
included as a qua dratic rather than lin ear term. These results dem on strate that the 
results are robust to a more flex i ble spec i fi ca tion of the birth cohort trends and cor
rob o rate the results from the lin ear spec i fi ca tion. The lin ear spec i fi ca tion is pre ferred, 
given recent research suggesting that higher order poly no mi als are an unre li able 
spec i fi ca tion in RD appli ca tions (Cattaneo et al. 2017; Gelman and Zelizer 2015). 
Figure B3 (online appen dix) reports the results of a spec i fi ca tion with monthofbirth 
dummy var i ables as covariates, dem on strat ing sim i lar find ings, although with a larger 
mag ni tude of coef fi cients. The effect size for mem ory at the opti mal band width with 
the addi tion of month-of-birth covariates is slightly more than one half of a stan dard 
devi a tion (0.55).

–2

–1

0

1

2

 C
oe

ffi
ci

en
t

20 40 60 80 100

 a. Word recall

–4

–2

0

2

 C
oe

ffi
ci

en
t

20 40 60 80 100

 b. Verbal fluency

–1

–.5

0

.5

1

 C
oe

ffi
ci

en
t

20 40 60 80 100

 c. Numeric ability

–2

–1

0

1

 C
oe

ffi
ci

en
t

20 40 60 80 100

 d. Serial subtraction

 Bandwidth (months)

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 
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The size of school ing effects on cog ni tive out comes varies with the sam ple defi 
ni tion, covariate choice, and band width. Further, these esti ma tes are not sta tis ti cally 
sig nifi  cant in all  spec i fi ca tions exam ined. Taken as a whole, how ever, the pos i tive and 
sta tis ti cally sig nifi  cant effects on mem ory across a range of rea son able band widths 
and sam ple defi  ni tions pro vide a strong case for the verac ity of the main results.

Channels

Table 4 dis plays the results of two spec i fi ca tions exam in ing the effects of remaining 
in school until age 16 on the occu pa tion type of the first job after leav ing school and 
the cur rent job. Remaining in school until age 16 reduces the prob a bil ity of tak ing a 
rou tine or semi-rou tine occu pa tion imme di ately after leav ing school by 12 per cent age 
points—a sta tis ti cally sig nifi  cant reduc tion—and increases the prob a bil ity of tak ing a 
man a ge rial or pro fes sional job imme di ately after leav ing school by 4 per cent age points. 
The effects on cur rent occu pa tion (mea sured toward the end of work ing life) are larger 
in mag ni tude. For instance, remaining in school until age 16 reduces the aver age prob a-
bil ity of being in a rou tine or semi-rou tine occu pa tion by 16 per cent age points.

These find ings are con sis tent with the hypoth e sis that cog ni tively inten sive occu
pa tions enhance cog ni tive reserve and pre serve cog ni tive func tion in later life. 
Quantifying the con tri bu tion of occu pa tion type to the link between school ing and 
cog ni tive out comes would ide ally require a full medi a tion anal y sis. However, con-
ducting such an anal y sis is chal leng ing because of a sec ond endogeneity prob lem: 
occu pa tion choice is endog e nous. Despite the quasi-ran dom var i a tion in the treat-
ment, confounding might still occur between the medi a tor and out come, which would 
bias the esti ma tion of the medi a tor’s con tri bu tion (Huber 2014). One strat egy for 
addressing this bias is to assume con di tional sequen tial exogeneity—that occu pa tion 
is ignor able, given the treat ment and pre treat ment covariates (Huber et al. 2016). 

Table 4 Estimated effects of remaining in school until age 16 on inter me di ate occu pa tion out comes

Marginal Effect SE

NS-SEC, First Job
 Routine, semi-rou tine, long-term unem ployed ‒0.121 0.015
 Lower super vi sory and tech ni cal ‒0.011 0.004
 Small employers and own account work ers 0.009 0.002
 Intermediate occu pa tions 0.079 0.010
 Managerial and pro fes sional 0.044 0.004
NS-SEC, Current Job
 Routine, semi-rou tine, long-term unem ployed ‒0.155 0.010
 Lower super vi sory and tech ni cal 0.003 0.001
 Small employers and own account work ers 0.011 0.002
 Intermediate occu pa tions 0.022 0.002
 Managerial and pro fes sional 0.120 0.006

Note: This table reports results from two IV ordered probit spec i fi ca tions esti mated using max i mum  
like li hood via the cmp Stata pack age. SEs are robust stan dard errors.

Source: Understanding Society.
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However, this assump tion is dif fi cult to defend in this appli ca tion. A sec ond approach 
is to find a source of exog e nous var i a tion to use as an IV for occu pa tion choice. 
Finding a cred i ble instru ment has not been pos si ble in this con text (for a con tri bu tion 
using IVs for medi a tion ana ly ses, see Frölich and Huber 2017). In the absence of a 
full medi a tion model, this anal y sis should be interpreted as only sug ges tive of occu-
pa tion as a mech a nism.

Discussion

Continued increases in the min i mum school-leav ing age aim to improve the edu ca-
tional, eco nomic, and social pros pects of indi vid u als who would oth er wise choose to 
drop out early. Successive changes of this kind have increased the aver age years of 
edu ca tion over the last cen tury. Because these pol i cies are not with out cost, the size of 
social and pri vate returns remains an impor tant ques tion. This study used a change in 
com pul sory school ing laws enacted in 1972 in England and Wales to study the effects 
of school ing on laterlife cog ni tive per for mance. The find ings show that remaining in 
school until age 16 con fers a pro tec tive effect on mem ory, rang ing from one third to 
just over one half of a stan dard devi a tion, depending on the sam ple and model spec i-
fi ca tion. Little evi dence was detected for effects on numeric abil ity or ver bal flu ency, 
with effect mag ni tudes close to 0 and sta tis ti cally insig nifi  cant.

These results are con sis tent with pre vi ous stud ies, which have gen er ally found a 
large impact of school ing on work ing mem ory among those at the lower end of the 
school ing dis tri bu tion across sev eral peri ods, countries, and esti ma tion strat e gies 
(Banks and Mazzonna 2012; Brunello et al. 2011; Glymour et al. 2008; Mazzonna  
2014). The study most sim i lar to the cur rent one (Banks and Mazzonna 2012) exploited 
the 1947 increase in the school-leav ing age in England and Wales. The 1947 reform 
had large effects on remaining in school—at a lower mar gin of school ing than the 1972 
reform—induc ing roughly 50% of the affected cohort to remain in school to age 15 
rather than 14. On the basis of the argu ment about diminishing returns to edu ca tion, the 
1972 reform might have been expected to yield lower cog ni tive returns than the ear lier 
reform. However, the cur rent study found that the effects of school ing on mem ory are 
within a sim i lar range of mag ni tudes as those Banks and Mazzonna (2012) found (e.g., 
effects of 0.5 and 0.4 stan dard devi a tions among men and women, respec tively): evi-
dently, the cog ni tive returns to basic edu ca tion have not been exhausted for an out come 
that is espe cially rel e vant for the onset of cog ni tive impair ment.

In con trast to work ing mem ory, the pres ent study did not detect a causal effect on 
ver bal flu ency or numeric abil ity. This find ing may be due to the lack of sen si tiv ity 
of the cog ni tive bat tery mea sures employed or the older sam ple (by approx i ma tely 
a decade) that Banks and Mazzonna (2012) used, with the full effects on cog ni tive 
out comes per haps not mate ri al iz ing until older ages. On the other hand, this study’s 
youn ger sam ple cir cum vents issues of selec tive mor tal ity, whereby those who sur-
vived to be observed in the sam ple may have dif fer ent treat ment effects than those 
who did not. However, the absence of evi dence for an effect on mea sures of numeric 
abil ity is con sis tent with other stud ies that have failed to detect effects of edu ca-
tion on numeric abil ity mea sured by sim ple cog ni tive bat tery tests (Schneeweis et al. 
2014) and mea sures of finan cial deci sionmak ing qual ity (Banks et al. 2019).
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Education and labor mar ket tra jec to ries are dif fer en ti ated by gen der, poten tially 
suggesting dif fer en tial effects of school ing for men and women. Mazzonna (2014) 
exploited changes in com pul sory school ing laws across six Euro pean countries and 
found effects of school ing on cog ni tive func tion, self-rated health, and depres sion 
only among men, with the pro posed mech a nism being improved work ing con di-
tions and labor force par tic i pa tion among men. Studying the 1947 school-leav ing 
age increase in England and Wales, Banks and Mazzonna (2012) found rel a tively 
sim i lar effects of school ing on mem ory among men and women. The extent to 
which these pat terns gen er al ize to more recent cohorts in England and Wales, who 
face dif fer ent labor mar ket con di tions, is unclear. In this anal y sis, the effect mag-
ni tudes are large and sta tis ti cally sig nifi  cant only among women. This find ing may 
reflect chang ing female labor force par tic i pa tion rates, which were already rel a
tively high dur ing this period in the United Kingdom com pared with many Euro-
pean countries and with older cohorts within the United Kingdom (Ortiz-Ospina 
et al. 2018). However, an impor tant caveat is that the sub group sam ple sizes are 
rel a tively small, and the effect dif fer ence between the two groups is not sta tis ti-
cally sig nifi  cant. In terms of poten tial mech a nisms, the find ings show eco nom i cally 
and sta tis ti cally sig nifi  cant effects of remaining in school until age 16 on the type 
of occu pa tion entered imme di ately after leav ing school and at older ages. These 
pat terns are con sis tent with basic edu ca tion improv ing cog ni tive reserve through 
occu pa tion choice (Livingston et al. 2017).

Although the meth ods used gen er ate inter nally valid esti ma tes of the effects of 
remaining in school until age 16, the esti ma tes may not nec es sar ily gen er al ize to 
other set tings. The 1972 reform dif fered from the 1947 reform: by induc ing stu dents 
to remain in school until age 16, the 1972 reform required them to sit for age-16 
exam i na tions, thereby increas ing both years in school and the prob a bil ity of qual-
i fi ca tion attain ment. In the United Kingdom, age16 qual i fi ca tions are an impor tant 
deter mi nant of the eco nomic returns to school ing. Dickson and Smith (2011) stud ied 
the wage returns to qual i fi ca tion attain ment among those induced to stay in school 
until age 16 in the United Kingdom. Their results sug gest that the eco nomic returns 
to remaining in school until age 16 are likely to be driven partly by the qual i fi ca tions 
gained. Similarly, Machin et al. (2020) found that pupils who passed the high-stakes 
exam i na tions at age 16 had bet ter labor mar ket out comes than obser va tion ally equiv-
a lent pupils who did not meet this thresh old. These results have impli ca tions for sub-
se quent pol icy reforms: an addi tional year of school ing on its own may yield lower 
returns than when paired with addi tional cre den tials.

A related issue is that of school ing qual ity ver sus quan tity. Several stud ies have 
exam ined the returns to var i ous dimen sions of school qual ity (Harmon and Walker 
2000)—in the United Kingdom, school qual ity is often stud ied with ref er ence to aca-
dem i cally selec tive gram mar schools, which tend to be more well-resourced than 
their voca tional-focused coun ter parts. One con cern is that changes in school qual ity 
might con found the effects of reform-related changes in school quan tity. However, 
dur ing the period stud ied here, the share of aca dem i cally selec tive gram mar schools 
did not change dis con tin u ously rel a tive to the reform date. Similarly, the pro por tion 
of pri vate (fee-pay ing) schools remained con stant, at approx i ma tely 6% to 7%, dur-
ing this period (Green et al. 2012). Therefore, my find ings are indic a tive of the role of 
school quan tity on out comes, abstracting from the effects of qual ity.
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1158 E. Gorman

As global pop u la tions age, under stand ing the driv ers of older adults’ health and 
func tion ing is increas ingly impor tant. This study found that remaining in school until 
age 16 exerts a causal effect on mem ory, an impor tant and pol icy-rel e vant com po nent 
of cog ni tive func tion ing. The expan sion of pub lic school ing through out the twen ti-
eth cen tury may slow the growth in the bur den of adverse cog ni tive out comes and 
sup port eco nomic adjust ment to a chang ing demo graphic struc ture as the cohorts 
exposed to these reforms age. ■
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