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Abstract

This thesis comprises three papers exploring the role of cognitive ability in returns to
education.

Chapter 2 investigates the selection effect of childhood cognitive ability on three sequen-
tial educational decisions after compulsory education, comparing the effects of pre-school
cognitive ability (at age 5) and post-compulsory school cognitive ability (at age 16). We
construct a measurement model of latent abilities. A structural equation modelling approach
is used together with maximum likelihood estimation. Findings show that both early cog-
nitive abilities have positive selection effects on encouraging people to continue education,
while post-compulsory school cognitive ability has a longer-lasting influence than pre-school
cognitive ability.

Chapter 3 analyses the treatment effect of sequential educational decisions after com-
pulsory education on midlife cognitive ability (at age 46), controlling for early cognitive
abilities and socioeconomic factors. All latent abilities are estimated through a measurement
model. The model specification is an extension of the framework presented in chapter 2 and
is adopted a structural equation modelling approach. We find that completing postgraduate
education has positive treatment effects on midlife cognitive ability. However, completing
post-compulsory education and undergraduate education has a limited impact.

Chapter 4 explores the mediation effect of midlife cognitive ability on midlife returns
to educational decisions, considering midlife earnings, physical health and mental health
as outcomes. We use the structural equation modelling approach and extend the model in
chapter 3 to rule out selection bias caused by early cognition. Results indicate that midlife
cognitive ability mediates the effects of education on midlife physical and mental health.
The impact of education on earnings is dominated by the direct impact, while the mediation

impact is minimal.



I would like to dedicate this thesis to my loving parents . ..



Table of contents

List of tables vii
List of figures X
1 Introduction 1
2 The selection effect of early cognitive abilities on educational decisions 9
2.1 Introduction . . . . . . .. L 10

2.2 Background . . . . ... 13
2.2.1 Cognitive ability and its measurement . . . . . . . . ... ... .. 13

2.2.2 The effect of cognitive ability on education . . . . ... ... ... 15

23 Methods . . . . . . . 17
2.3.1 Measurementmodel . . . . ... ... ... L. 18

2.3.2  Early cognitive developmentmodel . . . . .. ... ... ... .. 19

2.3.3 Sequential educational decisionmodel . . . . . .. ... ... ... 20

234 SEMframework . . . ... ... ..o 22

24 Data . . ... e 24
2.4.1 Sequential educational decisions . . . . . . .. .. ... ... 25

2.4.2 Early cognitive abilities . . . . ... ... ... .. oL 27

24.3 Socioeconomic background . . . . ... ..o 27

25 Results. . . . . o e 30
2.5.1 Descriptive analysis of cognitive abilities . . . .. ... ... ... 30

2.5.2 Effect of cognitive development . . . . . . .. ... ... ... .. 38

2.5.3 Selection effect of early cognitive abilities . . . . . . . . ... ... 40

2.6 Conclusions . . . . . . . ... 45

3 The treatment effect of educational decisions on midlife cognitive ability 48

3.1 Introduction . . . . . . . . . . . . . 49



Table of contents v

3.2

3.3

3.4

3.5

3.6

Literature review . . . . . . . . . ... e e e 51
3.2.1 Cognitivedevelopment . . . . . . . ... ... .. ... ...... 51
3.2.2 The bidirectional relationship between cognition and education. . . 54
Methods . . . . . . . . . e 57
3.3.1 The ‘baseline’ structuralmodel . . . . . . ... ... ... ..... 57
3.3.2 The “full’ structural model . . . . . ... ... ... ... ..... 58
333 SEMframework . .. ... .. ... ... ... ... ... 60
Data . . . . . . . e 62
34.1 Variables . . . . .. . ... 62
3.4.2 Descriptive analysis of cognitive abilities . . . . . . ... ... .. 65
Results . . . . . . . . . e 70
3.5.1 Treatment effect of educational decisions . . . .. ... ... ... 70

3.5.2 Extended analysis: the impact of education on cognition throughout
adulthood . . . . . . . . . ... 77

ConcClusions . . . . . . . e, 79

4 The mediation effect of midlife cognitive ability on the midlife returns to educa-

tional decisions 82

4.1 Introduction . . . . . . . . ... 83
4.2 Cognitive ability and returns to education . . . . ... .. ... ... ... 85
4.2.1 Cognitive ability and income returns to education . . . . . . . . .. 85

4.2.2 Cognitive ability and health returns to education . . ... ... .. 86

43 Methods . . . . . . L 89
4.3.1 A structural model for defining returns to educational decisions . . 90

4.3.2 Decomposition . . . . . . .. ... 92

433 SEMframework . .. ... ... ... .. oL 93

44 Data . .. .. e 94

45 Results. . . . . . L 100
4.6 Conclusion . . . . .. . ... 108

S5 Conclusions 111
References 115
Appendix A Appendix to Chapter 1 131

A.1 Modelling the production function for cognitive ability . . . ... ... .. 131



Table of contents vi

A2 Appendix figures . . . . ... Lo 134
A3 Appendix Tables . . . . ... .. .. ... .. ... 136
Appendix B Appendix to Chapter 2 140
B.1 Additional adult cognitive measures . . . . . . . . ... ... ... 140
B.2 Appendixtables . . . . . ... ... 141
B.3 Appendix figures . . . . ... 166
Appendix C Appendix to Chapter 3 168

C.1 Appendixtables . . . . . . . ... ... 168



List of tables

2.1
2.2
2.3
24
2.5
2.6
2.7
2.8
2.9
2.10
2.11
2.12
2.13
2.14

3.1

3.2
3.3
3.4
3.5

4.1
4.2
4.3
4.4

Number of observations changed when mergingdata . . . . . ... .. .. 25
Descriptive statistics of sequential educational decisions . . . . . . . . .. 26
Descriptive statistics of cognitive test scores . . . . . . . . . . .. ... .. 28
Selection of control variables in each structural equation . . . . ... ... 28
Sample sizes of control variables . . . . . ... ... Lo 30
Descriptive statistics of non-cognitive test scores . . . . . . . .. ... .. 31
The correlation between cognitive test scores at age five . . . . . .. .. .. 31
The correlation between cognitive test scores at age sixteen . . . . . . . . . 32
Predicted latent abilities: Loading of measurement models . . . . . . . .. 34
Definition of groups indicating change or persistence in childhood . . . . . 36
The number of observations in each group (Sand 16) . . . . . . .. .. .. 36
Results of cognitive development models . . . . . .. ... ... .. ... 39
Results of sequential educational decisionmodels . . . . . ... ... ... 43
Robustnesschecks . . . . . . ... ... L 44

Difference between general educational decisions and sequential educational

decisions . . . ... e 59
Descriptive statistics of selected variables . . . . . .. .. ... ... ... 66
Results of two structural models . . . . . .. .. ... ... ... 73
Robustnesschecks . . . . . . ... .. L 75
Extended analysis: the impact of education (completed before age 34) on

different periods of adult cognition . . . . . . . ... ... ... .. .... 78
Descriptive statistics of midlife earnings and health measures . . . . . . . . 95
Selection of control variables in each structural equation . . . . ... ... 97
All outcomes: SEM regressionresults . . . . . . .. .. ... ... .... 103

All outcomes: decomposing effects of educational decisions . . . . . . . . 105



List of tables viii

4.5 Robustnesschecks . . . . . . . . 106

A.1 Compare distributions of control variables in sample and in original dataset 136

A.2 The correlation between non-cognitive measures at the ageten . . . . . . . 137
A.3 TPW: Results of cognitive development models . . . . .. ... ... ... 138
A.4 TPW: Results of sequential educational decisionmodels . . . . . . ... .. 139
B.1 Descriptive statistics of cognitive test scores in baseline sample . . . . . . . 141
B.2 Descriptive statistics of cognitive test scores in full sample . . . . .. . .. 142
B.3 Descriptive statistics of non-cognitive test scores in full sample . . . . . . . 142

B.4 Compare distributions of selected variables in sample and in original dataset 143
B.5 The correlation between cognitive test scores at age 5, 16 and 46 in baseline
sample . . .. 145
B.6 The correlation between cognitive test scores at age 5, 16 and 46 in full sample 146
B.7 Predicted cognitive abilities: Loading of cognitive measurement models in
baseline sample . . . . . . . ... Lo 147

B.8 Predicted cognitive abilities: Loading of cognitive measurement models in

fullsample . . . ... . .. ... 148
B.9 Descriptive statistics of predicted cognition from original sample . . . . . . 149
B.10 Definition of groups indicating change or persistence in adulthood . . . . . 150
B.11 The number of observations in each defined group (16 and 46) . . . . . . . 150
B.12 Robustness checks: results of the ‘baseline’ model . . . .. ... .. ... 151
B.13 Robustness checks: OLS results of the "full’ model . . . . .. ... .. .. 153
B.14 Robustness: IPW weighted and unweighted results of the ’full’ model . . . 155

B.15 Robustness checks: results of the *full’ model using region as one of exclusive
FESIHICHIONS . . . . . vt i e e e e e e e e 158

B.16 Extended analysis: the impact of education (completed before age 34) on
different periods of adult cognition (complete results) . . . . . . ... ... 161

B.17 Compare distributions of educational decisions (completed before age 34) in

different samples . . . . . . . .. ... 164
B.18 Comparison of estimates using different educational variables . . . . . . . 165
C.1 Descriptive statistics of latent ability test scores by ages . . . . . . ... .. 168
C.2 Sample sizes of socioeconomic characteristics . . . . . . . ... ... ... 169
C.3 Predicted latent abilities: Loading of measurement models . . . . . . . .. 170

C.4 Physical health: Estimate results for different model settings . . . . . . .. 171



List of tables ix

C.5 Mental health: Estimate results for different model settings . . . . . . . .. 175
C.6 Earnings: Estimate results for different model settings . . . . . . ... ... 179

C.7 Extension analysis: Using educational decisions by age 34 and cognition at

aged2 ..o e 183
C.8 Extension analysis: Using educational decisions by age 34 and cognition at

age 42 (IPW) . . . o . e 185
C.9 Extension analysis: Using educational decisions by age 34 and cognition at

age 34 . . e 187

C.10 Extension analysis: Using educational decisions by age 34 and cognition at
age 34 (IPW) . . . . . o 189



List of figures

2.1
2.2
2.3

24

3.1
3.2
3.3
3.4
3.5

3.6

4.1
4.2
4.3
4.4

A.l
A2

B.1
B.2

A multistage sequential decision model modified from Heckman et al. (2018) 20
Structural equation modelling framework . . . . . .. .. ... ... ... 23
Kernel density estimates for two early cognitive abilities predicted from

measurementmodel . . . . ... Lo oL 35

Kernel density estimates for predicted early cognitive abilities by educational

decisions . . . . ... 37
Cognitive development curve from Anstey (2016) . . . . . . . ... .. .. 52
A multistage sequential decision model modified from Heckman et al. (2018) 59
Structural equation modelling framework for the ‘baseline’ model . . . . . 61
Structural equation modelling framework for the ‘full’ model . . . . . . .. 62

Kernel density estimates for three cognitive abilities predicted from measure-
mentmodel . . . ... 68
Kernel density estimates for predicted cognitive abilities by educational

deciSionS . . . . .. s 69

A multistage sequential decision model modified from Heckman et al. (2018) 90

Structural equation modelling framework . . . . ... ... ... ... .. 94
Kernel density estimates for outcomes at the age46 . . . . ... ... ... 98
Scatter plots for midlife outcomes . . . . ... ... ..o 99
Mean of abilities by response to each educational decision . . . . ... .. 134

Correlations between early cognitive ability and sequential educational deci-

Mean of abilities by response to each general educational decision . . . . . 166

Distribution of predicted cognition from original sample . . . .. ... .. 167



Acknowledgements

First of all, I would like to thank my supervisors, Professor Andrew M. Jones and Professor
Nigel Rice, for inspiring research ideas, sharing professional knowledge, accepting my
immaturity, and giving thoughtful support when I was sick. Following their guidance, |
gradually learned how to conduct economic research systematically from a fresher. Although
my PhD journey was full of torture, I still feel that it was all worth it. I appreciate them
for inviting me to join the warm family of Health, Econometrics and Data Group. I always
get motivated by the sharing and discussions. In particular, I want to thank Andrea, Ivan,
Toshiaki and Yuanyuan for the dinners and invaluable conversations, their support has been a
beacon of light on my academic path.

I dedicate this thesis to my mom and dad, for believing in me and funding my PhD. They
resisted a lot of pressure from around them and supported me in every decision. I could not
have come this far without their support. To Yikang, for taking care of my emotions and
health and making me feel loved and supported. To my cat Panda, for accompanying me
through every late night of lonely work and staying by my side in times of frustration and
self-denial. I also thank the rest of my family for caring about my health and reminding me
not to overwork myself.

I would like to thank all my friends who have been with me all the way. Thanks to Xi,
Wenkun, Songshan and Xinzhu, I will miss our wonderful meals and chats together and thank
them for looking after Panda while I was away in York. Thanks to Jiayi and Wenqi, I hope
we can do well in our academic paths together. A big thank to Wei and Xueyi, without their
encouragement and help, my academic career would not have started. I also wish to thank
Jiayin and Xiaying for cheering me on. I am grateful to my landlord Jason for renting me an
apartment for four years at a price I paid far below the market rate. His kindness and support
made me feel that York is a warm city.

I am grateful to the Centre for Longitudinal Studies (CLS), UCL Social Research In-
stitute, for the use of these data and to the UK Data Service for making them available
(University College London, 2024). However, neither CLS nor the UK Data Service bear any

responsibility for the analysis or interpretation of these data.



Declaration

I declare that this thesis is a presentation of original work and I am the sole author. This
work has not previously been presented for an award at this, or any other, University. All
sources are acknowledged as References. This work was not sponsored by any institution or
university.

I am the sole author of all chapters. I have presented an earlier version of Chapter 2 at a
Seminar of the Health, Econometrics and Data Group (HEDG), University of York. I have
presented an earlier version of Chapter 4 as a poster at the International Health Economics
Association (IHEA) 2023 Congress, University of Cape Town, and the 10th European Health

Economics Association (EuHEA) PhD Conference, University of Bologna.

Zuoqi Zhang
January 2024



Chapter 1
Introduction

This thesis consists of three papers on the determinants and influence of human capital by
exploring a potential path mechanism among cognitive ability, educational decisions and
midlife outcomes. Human capital often refers to the knowledge, productive skills, health
and professional skills of the labour force, which can be increased by investments in people
(e.g. education, training, health) (Goldin, 2016). The earliest concept of human capital dates
back to Smith (1776), while Fisher (1897) first formally used the term ‘human capital’ in
economics. It was not until the late 1950s, following the works by Mincer (1958) and Becker
(1962), that research on human capital became popular. Human capital is generated through
investment decisions, the cost of which is primarily the opportunity cost of an individual’s
time. Education is one of the most typical means of investment. Later, the endogenous growth
model of Galor and Weil (2000) enhanced the importance of human capital in economics.
The aggregation of people generates knowledge. Knowledge innovation creates technological
change and promotes economic growth. Meanwhile, new technologies raise the demand for
skilled labour and the return on investment in education. Accordingly, education, in turn,
increases an individual’s productivity and leads to more technological change. Moreover,
education has a positive externality, such as better health and lower crime rates. Thus,
investment in human capital not only promotes economic growth but also contributes to
poverty eradication, the creation of more inclusive societies and the reduction of income
inequality. Given these benefits, understanding the determinants and influence of human
capital is important.

Studying the returns to education has always been a popular topic in labour economics. In
recent years, with the introduction of cognitive ability into economics as a human cognitive
capital, many studies have discussed its relationship with education (e.g. Marjoribanks, 1976;
Rohde and Thompson, 2007; Spinath et al., 2006) and its potential as an economic predictor



(e.g. Glewwe, 1996; Hanushek and Woessmann, 2008; Heckman and Vytlacil, 2001; Ozawa
et al., 2022). However, health economics has focused more on the effect of cognitive function
on later health outcomes and its determinants (e.g. Auld and Sidhu, 2005; Black et al., 2015;
Bonsang et al., 2012). These studies assign different roles to cognitive ability at different
times, with early cognitive abilities considered to be a major cause of selection bias in
predicting returns to education, while adult cognitive abilities are often considered to be one
of the determinants of relevant health outcomes later in life. We are therefore motivated to
build on the existing literature and piece together relevant empirical hypotheses to explore the
different roles of cognitive ability over time on returns to education from a broader timeline.
We categorise cognitive ability into early (childhood) cognitive ability and adult (midlife)
cognitive ability. Controlling for socioeconomic status (SES), early cognitive ability may
affect sequential educational decisions after compulsory education, ultimately leading to
differences in educational attainment across individuals. Differences in education might then
influence adult cognitive ability and adult outcomes. In the meantime, returns to educational
decisions may be mediated by adult cognitive ability.

Our study requires longitudinal follow-up interview data over a long period on a fixed
population and their cognitive abilities. We make use of the 1970 British Cohort Study
(BCS70), a longitudinal survey of people born in one week of April 1970 in the UK (ex-
cluding Northern Ireland). The survey includes measures of the cognitive abilities of the
target population across various years, which is still being collected and updated. Individuals
born in 1970 grew up during a relatively stable economic period in the UK, benefiting
from improved healthcare services through the NHS and enhanced social welfare com-
pared to their parents. As teenagers, most were direct beneficiaries of the comprehensive
schooling system, an educational reform aimed at bridging the gap between traditional
grammar schools and secondary modern schools. This system provides equal educational
opportunities for all students, rather than streaming them based on exam results at age 11.
Consequently, they experienced a more inclusive education that provided equitable access
and minimised the premature streaming of students, thereby creating greater opportunities
for obtaining higher qualifications. Low initial ability pupils who would otherwise have
attended secondary modern schooling may have beneficial more from the comprehensive
schooling system than high ability pupils. Children from low socioeconomic backgrounds
also benefit from non-selective systems, which help narrow the achievement gap with their
higher socioeconomic peers. In contrast, selective systems tend to favour children from
higher socioeconomic backgrounds, who often receive more family support, giving them
an advantage in exams(Burgess et al., 2018; Cribb et al., 2013). Following the 1972 Re-



form, their minimum school leaving age was 16'. During secondary education up to age
16, individuals born in 1970 encountered a streaming education system characterised by
the O-Level (Ordinary Level) and CSE (Certificate of Secondary Education) examination
frameworks?. This streaming education system significantly influenced their academic and
career opportunities. In contrast, later cohorts, particularly those born in the 1980s and 1990s,
were affected by the 1988 Education Reform Act, which introduced a national curriculum
and standardised testing, replacing O-Levels and CSE with the GCSE (General Certificate of
Secondary Education). This reform mandated that all students sit the same examinations,
allowing those with average or lower abilities to obtain nationally recognised qualifications
and reducing inequalities associated with academic streaming. As a result, individuals born
in the 1970s experienced a less equitable educational environment compared to those born in
the 1980s and 1990s>. Later on, they entered higher education at the beginning of a period of
expansion of higher education in the UK. They benefited from greater access to university
opportunities supported by government funding that alleviated financial burdens. Many
entered university due to their academic achievements rather than facing the pressures of
tuition fees and debt encountered by later cohorts. Upon graduation, they entered a labour
market transformed by the deindustrialization associated with Thatcherism, shifting from
a manufacturing-dominated economy to one reliant on services and finance. With a lower
rate of higher education attainment at the time, university graduates enjoyed a competitive
edge in the job market. Despite economic fluctuations, their higher educational qualifications
generally enabled them to secure relatively stable and well-paying jobs. Additionally, the
1970 Equal Pay Act and the 1975 Sex Discrimination Act established a legal foundation
for women’s equal treatment in education and employment, while increasing awareness
of gender equality created greater job opportunities for women born in 1970. In contrast,
those born in the 1980s and 1990s faced a more saturated higher education environment and
structural changes in the job market, leading to a gradual decline in the premium associated
with educational qualifications. As a result, the 1970 cohort benefited from a more equitable
education system, faced fewer financial barriers to attending university, and had better job
prospects compared to later cohorts. This suggests that their educational decisions were more

likely driven by their initial abilities than by economic conditions or job market expectations.

! Although the raising of the school leaving age to 16 was implemented in 1972, the first cohorts to directly
benefit from this policy were those born in 1958.

Those who took the O-Level exams were typically viewed as academically capable, while those opting for
the CSE were perceived as having lower abilities.

3Individuals born in the 1980s and 1990s experienced a more equitable educational environment as they
participated in the General Certificate of Secondary Education (GCSE) exams. However, this fairness came
with a highly competitive atmosphere.



The main contribution of this paper is to integrate the recent literature on cognition and
education and to propose and validate a path mechanistic framework for how cognitive
abilities can play a role in the returns to educational decisions. Our path framework will
be visualised and estimated via a structural equation modelling (SEM) approach. Our work
contributes to a further understanding of the determinants and mechanisms that influence
human capital. Additionally, our research focuses on the cohort born in the UK in 1970.
By studying their educational decisions and cognitive development, we contribute to the
literature on educational and cognitive differences across generational groups. As the world
transitions into an aging society, individuals born in the 1970s are approaching old age. Our
study offers valuable insights into addressing cognitive decline, health issues, and social
welfare challenges faced by the elderly. These insights can assist policymakers in formulating
cost-effective health intervention strategies, optimising the allocation of public resources
and reducing inequality. Moreover, many countries are progressively raising the statutory
retirement age to mitigate the economic pressures associated with an aging population. Adult
education provides opportunities for lifelong learning, allowing older workers to adapt to
rapidly changing work environments and technologies. However, there is currently limited
research on the long-term impacts of education on later-life outcomes. Our study on the
effects of education completed between the ages of 16 and 46 on midlife earnings and health
contributes to addressing this gap, providing valuable insights and support for policies aimed
at managing the aging workforce and extending the retirement age. For instance, we find
that midlife health, an important component to remaining productivity into older age, is
determined largely through midlife cognitive ability as a mediator, rather than through the
direct effect of educational decisions. In addition to early cognition and education, working
in a skilled occupation also shows a positive association with midlife cognitive ability. This
suggests that, beyond education, policies could encourage older individuals to leverage their
work experience by transitioning into more skilled roles, which would not only help them
exercise their cognitive abilities but also support their health and maintain their earnings.

As a measure of human capital, cognitive ability cannot be directly observed by the
researcher (Cunha and Heckman, 2008). As such, researchers commonly use principal com-
ponent analysis (PCA) and factor analysis to reduce a set of observed cognitive measurement
variables into latent constructs that reveal latent cognitive abilities. PCA 1is a descriptive
method, which can transform a set of variables into a smaller number of uncorrelated com-
ponents that do not guarantee factor interpretability (Chumney, 2012). Exploratory factor
analysis (EFA) and confirmatory factor analysis (CFA) are both based on common factor

theory and are applicable when measurement error is expected. EFA can generate correlated



or uncorrelated factors from a set of variables, a process that is an interpretation of the raw
data. It can help distil data from several variables into a smaller number of representative
variables (Brown, 2015). In addition, CFA assumes that associations between multiple
variables are determined by the effects of an underlying structure and allows the researcher
to specify the relationship between factor and observed variables as well as the relationship
between factors. These hypothesised underlying relationships can be tested (Brown, 2015).
EFA requires that measurement error be uncorrelated, whereas CFA does not have such a
requirement (Hoyle, 2012). We refer to Heckman et al. (2018)’s measurement model of latent
abilities and apply CFA to make the factors interpretable. This is one of the main reasons
for using the SEM approach, which allows the combination of CFA and multiple regression
analysis.

SEM, also known as covariance structure modelling, aims to minimise the discrepancy
between the estimated covariance matrix and observed covariance matrix given the data®.
One of its notable advantages is the capacity to integrate and simultaneously estimate
factor analyses and regression analyses, as well as to estimate the relationship between
latent variables. It can be realised through measurement models and structural models,
where the structural model may contain multiple equations’. The advantage of estimating
multiple equations simultaneously, rather than separately, is that the overall model fit can be
statistically tested, while the advantage of the partial-information approach is that it isolates
the effect of errors when there is an incorrectly specified part of the model, rather than
allowing them to spread to other parts (Hoyle, 2012). Unlike analysis of variance (ANOVA)
and multiple regression (MR), a variable can be both dependent and independent in SEM.
In other words, a variable can be the cause of one variable and the outcome of another at
the same time, which is another reason why we chose SEM. Furthermore, SEM allows the
specification of correlated error terms among equations. The path diagram for SEM also
conveniently visualises the relationships between the variables we assume and estimate.

In addition, great care should be taken in constructing structural models. Even if the
coefficients of SEM estimation are significant, it does not mean that the effect between
variables is causal. Wright (1923) argues that ‘prior knowledge of the causal relations
is assumed as a prerequisite in the theory of path coefficients’, while Pearl (2000) also
emphasises that the prerequisite for validating causal conclusions via SEM is the causal

assumptions. When the true causal model is unknown, which is the most common scenario

4Differ from OLS, the observed and estimated data in SEM are variances and covariances (Hoyle, 2012).

3Structural models in SEM typically represent assumptions about hypothesised causal effects between
measured variables, while measurement models account for directional effects between observed and latent
variables.



in research, even if our hypothesised model matches the data, we can only say that our
model is consistent with the data, not that our model has been proven. This is the core
difference between SEM and other methods of economics. After all, path analyses were
originally intended to estimate the size of effects when the underlying causal paths were
already known (Hoyle, 2012). However, Pearl (2012) also notes that, with proper justification,
the researcher can interpret the estimated coefficients as tests of causal effects even in the
case of cross-sectional designs and correlated data. This means that it is necessary to rely
on prior theoretical and empirical knowledge when constructing a pathway model. In other
words, we must endeavour to ensure that the model is correctly specified, otherwise, in the
case of the full-information approach, a specification error in one part of the model will
affect the estimates of the rest of the model, which is the phenomenon of error propagation
(Hoyle, 2012). We, therefore, present our framework step-by-step in the following three
chapters based on the impacts of interest and explain the causal assumptions underpinning
the construction of each pathway by reviewing the literature on the relevant impacts in each
chapter, rather than simply presenting our model in one step. We have reviewed as much
recent relevant research in the fields of economics, psychology and epidemiology as possible
in constructing the empirical framework.

Chapter 2 investigates the impact of early cognition on sequential educational decisions
faced after compulsory education. The investment theory (Cattell, 1987; Deary et al., 2010)
and dual-process theory (Evans and Stanovich, 2013) explain the internal logic of the impact
of early cognition on education. People with greater early cognitive ability have an innate
learning advantage and have a selection bias on educational decisions (Heckman et al.,
2018). On this basis, we hypothesise that early ability will have a selection effect on
educational decisions. We identify two early cognitive abilities: preschool cognitive ability
which was measured when children first started primary school at the age of five, and post-
secondary cognitive ability measured when children completed their last year of compulsory
education at the age of sixteen (within the UK context). Roughly speaking, preschool
cognitive ability is expected to depend more on innate factors (and family background to
some extent), while post-compulsory school cognitive ability is influenced by compulsory
education on this basis. This can give us an idea of whether post-compulsory school cognitive
ability still impacts on educational decisions after controlling for preschool cognitive ability.
Additionally, our educational decision variables are derived from data on the highest level
of educational attainment achieved by age 46. The reason for relaxing the time constraints
on educational decisions is to minimise the constraints imposed by early backgrounds (e.g.

family income) on educational decisions and to capture the impact of early cognition on



lifelong educational decisions, in continuity with the estimation in subsequent chapters. We
find that holding other SESs constant, people with higher early cognitive abilities are more
inclined to respond positively to educational decisions at all stages, which we refer to as
the positive selection effect of early cognitive ability, with the exception of no significant
effect of preschool cognitive ability on postgraduate education decision. After controlling
for preschool cognitive ability, post-compulsory school cognitive ability still has a sizable
selection effect on all educational decisions, which presents the side effect of compulsory
education. This chapter contributes to the empirical evidence on the impact of early cognition
by exploring two specific periods of early cognitive abilities on educational decisions,
emphasises the importance of early cognitive development and sets the tone for subsequent
chapters.

Building on the structural model in Chapter 2, Chapter 3 explores the impact of educa-
tional decisions on midlife cognitive ability (at age 46)°. The study of adult cognitive ability
is an emerging area of increasing interest because it has been correlated not only to later life
quality but also to many cognitive and mental diseases (e.g. Alzheimer’s disease) (Anstey,
2016). Understanding the determinants of adult cognition can help inform policy interven-
tions to maintain a relatively high cognitive stability in the population, thereby reducing
healthcare burden and health inequalities. Recent theories (investment theory (Kievit et al.,
2017; Schweizer and Koch, 2002), transactional process theory (Dickens and Flynn, 2001;
Tucker-Drob et al., 2013) and schooling mechanism theory (Ceci and Williams, 1997; Jacob
and Parkinson, 2015; Ritchie and Tucker-Drob, 2018)) suggest that cognition and education
have a bidirectional correlation that persists throughout a person’s life. Different educational
decisions reflect different human capital investment decisions, which can ultimately lead to
different levels of midlife cognitive ability. Our study finds that those who completed post-
graduate education have higher midlife cognitive ability than those without the corresponding
education degree, a difference we refer to as the treatment effect of educational decisions.
This positive marginal treatment effect suggests that the overall education effect increases
with the level of education, which is generally consistent with the literature (Carlsson et al.,
2015; Falch and Sandgren Massih, 2011; Hatch et al., 2007a; Richards and Sacker, 2003).
Furthermore, we find limited effects of post-compulsory and undergraduate education on
midlife cognitive ability. This contradicts the results of articles that use schooling years

as a main independent variable, emphasising the importance of compulsory education and

Qur educational decisions are generated based on people’s highest educational achievement completed by
age 46. This means that all educational choices are made before the age of 46 and before adult cognitive ability
is measured. Thus there is no reverse causality.



calling for its extension (Falch and Sandgren Massih, 2011; Meghir et al., 2013). Our study
highlights the importance of higher education for adult cognitive development.

Chapter 4 extends the framework of the previous chapter by exploring the mediation
effect of midlife cognitive ability in the midlife returns to educational decisions. There
is much empirical evidence that suggests that cognitive ability influences on both income
(Glewwe, 1996; Murnane and Willett, 1995) and health (Conti et al., 2010; Hatch et al.,
2007b; Wrulich et al., 2014). Individuals with high cognitive ability tend to perform better at
work and make more rational financial investment decisions, which helps them earn higher
incomes. Meanwhile, when it comes to health, those with higher cognitive ability are more
likely to adopt healthy behaviours, make more timely use of health services and are better
at processing medical information, which helps them maintain better overall health. The
logic behind the effects of cognition partially overlaps with the effects of education (Leigh,
1983; Lleras-Muney and Lichtenberg, 2005). On the proposition that educational decisions
impact midlife cognition, examining the extent to which returns to educational decisions
are influenced by midlife cognition helps us to better understand the mechanisms of returns
to education. We consider both monetary returns (earnings) and non-monetary returns to
education (health). We find that the impact of educational decisions on midlife earnings is
mainly direct, with only a minor mediation effect from midlife cognitive ability (less than
3%). In contrast, educational decisions have a significant and positive mediation effect on
midlife physical and mental health through midlife cognitive ability, while the direct effect is
nearly negligible. This suggests that the influence of education on later-life health primarily
operates through indirect channels, with midlife cognitive ability serving as a key pathway.

Chapter 5 focuses on comparing the findings of each chapter and briefly discusses future

areas for research.



Chapter 2

The selection effect of early cognitive

abilities on educational decisions

ZU0QI ZHANG

Abstract

Do people with higher early cognitive abilities have a higher probability of moving to the
next level of education and which period of early cognitive ability is more important? To
analyse these questions, this paper carries out an empirical study to explore the influence
of preschool cognitive ability (at age 5) and post-compulsory school cognitive ability (at
age 16) on three educational decisions made after compulsory education in Britain, using
data from 1970 British Cohort Study. We specify a structural model with a combination of
a sequential decision model and a cognitive development model, using confirmatory factor
analysis as a measurement model for latent cognitive abilities. A SEM approach is applied
for estimation. We find that both early cognitive abilities have positive selection effects on
encouraging people to progress to the next stage of their education after compulsory study,
although the impact of preschool cognitive ability reduces as the level of education increases.
Our findings suggest that post-compulsory school cognitive ability holds a more stable and

long-lasting impact on educational decisions relative to preschool cognitive ability.

Keywords: Early cognitive ability, Educational decisions, British Cohort Study, Structural

equation modelling
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2.1 Introduction

Do you feel that people with high levels of education are smarter? Is this because only people
who are smart enough obtain an advanced degree, or is this because smart people are more
inclined to continue their education? Intelligence, also called cognitive ability or cognitive
skill, is a brain-based ability that is needed in the acquisition of knowledge, manipulation
of information, and reasoning. It shapes individual memory, learning, decision-making and
language abilities (Michalos, 2014). Evidence shows that cognitive ability is a substantial
predictor of academic performance (Glewwe et al., 2017; Glick and Sahn, 2010; Haile et al.,
2016; Harris, 1940; Petrides et al., 2005). Therefore, a consensus is that good academic
performance is proof of high cognitive ability. Many schools and universities will use
academic performance as one of the indicators for admitting students. So the fact that a
person has a certain educational degree means that the person’s cognitive ability is up to the
relevant standard. This ‘selection by ability’ approach to admission may give a psychological
implication that only the cognitively competent can continue their education, which could
influence people’s educational decisions to some extent. For instance, some people who are
not confident in their cognitive abilities are less likely to consider a postgraduate education.
Even if their abilities are up to standard, they are not confident that they can graduate.
Most of the literature analyses the correlation between childhood cognitive ability and
educational achievement, but little attention has been paid to the influence of early cognitive
ability on educational choice preferences. Weisbrod (1962) demonstrates the effect of
cognitive ability on education not only on the final education achievement but also on
education choice. He reveals that receiving an extra year of schooling opens up options for
additional schooling and provides opportunities for learning about personal abilities. On
that basis, Heckman et al. (2018) find strong evidence that both cognitive and non-cognitive
endowments influence educational choices and outcomes, when estimating causal effects of
education on market and non-market outcomes in early adulthood using data from the US.
They determine that the outcome difference between education groups consists of the causal
effect of education, selection bias, and sorting on gainsl, where the causal effect of education
is made up of the anticipated direct effect of education and the perceived continuation value

of schooling?. They find that high school graduation benefits everyone, especially low-ability

I'Selection bias refers to the correlation between education and unobservables (cognitive and non-cognitive
skills in Heckman et al. (2018)’s context), whereas sorting on gains refers to the correlation between education
and educational effects which are assumed to be heterogeneity in Heckman et al. (2018).

ZHeckman et al. (2018) argue that continuation values come from the dynamic sequential nature of the
schooling choice where information is updated and schooling at one stage opens up options for schooling at
later stages.
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groups. In addition, most individuals in high-ability groups gain substantial benefits from
college graduation, which indicates they have positive and substantial post-high school
continuation values, making them more inclined to continue their education, whereas the
majority of those low-ability individuals stop their studies in high school. This gives a new
interpretive perspective of the selection effect of cognitive ability on educational decisions.

Based on the framework of Heckman et al. (2018), this paper investigates the selection
effect of early cognitive ability on sequential educational decisions in a British context,
holding childhood SES constant. Different from them, with data from the BCS70, two early
cognitive abilities are considered: preschool cognitive ability measured at age five and post-
compulsory school cognitive ability measured at age 16, since children usually start to enrol
into primary school at about age five and are in their final year of compulsory education at
age 16 in Britain®. This enables us to compare the relative importance of childhood cognitive
abilities in educational decisions since preschool cognitive ability is mainly determined by
initial conditions and family backgrounds, while post-compulsory school cognitive ability
is additionally affected by compulsory education. This study focuses on three sequential
educational decisions that people face after completing compulsory education: whether
to complete post-compulsory schooling (A-levels); whether to complete undergraduate
education after post-compulsory schooling; and whether to complete postgraduate education
or above following undergraduate education. These educational decisions are recorded up to
midlife (age 46), giving individuals more time to consider and complete these. For example,
an individual may want to continue to university after completing compulsory education at
the age of 18 but may not end up doing so due to insufficient financial support. He/she may
go to work first and then complete their undergraduate education in the future. A longer
option period, therefore, allows for greater expression of individual educational preferences
while helping to mitigate the effects of early financial constraints.

We modify the dynamic sequential decision model from Heckman et al. (2018) to
estimate the selection effect of early cognitive abilities while involving a measurement model
to estimate latent cognitive abilities and avoid bias caused by measurement error. To simulate
the developmental effect between early cognitive abilities, we use a linear value-added

plus lagged inputs model of ability formation which is originally constructed by Todd and

3In 1972, the UK government raised the school leaving age to 16. Now under the Education and Skills Act
2008, children in England can leave school on the last Friday in June if they turn 16 at the end of the summer
holidays. But before they turn 18, they must choose between three options: continuing in full-time education,
starting an apprenticeship or traineeship, or spending 20 hours or more a week working or volunteering, while
in part-time education or training. In the rest of the UK, the school-leaving age remains at 16. During our target
study period, the minimum school leaving age for the sample group was 16.
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Wolpin (2007) and developed by Dickerson and Popli (2016). This entire empirical model is
estimated by a SEM approach.

We find that early cognitive abilities positively impact educational decisions, while the
influence of preschool cognitive ability fades as the educational stage moves up. Even condi-
tional on preschool cognitive ability, post-compulsory school cognitive ability still positively
impacts educational decisions, revealing the non-negligible importance of compulsory educa-
tion. The magnitude of the impact of post-compulsory cognitive ability is significantly greater
for post-compulsory and postgraduate education than for undergraduate education. This is
not surprising, given the reality that most students who enter post-compulsory schools do so
with plans to enter undergraduate education. We also find that children with more educated
parents are always more willing to continue their education, compared with children with
less educated parents. We further confirm that non-cognitive ability plays a significant role
in educational decisions, compared with cognitive ability, which is consistent with Glewwe
et al. (2017). Preschool cognition largely influences the development of post-compulsory
school cognition, while some early socioeconomic circumstances (e.g. number of siblings
and parental education) are closely associated with children’s cognitive development.

This paper contributes to the literature on the selection effect of early cognitive ability
and to that on the determinants of educational decisions. First, it offers empirical evidence
that early cognitive abilities have a positive selection effect on educational decisions after
compulsory education, controlling childhood socioeconomic backgrounds, and it confirms
that the post-compulsory school cognitive ability plays an important role which suggests
that the compulsory education policy can impact decision making about attaining additional
education. Second, it develops Heckman et al. (2018)’s multistage sequential decision model
using the British educational context. Third, it combines the sequential decision model and
cognitive development model and converts them to a SEM framework to inform follow-up
research in related fields. At the same time, this paper lays the groundwork for the subsequent
chapters of this thesis.

The remainder of this paper is organised as follows. Section 2.2 briefly reviews relevant
literature related to the selection effect of cognitive abilities. Section 2.4 introduces the data
and variables, while Section 2.3 discusses the model identification strategy. Section 2.5

reports estimation results, and Section 2.6 draws some conclusions.
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2.2 Background

2.2.1 Cognitive ability and its measurement

Cognitive abilities, also called cognitive skills or intelligence in some literature, are brain-
based abilities that are needed in the acquisition of knowledge, manipulation of information,
and reasoning. They dominate individual memory, learning, decision making and language
abilities (Michalos, 2014). Cognitive ability mainly consists of four areas (Ozawa et al., 2022)
- general intelligence, working memory, executive function and self-regulation skills. General
intelligence includes fluid intelligence and crystallised intelligence (Cattell, 1971, 1987).
Fluid intelligence is determined by the innate ability to think, reason and solve problems,
while crystallised intelligence is a list of abilities that are mastered from education and
experience, for instance, vocabulary, literacy, numeracy and mathematical skills (Molfese
et al., 2010; Schubert et al., 2019). Working memory (short-term memory) indicates the
capability of the brain to reserve and administer information in a short period, even when dis-
tracted (Alloway and Packiam Alloway, 2014). Executive function and self-regulation skills
contain planning ability, concentration, filtering of distractions, memorising of instructions,
multitasking and impulse control (Blair and Razza, 2007; Molfese et al., 2010). Dohmen
et al. (2018) argue that these different aspects of cognitive ability can be regarded as lying
along a continuum, ranging from conceptual differences in cognitive functioning to practical
domains of action and modes of knowledge acquisition.

Most literature on cognitive ability is concentrated in the fields of psychology and
epidemiology. Researchers focus on exploring the development mechanism of cognition,
to treat mental illness, brain injury and Alzheimer’s disease (Campbell et al., 2008). In
economics, the study of cognition is still a new and growing research topic. The initial
research dates back to when Mincer (1974) introduced the seminal earnings function, which
posits that higher educational attainment boosts economic outcomes, increasing earnings,
employment opportunities and gross domestic product (GDP). Cognitive ability is one of the
factors in the earnings function. In the recent literature, some economists have suggested that
educational indicators such as education attainment and school enrolment may not be the
most accurate predictors of future economic outcomes and potential human capital returns,
and that, cognitive ability may be a better predictor (e.g. Glewwe, 1996; Hanushek and
Woessmann, 2008; Heckman and Vytlacil, 2001; Ozawa et al., 2022). In addition, some
economists are keen to study the educational, financial and health returns to cognitive ability

(e.g. Bijwaard et al., 2015; Boissiere et al., 1985; Heineck and Anger, 2010), while some are
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interested in the relationship between cognitive ability, risk preference and decision-making
(e.g. Agarwal and Mazumder, 2013; Dohmen et al., 2010, 2018).

Cognitive ability is a latent and multidimensional trait; researchers apply different types
of achievement or performance tests to measure cognitive ability*. The initial interest in
measuring cognitive ability was to predict children’s academic achievement. It then was
gradually applied to hiring and managing human resources (Marks, 2013). The main reason
why the study of cognition has developed so late compared with other disciplines is the
data limitations. In most previous surveys, information on cognitive ability is often absent
(Harrati and Glymour, 2020). The lack of data on cognition makes it difficult to conduct
related research and estimation. Some studies even use academic-related skills (literacy
and numeracy test scores) and academic performance as indicators of cognitive abilities to
estimate returns of cognition on human capital (e.g. Hanushek et al., 2015; Hanushek and
Woessmann, 2008; Jacob and Parkinson, 2015). The direct use of educational variables to
refer to cognitive ability remains imprecise, although cognitive ability measurements always
involve aspects of academic skills and academic achievement tests often relate to domains of
cognition (Peng and Kievit, 2020).

Since the late twentieth century, many data designs have begun to collect cognitive-
related information. However, due to the limited knowledge of cognitive ability, many
studies tend to use cognitive indicators as a proxy for true cognition. 1Q score is one
of the common indicators and always refers to general intelligence. Ferrer et al. (2007,
2010) find a positive dynamic correlation between IQ and reading from first to 12th grades.
Raven (1998) uses Raven’s Progressive Matrices to test non-verbal reasoning ability as a
measurement of fluid intelligence. Schmitt et al. (2017) discover that executive function
(including flexibility, working memory, and inhibition) significantly and positively impacts
on reading/mathematical ability among preschool children. Using a large sample of data
from the Early Childhood Longitudinal Study, Miller-Cotto and Byrnes (2020) find that
working memory and reading/mathematics have bidirectional relations from kindergarten to
second grade.

Recently, as the importance of cognition has been recognised, more and more data sets
have developed professional and sophisticated mechanisms to capture cognition information.
Empirically, what we can observe are multiple cognitive ability test scores. However each of
these measures latent cognitive ability with measurement error (Cunha and Heckman, 2008).

For example, Jerrim and Vignoles (2013) argue that the same person may have different test

4Dohmen et al. (2018) argue that "these tests only capture cognitive ability if other factors that might affect
test performance are held constant. For example, distractions on the day of the test, and personality traits that
determine task motivation could play a role in test performance."”
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scores if they complete the test on different days, implying that there will be some noise
when using only one test score as an indicator of ‘true’ cognitive ability. This issue to some
extent can be resolved by applying a reasonable cognitive function (measurement model) and
involving multiple cognitive ability test scores in estimation. PCA and CFA (usually estimate
through SEM approach) are two common methods used to achieve this>. For instance,
with the data from the BCS70, Feinstein (2003) constructs the cognitive ability index using
PCA, and argue that parental SES has a significant and long-term impact on children’s
cognition development. Dickerson and Popli (2016) apply a SEM approach to test the effect
of persistent poverty on early cognitive development, using data from the UK Millennium
Cohort Study. McElroy et al. (2021) analyse data from the 1946 National Survey of Health
and Development, the 1958 National Child Development Study and the BCS70 to explore
the direct and indirect pathways between childhood socioeconomic position and midlife
cognitive ability, while latent cognitive abilities are estimated under a SEM framework. In
addition, Cunha and Heckman (2008) use a linear factor model to estimate latent cognitive
ability and identify the factor loading as the ratio of measurement covariances. On this
basis, Cunha (2011) takes the weighted average of the measures to obtain the error-corrected
estimate of the latent cognitive ability, which requires that at least one cognitive test is
repeated in every measurement period®. Many databases struggle to meet this requirement
since most cognitive tests are age specific. It is rare for the same test to be performed across

periods.

2.2.2 The effect of cognitive ability on education

Since education plays an important role in economic growth, there has been a great interest
in trying to understand academic development. The impact of cognitive abilities on education
has been a major discussion in cognitive research. Harris (1940) claims that cognitive ability
(intelligence) is one of the most crucial determinants of academic success, after reviewing
the results of studies on academic performance and intelligence. Subsequently, Marjoribanks
(1976) shows that increases in cognitive ability are associated with increments in academic
achievement, while Leeson et al. (2008) also argue that cognitive ability plays a unique role
in predicting academic performance in youth. Similar conclusions are reached with respect

to specific aspects of cognitive ability. Rohde and Thompson (2007) and Spinath et al. (2006)

SExplanatory Factor Analysis (EFA) is used less often because the estimation results of EFA are very closed
to PCA. However, PCA is much simpler for researchers to use.

%More introduction about Cunha and Heckman’s factor model identification can be found in Carneiro et al.
(2010, 2011); Eisenhauer et al. (2015); Heckman and Vytlacil (2005, 1999, 2007a,b).
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report that general cognitive ability predicts academic achievement, while Sun et al. (2018)
find that executive function of cognitive ability as well as preschool attendance may mediate
early academic achievement gaps in East Asia and the Pacific. Moreover, working memory
capacity also affects academic performance (Gathercole et al., 2004; Lu et al., 2011). Peng
et al. (2018) note that the working memory function of cognitive ability is implicated in early
reading acquisition and is strongly affected in future reading performance as readers gain
more reading experience.

Two cognitive theories explain how cognitive ability drives educational outcomes: invest-
ment theory and dual-process theory. The investment theory considers that the development
of cognitive ability is mainly determined by genetic, biological and health factors, not by
education. Therefore, educational outcomes are the results of a combination of environ-
mental stimulation (e.g. educational quality and environment) and investment in cognitive
ability (Cattell, 1987; Deary et al., 2010). On the other hand, the dual-process theory posits
that individuals need more cognitive resources when processing unfamiliar information
autonomously. After a while, sufficient experience is accumulated. Then, individuals can
spend less cognitive resources on this process (Evans and Stanovich, 2013). Thus, the extent
to which individuals consume cognitive resources in learning tasks depends largely on the
efficiency of execution. In the education context, when first exposed to an academic task,
individuals are more demanding of cognitive resources and higher cognitive levels. But,
as knowledge and experience gradually accumulate, long-term memory about the learning
task is developed. Therefore, in the later stage of an academic task, individuals become
less dependent on cognitive ability and instead more likely to rely on the direct retrieval of
knowledge from long-term memory (Peng and Kievit, 2020).

At the same time, cognitive ability is associated with educational attainment (Wolfle,
1985). Linn (1982) discusses how children with lower cognitive ability have a harder time
coping with the requirements of the Western educational systems. Glewwe et al. (2017) report
evidence from data on children in rural China that both cognitive and non-cognitive abilities
measured in early life are significant predictors of educational attainment after compulsory
education. Glick and Sahn (2010) demonstrate that academic performance in early primary
school, which reflects children’s cognitive ability, has a strong positive association with
later school progression. They believe the reason behind this is that a good early academic
performance leads parents to expect positive returns on a child’s education and be more
willing to invest in education. Likewise, Heckman et al. (2018) find strong evidence of ability
bias that is caused by cognitive and non-cognitive abilities at each level of education (after

compulsory education), and point out that selection bias is a major component of observed
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educational differentials for some. Based on the view of Weisbrod (1962) that receiving an
extra year of schooling opens up options for additional schooling and provides opportunities
for learning about personal abilities, Heckman et al. (2018) break down the causal effects
of schooling at a specific level into the direct benefits of receiving that education and the
possible discounted benefits of receiving subsequent education (continuation value). They
find substantial continuation value components of graduating from high school for individuals
with high ability, while for low-ability individuals, they gain substantial direct effects of
graduating from high school but little continuation value. They suggest that this may account
for the willingness of individuals with high cognitive ability to continue their education
beyond high school.

From another perspective, the effect of cognitive ability on educational attainments can
also be regarded as the effect of cognitive ability on different educational decisions. Frederick
(2005) demonstrates that the decision-making of an individual is causally determined by
general intelligence or various specific cognitive abilities, while Dohmen et al. (2018) note
that decisions made about any given task under risk and uncertainty will, at least in part, be the
result of a conscious process of mental deliberation, which consequently requires cognitive
abilities such as processing information related to probabilities and stakes, calculating
expected values, and evaluating various alternative choices.

In summary, many researchers have explored the relationship between early cognitive
ability and educational achievement, but attention to the relationship between early cognitive
ability and educational choices remains very limited. Nonetheless, we still find enough prior
knowledge from the existing literature to make the necessary assumptions for building a
structural model to investigate the selection effects of early cognitive ability on educational
decisions. On this basis, unlike most studies that use cognitive abilities in only one period, we
select two types of early cognitive abilities (preschool cognitive ability and post-compulsory
school cognitive ability) so as to further explore whether cognitive abilities in different
periods of childhood may have different impacts on educational choices. This also helps us
to improve our understanding of the relationship between early cognition and educational

decisions.

2.3 Methods

Our estimation framework is made up of a measurement model and a structural model. The
structural model consists of a dynamic sequential educational decision model to investigate

the effect of early cognitive abilities on sequential educational decisions, and a value-added
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plus lagged inputs model to catch the early cognitive development in childhood. The former is
extended from Heckman et al. (2018) to fit the educational system in Britain, while the latter
references the model of (Dickerson and Popli, 2016; Todd and Wolpin, 2007). Following the
findings of Heckman et al. (2018), we hypothesise that selection bias in the decision equation
is the result of a combination of cognitive and non-cognitive abilities, both of which are
latent variables. The purpose of the measurement model is to estimate these latent abilities

based on a set of relevant measurements.

2.3.1 Measurement model

Following Cunha and Heckman (2008), the set of cognitive and non-cognitive abilities
0c {GC, oM C} are assumed to be latent, which means they cannot be observed and measured
directly by researchers. Accordingly, we have several relevant test scores, each of which
contains partial information about the relevant latent ability. We can think of each measure
as measuring the relevant ability with "measurement error". The purpose of the measurement
model is to extract information about these latent abilities from each test score and to predict
their "true" values.

For each 6;, we have m related measures available. Let M, ; denotes the m'" measurement
result (e.g. cognitive test score) for 6; at time #. Since each measure contains partial
information about 6;, M; = (M, ...,M,,;) is systematically defined by:

M, = ¢ (9t76t>

where e, = (€1, ...,en,) is a vector of measurement errors’. We assume a linear format for

the measurement equations:
M, = Q6 + €y 2.1)

where « is a vector of factor loading that captures the association between the observed
measure and the unobserved ability, which presents the part of the information about the

latent variables contained in the measurements. To deal with the scaling, we standardise all

"We assume that  is the only factor that affects all related measurements. This assumption differs from
Heckman et al. (2018). For example, Heckman et al. (2018)’s cognitive measurement model assumes that
non-cognitive abilities affect cognitive variables in addition to including some control variables in the function.
The main reason they do this is that one of their cognitive indicators is 9th grade GPA. They argue that academic
success, while largely determined by cognitive ability, also depends on socio-emotional characteristics. However,
our cognitive indicators are scores on professional cognitive tests, which are less likely to be influenced by
other factors.
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measurement results and normalise the factor loading of the one measure for each factor in
each period to unity®. We assume the measurement errors to be normally distributed with
mean zero, be independent across measurement equations and over time (eitJ_ef,/. ., for 1 # v,
ref{l,..,T}H LI e{l,...m} and z,Z € {6F,6)°}), and be independent with 0.

After estimating the measurement models, we can obtain the estimated cognitive abilities
(6 = §C) and estimated non-cognitive ability (IVE' — gV €). We then substitute these estimates

into the subsequent structural model.

2.3.2 Early cognitive development model

The early cognitive development model aims to capture the changes in cognition across
periods in childhood. Let us assume that the stock of cognitive ability at time ¢ (C;) is a
function of the past cognitive ability stock (C;_1), some exogenous factors (Xtc) and an error

term &:

C=f (Cl_l,X,C, 8t>

where t € {1,...,T} represents the different time periods of life, with # = 0 indicates the time

of birth. We assume the development of cognitive ability over time has a linear formation”:
C=yC_1+ ArX;C + &

where ¥ is a vector of time-varying parameters to be estimated which denotes the time effect
of cognitive development, and & is the error term that is normally distributed with zero mean
and is assumed to be independent across individuals and over time. Conditional on X¢, & is
assumed to be independent of the lagged cognitive ability C;_;!? and measurement errors e.

For period t = 0, as we do not have specific measures to identify the initial cognitive
ability Cp, we assume that this initial cognitive ability is proxy by a linear combination of

initial circumstance at birth, XOC. Hence, we assume:

Co = 1X§ + &

8Switching the normalisation to the loading on other measures has no substantive effect on the results.

9This linear formation is known as the value-added specification of cognitive production function. More
details of this specification are introduced in Appendix A.1.

10We identify the cognitive model and assumptions following Dickerson and Popli (2016), except for
excluding the latent parental investment variable from the equations, as this is not relevant to our research
interests.
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In the empirical model, we consider two periods for cognitive abilities: preschool cogni-
tive ability measured at age 5 (Cs) and post-compulsory school cognitive ability measured at

age 16 (Cyg). Thus, we estimate the following equations:

Cs = %5Co + AsX§ + &5
=% (’)/()Xg + 80) + lng + &s

= YsYoXOC—i-?Lng—I— (y5€0+ &5) 2.2)
C16 = 116Cs + 416X + €16 (2.3)

where 5y represents the effect of birth conditions on preschool cognitive ability and ;¢
represents the time effect of preschool cognitive ability on post-compulsory school cognitive

ability.

2.3.3 Sequential educational decision model

Heckman et al. (2018) present a multistage sequential model of educational choices with
transitions and decision nodes for the US setting!!. We adjust it to fit the British context
and investigate the selection effects of early cognitive abilities on sequential educational
decisions over time, which is shown in Figure 2.1. In Britain, children are required to attend
compulsory education between the ages of 5 and 16. The minimum school leaving age
was 16 for our target population, which indicates that children are allowed to make their
educational decisions freely at age 16, which is the starting point of our dynamic sequential
decision model. Our dynamic decision model starts with whether to go on to post-compulsory
secondary schooling (A Level or equivalent qualifications) after completing compulsory and

ends up with choosing whether to attend postgraduate education.

W Complete Compulsory Only |

(1) Attend Post-compulsory A Level or Equivalent

Secondary Schooling N Qualifications
Y .
(3 Attend TUniversity
M _w Undergraduate Degree
Y @ Continue to

Postgraduate Education

¥ Postgraduate Degree
and Above

Fig. 2.1 A multistage sequential decision model modified from Heckman et al. (2018)

This sequential decision model also analysed in Cunha and Heckman (2007); Heckman and Navarro
(2007).
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Assuming that the sequence of decisions is irreversible, we use the nodes j € {1,....p— 1}
to describe different educational stages. At the same time, P = {1,...,p} is the set of stopping
states and p is the highest educational attainment. For each node, the agent has two possible
options: remain in the node j or progress to the next node j+ 1. An indicator D; is used to
denote the agent’s educational choice at node j: D; = 0 means the agent stops at the node j;
D; = 1 indicates that the agent does not stop and goes on to the next node j+ 1 (continues to
the next level of education)!'?. Thus, D » = 0 indicates that agents stop their education at the
state p € P.

We assume this decision process depends on the agent’s potential net utility I; at node j
of going on to the next node. People always want to continue education when its related net

utility is not less than zero:

1, ;>0

D, =
0, 1,<0

for Qj=1,jeJ,J={1,...,p—1}

where Q; indicates whether an agent reaches decision node j. Q; = 0 if the agent never
progresses to node j, while Q; = 1 indicates the person gets to the node j and makes a related
educational decision Q;. Q; = 1 also implies that agents provide a positive response to all
the decision nodes before j. By conditioning on Q; = 1, we make sure that we pay attention
to agents who are eligible to make the transition.

Individuals make their educational decisions depending on the perceived gains (utility).
We assume that selection into schooling can be fully accounted for by using observed charac-
teristics and unobserved abilities. Conditional on Q; = 1, the unobserved and continuous
utility I; is approximated by a model:

I=¢;(x"0,m),je{l,..p—1} (2.4)

where XP is a vector of observed exogenous variables that determine the transition decisions

of the agent at different nodes, and 0 is a vector of unobserved abilities which are latent

?Heckman et al. (2018) use the opposite notation that D ;= 0 if a person at node j transit to next node
J+1;D; = 1if a person stops at node j.
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cognitive and non-cognitive abilities!3. 7 is an idiosyncratic error term and assumed to be
normally distributed with mean zero.

Empirically, we cannot verify the agent’s utility of every option but only observe their
educational choice at each stage. And in line with our research interests, we list early
cognitive abilities separately and group non-cognitive ability into control variables (X). So,
for the specific binary educational decision at node j, D, the relevant utility I; is assumed
to be linearly identified by the estimated cognitive abilities (6 ) and a vector of exogenous

controls (X? )14, Thus, we have:

where f3; indicates the selection effect of early cognitive abilities on the educational decision
D;. The error term 1) is assumed to be independent of factors C and XP, as well as e and &,
which implies that the error terms of the different equations are uncorrelated. Conditional
on XP, i is assumed to be independent across individuals and transitions (M LNy, k #
K, and k,k' € {1,...,p—1}). This sequential educational decision model is estimated by

probit regression.

2.3.4 SEM framework

Figure 2.2 is a simplified diagram, presenting the structural and measurement model estimated
by the SEM approach!3. The unobserved variables (e.g. latent abilities and error terms) are
drawn in ellipses and the observable variables are in rectangles. The single-headed arrows
give us the unidirectional causal connections between two variables.

The dashed rectangle shows the measurement models of preschool cognition Cs and

post-compulsory school cognition Cy¢ (given by Equation (2.1)). For the measurement model

3 Heckman et al. (2018) defined that utility is determined by the observed and unobserved endowments. The
unobserved endowment is then decomposed into two parts: interpretable sources of omitted variable bias and
the idiosyncratic error term, while this part of interpretable sources of omitted variable bias determine how the
unobservables mediate the causal effect of education on adult outcomes. According to the latest literature that
both cognitive and non-cognitive skills play an important role in shaping educational choices and mediating the
causal effect of education, they categorise the unobservables into cognitive and non-cognitive abilities.

14Linearity is assumed for ease of interpretation, but it is not necessary. For example, using data from
National Longitudinal Survey of Youth in America, Ganzach (2000) estimates the influence of cognitive ability
in a non-linear formulation and finds that cognitive ability and mother’s education has an offsetting relationship
on educational expectation and educational attainment, while cognitive ability has a synergistic relationship
with educational expectation in determining educational attainment.

15Since there are binary variables in the model, the traditional SEM approach does not work. Instead, we
apply the generalised SEM to fit this generalised linear model. Estimation is performed by using the GSEM
command in Stata version MP18.
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Measurement Model

Mm+ 1,5 Mm,16 Mm+ 1,16

{sequential classification)

Structural Model

Fig. 2.2 Structural equation modelling framework

of latent cognitive ability at age 7, to simplify, we list only two cognitive measures M;;
and MHL,]G. Our measurement model has a reflective format which presumes that latent
factors affect observed indicators, and not vice versa (Hoyle, 2012), which is estimated via
the Confirmatory Factor Analysis (CFA) in SEM.

The structural model (given by Equation (2.2), (2.3), and (2.5)) is illustrated in the large
rectangle. For the structural model, the latent preschool cognition (Cs) is influenced by birth
conditions (Xg) and exogenous covariates (Xg), when the post-compulsory school cognition
(Cye) 1s affected by past cognitive ability (Cs) and other exogenous covariates (X1C6). Besides,
each educational decision (D) is determined by both early cognitive abilities (Cs,Cj¢) and
exogenous covariates (X?). These equations are estimated by maximum likelihood. In
the empirical application, we adopt a one-step estimation approach - the measurement and

structural models are estimated simultaneously.

16To simplify the graph, we neglect the measurement model of latent non-cognitive ability as well.
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2.4 Data

Our individual-level data comes from the BCS70, which is a longitudinal and multipurpose
study, following the lives of around 17,000 people who were born in one week of 1970
in Scotland, England and Wales. There are currently 11 waves in the BCS70, covering

1'7. Each wave collected detailed information

interviews with respondents from birth to age 5
on health, educational and social development, and economic circumstances among other
factors. Most importantly, the BCS70 tracks and measures individual cognitive ability from
early childhood to later adulthood, which allows researchers to discover the development
pattern of human cognition and study the effect of cognitive ability on other aspects of life.
This fits well with our research question.

The sample for this paper is drawn from the nine main waves of BCS70, as detailed in
Table 2.1. Due to the extended time span, natural attrition occurs in the data (e.g., loss of
contact due to relocation and changes in contact information during certain periods). Given
the research questions, our study requires participants to have taken at least one cognitive
test at ages 5 and 16. Our explanatory variables are derived from four waves corresponding
to the ages of birth, 5, 10, and 16. This yields a ‘core sample’ size of 4096. The substantial
reduction in the ‘core sample’ size is attributed to the fact that significantly fewer individuals
took the cognitive test at age 16 compared to age 5. Our explanatory variables include
educational decisions made after compulsory education. To minimise information loss, we
incorporated education data from the waves corresponding to ages 30 through 46, including
intermediate years. For participants who did not report education information at age 46, we
used their earlier (post-30) education data. We excluded the 26-year-old wave because most
individuals who pursued postgraduate education had not yet completed their degree at that
point. We believe that educational changes are relatively minimal after age 30.

After merging, we obtain two samples. The ‘baseline sample’, which includes only the
main variables of interest—namely, all cognitive test scores related to early cognition and
education in adulthood—has a sample size of 4,552. In contrast, the ‘full sample’, which
includes additional control variables, has a sample size of 2,363. As shown in Table 2.1,
despite our efforts to streamline the control variables, the sample size is significantly reduced
after excluding observations with missing values. To assess whether this sample attrition
could introduce potential bias, we compare the distributions of the control variables in our
sample with those in the original data, as presented in Table A.1. The distribution of the

control variables differed significantly between the two samples, except for mother’s age at

17People were interviewed at the ages of birth, 5, 10, 16, 26, 30, 34, 38, 42, 46, and 51. The latest wave for
the 51-year-old interview has not yet been compiled and is not available at the time of our study.
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birth. In Section 2.5.1, we further compare the distributions of cognitive abilities estimated
from the measurement model in the sample with those from the original data. The results
indicate minimal differences between the two distributions. Therefore, we conclude that the
loss of sample due to attrition may lead to bias in our model estimates. To explore the bias,
we apply inverse probability weighting to adjust for attrition and compare these results to our
main estimation results. In Section 2.5.3, we will further compare and discuss the estimation

results for the ‘baseline sample’ and the ‘full sample’.

Table 2.1 Number of observations changed when merging data

Data Achieved sample number of non-missing observations
Birth Sweep 17196 17058
Age 5 Sweep 13135 12794
Age 10 Sweep 14875 18584
Age 16 Sweep 11622 3694
Age 30 Sweep 11261 11226
Age 34 Sweep 9665 9665
Age 38 Sweep 8874 8874
Age 42 Sweep 9841 9841
Age 46 Sweep 8581 8581
No. obs in baseline sample 4552
No. obs in selected sample 2363

The baseline sample includes non-missing observations in cognitive ability tests
and educational decisions. The selected sample includes non-missing observations
in baseline sample and covariates. The education decision variables are generated
from the last five sweeps. Source: the BCS70 wave 1, 2, 3,4, 6,7, 8,9 and 10.

2.4.1 Sequential educational decisions

We consider three sequential educational decisions that people face after compulsory sec-
ondary education, which are listed in Table 2.2. Only after completing the previous education
may a person decide whether to move on to the next educational decision. Therefore, the num-
ber of observations decreases as the educational level increases. Each educational decision is a
dummy indicator, with 1 representing a positive answer. We extrapolate people’s educational
decisions based on the highest educational qualification they have obtained up to midlife
(30-46 years old), which contains four groups: compulsory schooling, post-compulsory

education, undergraduate education, and postgraduate education!8. This categorical variable

80ur measure of educational decision is obtained by extrapolating back from the individual’s highest
educational achievement. A positive answer to an educational decision implies that the person has chosen to
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Table 2.2 Descriptive statistics of sequential educational decisions

N Min Max

D1: Whether to complete post-compulsory schooling 2363 0 1

No 874
Yes 1489

D2: Whether to finish undergraduate education,

after post-compulsory schooling 1489 0 1
No 363
Yes 1126

D3: Whether to complete postgraduate education,

after undergraduate education 1126 0 1
No 875
Yes 251

Source: the BCS70 wave 10.

is gained by combining two variables from the BCS70 — the individual’s highest National
Vocational Qualification (NVQ) level from an academic qualification and the highest NVQ
level from a vocational qualification - and transforming five NVQ levels into educational
levels'®. The first and second NVQ levels are classed as compulsory secondary education.
The third level of the NVQ is equivalent to post-compulsory education. Additionally, the
fourth level of the NVQ equals undergraduate education, while the fifth level of the NVQ is
analogous to postgraduate education.

Table 2.2 shows that in the sample, around 63% of people chose to continue their
education after completing compulsory secondary schooling. This is 8 percent points higher
than the general population in wave 10. Afterwards, 76% of these individuals chose to finish
their undergraduate degrees (compared to 75% of the Wave 10 population), while only about
22% continued to complete the postgraduate education after finishing their undergraduate
education (compared with 20% of the Wave 10 population). It can be seen that the proportions
of educational decisions in the sample are close to the population, except for the proportion
of those who completed post-compulsory schooling, which is higher in the sample than in
the whole.

pursue a certain level of education and has obtained the appropriate degree certificate. For example, if a person
chooses to go to university but for some reason drops out and does not receive a diploma, in our case, the
answer to this educational decision is by default negative. In addition, we missed those who are undertaking
some stage of education at the time of the interview but have not yet obtained a certificate, as we did not have
the relevant information.

19The transformation is following the guidance from
https://cls.ucl.ac.uk/wp-content/uploads/2018/06/Deriving-highest-qualification-in-NCDS-and-BCS70.pdf



2.4 Data 27

2.4.2 Early cognitive abilities

Preschool cognitive ability and post-compulsory school cognitive ability are the two early
cognitive abilities that we focus on in this paper. Both are latent variables and cannot
be observed directly by researchers. Instead, multiple age-specific cognitive ability tests
designed by psychologists are conducted in each testing period of the BCS70. We construct
a measurement model to measure early cognitive abilities separately using these cognitive
test scores. Table 2.3 presents descriptive statistics for all related cognitive test scores. We
compute the total score for each cognitive ability test and use the standardised score in the
measurement model (Moulton et al., 2020).

Preschool cognitive ability is assessed at age five via five tests. First, the copying design
test requires the child to make two copies of eight shapes to show their visuospatial abilities.
Next is the English picture vocabulary test which asks the child to pick one from four photos
that match a particular word (a total of 56 sets). This test aims to examine the child’s verbal
ability. The human figure drawing test measures the general perceptual ability, in which
a child is asked to draw a picture of a man or a woman. To examine children’s spatial
development, the complete profile test requires children to fill in the features of a profiled
human face, such as a nose, eyes, and so on. Last, the Schonell reading test is used to evaluate
children’s “reading age” by asking them to read 50 words.

Post-compulsory school cognitive ability is also examined at age 16 by five cognitive
tests. In the spelling test, the cohort member must distinguish whether 100 words are spelled
correctly. Next, from a multiple-word choice list (75 items in total), in the vocabulary test,
the teenager needs to find the one word that shares the same meaning as the term that is
presented. The five-subscales of the condensed Edinburgh Reading Test measure a teenager’s
verbal (reading) skills from vocabulary, grammar, sequencing, comprehension, and retention.
Then, an arithmetic test includes 60 multiple-choice questions on topics such as probability,
arithmetic, and other subjects. The final test poses 11 out of the 28 matrix questions from
the matrices section of the British Ability Scales (BAS) test, which assesses the non-verbal

reasoning ability of teenagers.

2.4.3 Socioeconomic background

We control an individual’s initial birth conditions and family circumstances. Table 2.4 shows
the selection of control variables used in each estimated equation, while Table 2.5 displays

the descriptive statistics of these control variables.
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Table 2.3 Descriptive statistics of cognitive test scores

N Mean s.d. Min Max

Cognitive ability tests at age 5

Copying designs test 2362  5.07 1.93 0 8
Complete a profile test 2292 7.16  3.93 0 16
English picture vocabulary test 1796 34776  8.72 6 51
Human figure drawing test 2341 10.77  3.03 1 21
Shortened Edinburgh reading test 1175  4.08 6.21 0 49

Cognitive ability tests at age 16
Shortened Edinburgh reading test 1097 56.58 12.37 14 75

BAS matrices test 1130  9.00 1.62 1 11
Arithmetic test 1361 38.18 11.37 0 60
Spelling test 2230 16481 2642 O 198
Vocabulary test 2212 4392 1243 O 75

Source: the BCS70 wave 2 and 4.

Table 2.4 Selection of control variables in each structural equation

Eqgn (2.2) Eqgn (2.3) Eqn (2.5)

Mother’s age at birth

Birth weight

Gender

Parental education (age 5)
Number of siblings (age 5)
Non-cognitive ability (age 10)
Family income (age 16) Vv

L
L
LK

Note: Preschool cognitive ability for Eqn (2.2); Post-compulsory
school cognitive ability for Eqn (2.3); Educational decisions for
Eqn (2.5).

Case and Paxson (2010) emphasise the importance of birth weight in cognitive functions.
Birth weight is measured in kilograms, and together with mother’s age at delivery, accounts
for initial endowment and early disadvantage that the child might face, since a child with
low birth weight or younger mother more often comes from a disadvantaged background
(Hawkes and Joshi, 2012; Nakamuro et al., 2013). Gender is a dummy indicator where 1
equals male.

We select four factors to proxy early family circumstances. The number of children in
the household is likely to influence the allocation of parental resources, affecting cognitive

development (Azmitia and Hesser, 1993; Dai and Heckman, 2013; Downey, 2001) and
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educational decisions (Jensen and McHale, 2015; Karwath et al., 2014). We count the
number of siblings of cohort members and divide them into three categories: none, one
sibling, and two or more siblings. Parental education and family income are indicators of
socioeconomic gradient that is closely associated with early cognitive development (Gonzalez
et al., 2020; Khanam and Nghiem, 2016; Schady, 2011) and educational decisions (Hegna and
Smette, 2017; Taubman, 1989). Respondents report the types of educational qualifications
that their father and mother hold. Due to a large number of missing values, we construct
a new derived variable, the highest parental qualification, which refers to the mother’s or
father’s highest qualification, if one is missing. This variable contains three categories: no
qualification, lower than A level, A level and above. As for family income, the BCS70
offers a derived variable which groups the weekly household income of cohort members into
11 categories, ranging from less than £50 to more than £500. We recode them into three
groups: low-income group, medium-income group and high-income group, according to

classification guidance from the government®°

. The guidance suggests that the low-income
group includes those incomes less than 60% of the national median, and the high-income
group contains those incomes in the top 10% of the national distribution. We find that the
60% of the sample median is located in the ‘£100-149 per week’ range, and then arrange that
family income less than £150 as the low-income group, while those families with incomes
more than £350 per week comprise the high-income group. The rest of the sample belong the
medium-income group. When estimating, each type of categorical covariate is transformed
into a dummy indicator.

Furthermore, we include the non-cognitive ability to control the additional ability bias?!.
The BCS70 measures children’s non-cognitive ability at age 10. Table 2.6 presents six
selected measurements following Conti et al. (2010): the locus of control (caraloc) scale, the
perseverance scale, the cooperativeness scale, the persistence scale, the attentiveness scale
and the completeness scale. The locus of control scale, which has 20 questions, measures
children’s perceived achievement control. Five distractor questions are deleted so we obtain a
raw score range from 0 to 15 where high scores show more self-esteem and internalisation??.

The perseverance scale is based on the question ‘How much perseverance does the child

20The classification of the low-income group is follows a government website:
https : | [commonslibrary.parliament .uk/research — brie fings /sn07096/ .

2IStrictly speaking, there may be other unobservable factors that lead to omission bias. Here, we hypothesise,
based on Heckman et al. (2018)’s findings, that selection bias in the educational decision-making equation
arises from both cognitive and non-cognitive abilities.

22Questions 4, 7, 11, 15, and 19 are deleted. Each “No” response counts as one point, except for question
10 where the "Yes” response earns one point. Conti et al. (2010) only deleted 4 questions and received
raw scores ranging from O to 16. This transformation follows the guidance of the UCL website: https :
//cls.ucl.ac.uk/wp — content [uploads/2017/07/CARALOCLAWSEQ.pdf.
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Table 2.5 Sample sizes of control variables

Variable N Min Max
Initial birth conditions
Mother’s age at birth 2363 15 46
Birth weight in kilograms 2363 1.16 6.46
Gender 2363 0 1
female 1384
male 979

Early family circumstances
Number of siblings atage 5 2363 1 3

none 258
one sibling 1275
two or more siblings 830

Parental education atage 5 2363 1 3
no qualification 1080
lower than A level 898
A level and above 385

Family income at age 16 2363 1 3
low-income group 692
medium-income group 1289
high-income group 382

Source: the BCS70 wave 1, 2, and 4.

show in the face of difficult tasks?’, while the cooperativeness scale comes from the question
‘How cooperative is the child with his peers?’. Next, the persistence scale originates from
the question ‘Does the child show perseverance and persist with difficult or routine work?’.
The attentiveness scale derives from the question ‘Does the child pay attention to what is
being explained in class?’. Last, the completeness scale is measured by the question ‘Does
the child complete tasks which are started?’. The raw scores of the latter five scales range
from 1 to 47.

2.5 Results

2.5.1 Descriptive analysis of cognitive abilities

There are three latent variables that need to be estimated in this paper: preschool cognitive
ability at age five, post-compulsory school cognitive ability at age 16, and non-cognitive

ability measured at age 10. The BCS70 offers multiple measurements for each latent variable,
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Table 2.6 Descriptive statistics of non-cognitive test scores

N Mean s.d. Min Max

Locus of control scale 2363 7.62 292 0 15
Perseverance scale 2307 3093 10.78 1 47
Cooperativeness scale 2331 32.73  8.68 1 47
Completeness scale 2331 3540 1258 1 47
1
1

Attentiveness scale 2332 3443 12.17 47
Persistence scale 2340 30.87 13.03 47

Source: the BCS70 wave 3.

Table 2.7 The correlation between cognitive test scores at age five

cd5 cpS epvtdS hfd5 st

Copying designs test (cdS) 1

Complete a profile test (cp5) 0.153 1

English picture vocabulary test (epvtS) 0.201 0.112 1

Human figure drawing test (hfdS5) 0.270 0.224 0.110 1

Shortened Edinburgh reading test (srt5) 0.213 0.050 0.085 0.123 1
Source: the BCS70 wave 2.

which we have introduced in Tables 2.3 and 2.6, respectively. Tables 2.7 and 2.8 shows the
pairwise correlations between cognitive test scores, and Table A.2 displays the correlation
between non-cognitive measurements>>. We find a positive correlation between all the
measures. The average correlation between measures for post-compulsory school cognitive
ability is larger than the others. The correlation between the shortened Edinburgh Reading
Test and the vocabulary test especially is 0.757. This reveals that the measurements at age 16
have some overlap, but they still contain some idiosyncratic parts of cognitive ability.

Then we estimate these latent variables using the measurement model®*. Table 2.9
presents the estimated factor loading of measurement models which indicates the impact of
the latent variable on the related measure. It reveals that all measures are loaded positively
and significantly at the 1% significance level. The factor loading of the copying designs test,

shortened Edinburgh Reading Test and locus of control scale is constrained to equal one

2 A preliminary factor analysis has been performed on these measurements, while the Velicer (1976)
minimum average partial correlation criterion is suggested to retain one component.

24In our sample, we only require participants to complete at least one cognitive ability test. Hence, some
observations may contain missing values in some cognitive tests. The SEM approach by default applies
an equation-wise deletion approach for models with continuous latent variables, that allows estimating all
observations even with missing values, while the traditional SEM approach requires no missing values in the
sample.
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Table 2.8 The correlation between cognitive test scores at age sixteen

srtl6 ml6  vtl6  atl6  stl6
Shortened Edinburgh reading test (srt16) 1

BAS - matrices test (m 16) 0.504 1

Vocabulary test (vt16) 0.757 0.387 1

Arithmetic test (at16) 0.679 0.503 0.635 1
Spelling test (st16) 0.559 0.369 0.567 0.543 1

Source: the BCS70 wave 4.

(anchoring). The magnitudes of the standardised loading of remaining measures are above
0.50, which indicates that each measure is a significant indicator of its underlying variable.
With these loadings, we can predict the latent variables.

Figure 2.3 presents distribution graphs for two estimated cognitive abilities. The right col-
umn displays the distribution of preschool cognitive ability (at the top) and post-compulsory
school cognitive ability (at the bottom) within the sample, while the left column shows the
corresponding distributions for the tested waves. As illustrated, the shape of the distribution
curve for the sample closely resembles the overall distribution shape. In the right column, the
predicted preschool cognitive ability follows a normal distribution, which remains robust un-
der skewness and kurtosis tests. Conversely, the distribution of the predicted post-compulsory
school cognitive ability is negatively skewed (skewness = -0.97).

To assess how much discontinuity exists in cognitive performance between ages five
and 16, we group cognitive ability in each period by quartile, so that individuals are each
classified into one of the four quartile groups. By cross-tabulating the quartile groups in the
two periods, we obtain the quartile transition matrices and reassign names to each group
based on cognitive ranking changes (See Table 2.10) (Feinstein and Bynner, 2004). Table
2.11 displays summary statistics (proportions) for the five groups. We find that the low-low
group is at the bottom of the five groups in terms of average early parental education and
family income, while the high-high group is well ahead in all aspects. It seems that early
family background has an association with cognitive development. Comparing Groups 1
(low-low) and 2 (escapers), we find that it is children with higher educated parents and higher
family income who are able to overcome their early cognitive developmental disadvantages
and catch up in adolescence. By comparing Group 4 (fallers) with the other groups (Groups
3 and 5), we find that children with less educated parents and slightly lower family incomes
seem to be more likely to fall behind in adolescent cognitive development, even if they gain

an advantage in early cognitive development. Since the number of escapers (Group 2) is
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close to twice the number of fallers (Group 4), the distribution of cognitive ability changes
from normal to skewed in Figure 2.3.

Figures 2.4 and A.1 show the density curve and the mean of early cognitive abilities by
the response to the three educational decisions in order from left to right. The top row shows
the relationship between preschool cognition and educational decisions, while the bottom row
shows the relationship between post-compulsory school cognition and educational decisions.
We find that the cognitive density curves of the positive respondents are all shifted to the
right compared with the cognitive density curves of the negative respondents, except for the
graph in the upper right corner. Within cognitive ability, there is a significant gap between
the different response groups for each decision. From Figure A.1, we can visualise that the
overall level of early cognitive abilities rises with the level of education and that groups with
higher cognitive ability are more likely to respond positively to each educational decision.
This trend is more evident in post-compulsory school cognitive ability. In addition, Figure
A.2 presents the probability of continuing education in each of the three educational decisions
for each of the five groups. Children in the high-high group had the highest probability of
giving a positive response to each of the educational decisions, while those in the low-low
group had the lowest. These descriptive analyses all suggest a correlation between early

cognition and educational decisions.
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2.5.2 Effect of cognitive development

Table 2.12 shows the effect of cognitive development. The first column displays regression
results of preschool cognitive ability (Equation (2.2)), while the second column presents
regression results of post-compulsory school cognitive ability (Equation (2.3))>. We find
that preschool cognitive ability is positively associated with two birth conditions (birth weight
and mother’s age at delivery). A child birth weight of one kilogram is more likely to result
in higher preschool cognitive ability by 0.186 standard deviations, controlling early family
backgrounds. In contrast, for families with two or more siblings, children’s average preschool
cognitive ability is lower than the others. This can be explained by resource dilution (Azmitia
and Hesser, 1993). Having more siblings during childhood will lead to a reduction in parental
attention and investment allocation, affecting early cognitive development.

Next, the time effect of preschool cognitive ability on post-compulsory school cognitive
ability is 0.763 at the 1% significance level, indicating that a one standard deviation increase
in preschool cognitive ability will lead to 0.763 standard deviations of extra improvement
in post-compulsory school cognitive ability holding other factors constant. It appears that
preschool cognitive ability dominates the development of post-school cognitive ability. We
also find that children from middle- and high-income groups have an advantage in early
cognitive development over children from low-income groups.

Parental education has a sustained positive influence on both early cognitive abilities. The
higher the level of parental education, the greater the improvement in the child’s cognitive
development. For instance, the average post-compulsory school cognitive ability of children
whose parents have an A-level or above qualification is 0.266 standard deviations higher
than that of children whose parents have no educational qualifications, while children whose
parents have primary school qualifications have only 0.128 standard deviations higher of
post-compulsory school cognitive ability. In addition, girls are likely to have a higher level

of preschool cognitive ability than boys on average, and this gap tends to widen over time.

2 Equations are estimated by maximum likelihood (ML) by default.
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2.5.3 Selection effect of early cognitive abilities

Table 2.13 displays probit regression results of the sequential educational decision model.
The first row lists the selection effects of preschool cognitive ability on three sequential
educational decisions, while the second row presents the selection effects of post-compulsory
school cognitive ability. Preschool cognitive ability has the greatest impact on the likelihood
of completing undergraduate education after post-compulsory schooling, followed by its
impact on completing post-compulsory education. In contrast, it has no significant effect on
the probability of completing postgraduate education. Specifically, a one standard deviation
increase in preschool cognitive ability is associated with a 16.2 percentage point higher
probability of completing post-compulsory education and a 22.4 percentage point higher
probability of completing undergraduate education. Post-compulsory school cognitive ability
exhibits the strongest influence on the completion of post-compulsory education, followed by
its impact on postgraduate education, and lastly, on undergraduate education. For instance,
a one standard deviation increase in post-compulsory school cognitive ability results in a
32.7 percentage point increase in the probability of completing post-compulsory education,
while the probability of completing postgraduate education increases by 20.3 percentage
points. Both early cognitive abilities have positive selection effects on encouraging people
to move on to the next stage of education. Relatively speaking, preschool cognitive ability
reflects more of an individual’s innate cognition, whereas post-compulsory school cognitive
ability is influenced by compulsory education, building upon preschool cognition. The
impact of preschool cognition on educational decisions is partly direct and selective, but
also occurs indirectly by affecting post-compulsory school cognitive ability, which in turn
influences educational decisions. In other words, post-compulsory school cognitive ability
partially mediates the effect of preschool cognitive ability on educational outcomes. This
relationship is captured in our structural model. Regarding the magnitude and significance
of estimated coefficients, the influence of post-compulsory school cognitive ability on
educational decisions appears to be more consistent and stable compared to preschool
cognitive ability. This suggests that post-compulsory school cognitive ability may be a more
effective predictor of educational outcomes than preschool cognitive ability. Our findings are
consistent with Heckman et al. (2018), that is, people with high cognitive ability are more
willing to pursue higher education beyond compulsory education than those with relatively
low cognitive ability. They argue that the high-ability group has a higher probability to
continue higher education not only because they can do it but also because of other potential

benefits — sorting on gains.
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It comes as no surprise that we see the positive impact of parental education on the
educational decisions of children. If one of the parents has received a certain level of
education, their child will have a greater probability of completing further education after
compulsory education. Particularly, children of parents with an A-level qualification or
higher are about 45 percentage points more likely to choose to complete a postgraduate
education after being an undergraduate than children of less educated parents. We find that
individuals with more than two siblings have a 21.3 percent points lower probability of
completing post-compulsory education and, as a result, lose the opportunity to continue
subsequent education. This may be attributed to the fact that parents in larger families face
greater financial burdens and may encourage their children to enter the workforce earlier
to ease the family’s financial strain. Given this, it is unsurprising that families with higher
incomes are more willing to allow their children to continue with post-compulsory education.
For those who have completed post-compulsory education, we find that family income has no
direct impact on whether they complete tertiary education. One possible explanation is that,
at the time, students are largely exempt from university tuition fees2°, and the cost of living
for university students was typically covered by a combination of family support, grants?’
and student loans. Therefore, it is unlikely that family finances played a significant role in
influencing educational decisions. Meanwhile, gender differences in educational preference
are mainly observed in post-compulsory education. The proportion of men completing post-
compulsory education is 12.5 percentage points higher than that of women. One possible
explanation is that the UK government’s higher education reforms in the 1990s, along with
the growing demand for high-skilled jobs, significantly increased female participation in
higher education, gradually equalising it with that of men. Thus, while there was a gender gap
in post-compulsory education decisions made before 1990, this gap became less pronounced
in decisions related to subsequent education.

We do consider the potential endogeneity of early cognitive abilities. Apart from early
family circumstances, ignoring unobserved non-cognitive ability is very likely to cause
omitted bias. For instance, children who have more patience and self-control are more likely
to gain more knowledge and get more practice in thinking in their early home and kindergarten

education - and thus score better on cognitive tests. They are also more likely to achieve

6British university students typically complete their undergraduate education between the ages of 21 and 23.
For the individuals in our sample, this would generally have occurred between 1991 and 1993, assuming they
pursued undergraduate studies. Notably, university tuition fees were low and paid by the local government in
the UK until 1998.

2'The amount of the living grant is related to family income. Students from high-income families may
receive a smaller grant, or even none at all, while students from low-income families may receive a larger grant
to cover living expenses.
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better educational performance and have more opportunities in later education. Therefore,
we use the measurement model to estimate the latent non-cognitive ability and include it as a
control in the outcome regression. From the third row of Table 2.13, we find a strong positive
association of non-cognitive ability with all educational decisions. For an undergraduate,
a one standard deviation increase in non-cognitive ability at age 10 raises the probability
of completing a postgraduate education by 80.4 percentage points, compared with 20.3
percentage points for post-compulsory school cognitive ability. Although a direct comparison
of the coefficients between the two is not meaningful due to differences in measurement, the
results still highlight the significance of non-cognitive abilities in education.

To assess the robustness of our results, we conducted a series of robustness tests and
summarised the results in Table 2.14. Results of Model (1) represent our main findings
discussed above, while Model (2) applies inverse probability weight to address the potential
sample attrition bias?®. The two sets of results are essentially identical, with the only notable
difference being that the coefficients for preschool cognitive ability becomes smaller and
insignificant. This suggests that post-compulsory school cognition may fully mediate the
effect of preschool cognition on educational decisions. However, this does not alter our
conclusion that post-compulsory school cognition may be a better predictor of educational de-
cisions than preschool cognition. Model (3) examines the case of excluding post-compulsory
school cognition. We find that even without considering post-compulsory school cognition,
preschool cognition still has no significant direct effect on the likelihood of completing
postgraduate education. Model (4) is the scenario where no control variables are included.
We observe that the coefficients of preschool cognitive ability become larger. Additionally, by
excluding control variables, we can use a larger sample, referred to as the ‘baseline sample’
in Section 2.4. Model (6) is estimated using this ‘baseline sample’. The results are very
similar to those of model (4). This suggests that sample size does not substantially affect the
estimated results. Model (5) excludes the cognitive development model, reducing our struc-
tural model to a probit regression of the three education equations. Although the results do
not differ significantly from our main model, the latter provides a more detailed examination
of the potential transmission pathways through which preschool cognitive abilities influence

education.

28Following the approach outlined by Jones et al. (2006); Robins et al. (1995); Wooldridge (2002), we
estimated the inverse probability weight based on the probability of sample loss, using non-missing variables
from the birth wave. In the birth wave, there were only about 10 variables without missing values, none of
which were related to social status or family background. Some variables also had a potential multicollinearity
risk, particularly in relation to previous pregnancy or abortion experiences. After careful consideration, three
independent variables were selected for the probability regression: the number of previous pregnancies, the
mother’s participation in completing the family background questionnaire, and region.
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2.6 Conclusions

The purpose of this paper is to investigate the selection effect of two early cognitive abilities
on three sequential educational decisions made after compulsory education in Britain, using
data from the BCS70. This selection effect refers to the fact that people with different
cognitive abilities may have different preferences for educational decisions. We adopt a
SEM approach, with a measurement model for latent abilities and a structural model which
combines a dynamic sequential decision model and a cognitive development model.

Our findings show a positive selection effect of early cognitive ability on individual
educational decisions. This finding is consistent within the existing literature (see e.g.
Frederick, 2005; Heckman et al., 2018). The direct influence of post-compulsory school
cognitive ability persists in all three educational decisions, while the effect of preschool
cognitive ability disappears as the level of educational attainment increases. We find a large
discontinuity in cognitive performance between ages five and 16, which is strongly associated
with family background. This is consistent with Feinstein and Bynner (2004), who also
report that changes in mid-childhood also strongly impact early adult outcomes, even more
so than the impact of cognitive development before age five. Given the finding from the
early cognitive development model that preschool cognition governs the development of
post-compulsory school cognition, post-compulsory school cognitive ability may mediate
the influence of preschool school cognitive ability on educational decisions. The importance
of early cognition is widely recognised, but which period of cognitive ability plays a greater
role has not been compared yet. Our findings help to fill this research gap by confirming
that after controlling for preschool cognitive ability, the selection effect of post-compulsory
school cognitive ability on educational decisions remains significant.

The range of educational decisions people make after compulsory education is linked
to subsequent educational attainment and later adult outcomes. Exploring the determinants
of the individual educational decision-making process can support policymakers in better
designing related policy. Our findings also confirm the need for active intervention in
early cognitive development and the significance of compulsory education policy. Many
researchers have emphasised the importance of early investments, especially for infancy and
early childhood (see e.g. Cunha and Heckman, 2008; Ozawa et al., 2022). Our findings
suggest that children’s cognitive development in the middle and later childhood also deserves
attention.

In addition to cognition (intelligence), parental education and family income are often

recognised as significant predictors of children’s educational outcomes. We find that children
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with educated parents tend to have a higher probability of continuing their education, a
phenomenon referred to as the intergenerational transmission of educational attainment. Gan-
zach (2000) suggests that more educated parents are better equipped to facilitate children’s
learning by creating a better social and physical environment. The importance of family
background on education is well established in the literature (see e.g. De Graaf and Huinink,
1992; White, 1982; Wilson, 2001).

There are two primary reasons why family income has an impact on educational decisions.
The first is the willingness to pursue education. Higher-income parents are generally better
educated and demonstrate a stronger preference for higher education for their children. They
also have greater access to educational resources that enhance their children’s academic
performance and college readiness (Looker, 1997; Pfeffer, 2018), thereby shaping their
children’s attitudes towards education and expectations of future attainment. Considine
and Zappala (2002) argued that social and economic disadvantage can significantly affect
academic achievement and thus educational decisions. The second factor is the cost of
education. The high cost of tuition and living expenses can deter students from pursuing
higher education. The ability to receive direct financial support from family while at university
is crucial for students, particularly those facing academic challenges (Pfeffer, 2018). Using
longitudinal data from Canada, Looker (1997) found that financial constraints can limit
students’ access to preferred educational pathways, such as universities, pushing students to
community colleges as a fallback option. Lunn and Kornrich (2018) found that even in times
of economic uncertainty, families with higher incomes continued to prioritise investment
in education. Our findings demonstrate a positive association between family income and
the probability of completing post-compulsory education. Using the same dataset, Bratti
(2007) employed an instrumental variable approach to control for the potential endogeneity
of family income and found that parental income has a strong effect on the likelihood of a
child dropping out of school at age 16. This suggests that lower family income may lead
to earlier exits from the education system, thereby reducing access to higher education.
However, we did not find a significant correlation between family income and the decision to
enter higher education. This may be attributable to the specific context of the time, when
British universities were tuition-free (covered by the government) and offered a variety of
government grants and student loans, which greatly reduced the negative impact of financial
constraints on higher education. Additionally Leeson et al. (2008) found that both cognitive
ability and gender play a unique role in predicting academic performance in youth. However,

we do not observe significant gender differences in long-term educational decision-making
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preferences. As we discussed earlier, it may be that the educational reforms of the UK
government and the transformation of social productivity in the 1990s led to this outcome.
Non-cognitive ability is known as personal traits or personality. The Literature has shown
that non-cognitive ability strongly influences academic achievement (see e.g. Gottfried, 1990;
Greven et al., 2009; Spinath et al., 2006) and economic success (Almlund et al., 2011;
Borghans et al., 2008). This is largely because positive self-concept and non-cognitive
skills are strong predictors of student persistence, particularly in challenging environments
(Ryberg, 2018). Coneus and Laucht (2014) argued that these traits can significantly influ-
ence a student’s decision to continue their education. Heckman et al. (2006) found that
improvements in non-cognitive abilities such as self-control and self-esteem, significantly
increase the likelihood of completing a four-year college degree, even when controlling
for cognitive abilities. Moreover, Zimmermann and Kao (2019) argued that non-cognitive
abilities can influence teachers’ perceptions and expectations, which in turn affects the aca-
demic trajectories of students from various racial and ethnic backgrounds. From a labour
market perspective, employers are increasingly valuing non-cognitive and cognitive abilities,
suggesting that these traits are essential for success in both educational and career (Hora
and Blackburn Cohen, 2018). Heckman et al. (2006) emphasised that non-cognitive skills,
such as perseverance and social skills, are crucial to success in the labour market and are
comparable to cognitive abilities in predicting educational attainment and employment out-
comes. Furthermore, Kautz et al. (2014) state that non-cognitive skills tend to be malleable
during adolescence, indicating that they can be enhanced through targeted interventions. Our

findings reaffirm the importance of non-cognitive abilities.



Chapter 3

The treatment effect of educational

decisions on midlife cognitive ability

Abstract

Do educational decisions after compulsory education affect midlife cognitive ability? In this
paper, we investigate the effect of three educational decisions on midlife cognitive ability
(at age 46), after controlling for early cognitive abilities and socioeconomic factors, with
data from the 1970 British Cohort Study. We use a structural equation modelling approach
which includes a measurement model for latent abilities and a structural model to address
the research question. We find that postgraduate education has a positive treatment effect on
midlife cognitive ability. Since education levels are sequential, the total educational effect on
midlife cognitive ability is cumulative, which indicates that higher the levels of education
lead to higher midlife cognitive ability.

Keywords: Midlife cognitive ability, Sequential educational decisions, British Cohort Study,

Structural equation modelling
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3.1 Introduction

People’s cognitive ability generally develops during childhood and then gradually declines
from early adulthood (Salthouse, 2009). Abundant research focuses on early cognitive ability
and its effect on long-term human capital (Carneiro et al., 2007), but little attention has
been paid to adult cognitive ability (Moulton et al., 2020). In epidemiology, adult cognitive
ability is referred to as cognitive reserve, which refers to differences among individuals in
performing tasks (Stern, 2012). Evidence shows that poor cognition in adulthood is strongly
associated with the risk of major depression, alcohol abuse or dependence, post-traumatic
stress disorder and Alzheimer’s disease (Gale et al., 2008; Stern, 2012). Understanding the
determinants of adult cognitive ability can help people maintain healthy adult cognition and
prevent or postpone the diseases of ageing.

Socioeconomic factors and early cognitive abilities are widely recognised as determinants
of adult cognitive ability (Foverskov et al., 2019; Kaplan et al., 2001; McElroy et al., 2021).
Of these, education is considered to be one of the most effective means to improve cognitive
ability and reduce the risk of developing diseases associated with cognitive decline such as
Alzheimer’s and brain injury (Stern, 2012). Using data from the 1946 National Birth Cohort,
Richards and Sacker (2003) and Hatch et al. (2007a) both find that education completed in
early adulthood positively correlates to all measures of midlife cognitive ability. In 2022,
with the adoption of the Marrakech Framework for Action, more than 140 countries agreed
to take action to advocate and assist lifelong learning. In 2023, British Parliament considered
passing the Lifelong Learning (Higher Education Fee Limits) Bill that allows the government
to provide individuals with a Lifelong Loan Entitlement to the equivalent of four years
of post-18 education (approximately £37,500). This paper is timely in investigating the
effect of educational decisions on midlife cognitive ability (at age 46). With data from the
BCS70, in terms of educational variables, we no longer need to use early adulthood as a
cut-off point, but can extend analysis to mid-adulthood, making it possible to encompass
the impact of lifelong learning. To understand whether different levels of education have
different marginal effects on midlife cognition, rather than using a traditional educational
setting (e.g. years of schooling), we adopt three educational decisions that individuals face
after compulsory education: whether to finish post-compulsory schooling (leading to A
levels or equivalent qualifications), whether to obtain an undergraduate degree and whether
to complete postgraduate education. We refer to the effect of each educational decision as
the ‘treatment effect’. Adding up these relevant effects gives us an idea of the cumulative

impact of receiving a particular level of education on midlife cognitive ability. In addition,
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we extend our analysis of the effects of education completed in early adulthood on adult
cognition over time, and these results are valuable both for comparison with findings from
other studies and for observational comparisons of whether education received at different
stages has varying effects on cognition across the lifespan.

Given that cognitive ability is latent, to avoid measurement error, we estimate it based on
related cognitive test scores. We apply the SEM approach that consists of a measurement
model to estimate latent cognitive abilities and a structural model, which includes a multistage
sequential decision model modified from Heckman et al. (2018) and a cognitive development
model adapted from Dickerson and Popli (2016); Todd and Wolpin (2007). By adding midlife
cognitive ability to the existing structural model, the research framework of this paper is an
extension of the previous chapter. Within the structural model, we attempt to decompose the
bidirectional relationship between education and cognition found in cross-sectional analyses
into an ‘early cognition to education to midlife cognition’ relationship.

We find a positive effect of postgraduate education on midlife cognitive ability. People
who completed postgraduate education, their midlife cognitive ability is, on average, 0.132
standard deviations higher than that of those without a postgraduate degree. However, we do
not observe a significant treatment effect of post-compulsory schooling and undergraduate
education on midlife cognition. We find that people with high early cognitive ability have an
advantage in cognitive development. Consistent with the previous chapter, we demonstrate
that both early cognitive abilities positively influence sequential educational decisions. In
extended analyses, we affirmed the effect of post-compulsory education completed in early
adulthood on early adulthood cognition, while undergraduate education completed early had
no significant effect. A potential reason is that the effect of undergraduate education on
adult cognition emerges in midlife. In contrast, the effect of postgraduate education on adult
cognition has remained stable and significant. Our findings are broadly consistent with the
existing literature and emphasise the importance of higher education on midlife cognitive
development. This suggests that policymakers should be more proactive in encouraging
people to pursue higher education.

This paper contributes to the literature on the determinants of adult cognition by providing
empirical evidence that education positively impacts on midlife cognitive ability. We indicate
that only education at the undergraduate level or above has a positive treatment effect
on midlife cognitive ability, while this positive impact is cumulative with education level.
Next, by categorising cognitive abilities into pre-adulthood and post-adulthood abilities,
we illustrate the channels through which early cognition can influence midlife cognition

by influencing educational decision-making, thus providing evidence for the study of the



3.2 Literature review 51

bidirectional relationship between education and cognition. Finally, by extending the analysis
of the previous chapter, our new structural model informs research into the relationship
between education and adult cognition. In addition, this paper lays the groundwork for the
final chapter which examines the mediation effect of midlife cognitive ability in returns to
education.

The rest of this paper is structured as follows. Section 3.2 provides a concise literature
review of cognitive development and the bidirectional relationship between education and
cognition. The model identification strategy is covered in Section 3.3, while the data
and variables are introduced in Section 3.4. The results are reported in Section 3.5, and

conclusions are discussed in Section 3.6.

3.2 Literature review

3.2.1 Cognitive development

Cognitive ability, which is often generally referred to as components of human intelligence,
comprises a series of brain-based capacities, such as memory, thinking, reasoning and
problem-solving. It was once thought to be ‘innate’ because early psychologists believed
it was based on genetics and relatively fixed over life. However, it is now recognised that
cognitive development is strongly influenced by environmental and experiential factors as
well as genetics. At the individual level, cognitive ability is a ‘cognitive endowment’ which
contributes to many aspects of daily life, such as managing finances and managing medical
conditions, and determines relative life quality (Anstey et al., 2013b; Starr et al., 2003).
As for the societal level, cognitive ability is considered ‘cognitive capital’. It enriches the
innovative and productive capacity of a nation and increases the productivity of both the
paid and unpaid workforce (Beddington et al., 2008). Hence, increasing overall cognitive
capital will improve employment and economic benefits and reduce the financial burden of
healthcare (Anstey, 2016).

Cognitive development is fluid and dynamic, usually increasing in childhood, peaking
in early adulthood, stabilising in midlife and declining in later life (see Figure 3.1). When
cognitive decline reaches a certain level, it leads to cognitive impairment. Mild cognitive
impairment can affect quality of life and the ability to live independently (Anstey et al.,
2013b). Even if the cognitive impairment is not severe enough for dementia, it influences
about 10% of adults in their 60s (Anstey et al., 2013a) and 20% of adults over 70 (Plassman

et al., 2008), which is roughly three to four times as many as older adults with dementia.



3.2 Literature review 52

Moreover, a large proportion of these patients will eventually develop dementia (Farias et al.,
2009). The accumulation of cognitive growth in both childhood and early adulthood shapes
cognitive ability in later life. Richards et al. (2004) find that after controlling for educational
attainment and SES, childhood cognitive ability is significantly and negatively associated
with midlife cognitive decline, especially in memory and search speed. They conclude that
cognitive ability in childhood has an important protective effect in cognitive decline in midlife
and beyond, and this protective effect may also be acquired in adulthood. To achieve optimal
cognitive ageing, Anstey et al. (2014) argue that increasing the peak of cognitive function
in early adulthood by actively investing in early cognitive development, and maintaining
cognitive ability in midlife will help older people to live comfortably and minimise the risk
of cognitive impairment. Of course, this requires policymakers to understand the potential

elements of the cognitive trajectories and to adopt appropriate interventions for the different

stages.
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Fig. 3.1 The general trajectory for cognitive development throughout life (Anstey, 2016)

A huge amount of research has explored the influence of parental characteristics, early
family environment, school quality, genetics, and SES in developing cognitive ability (Fotuhi

et al., 2012). However, this literature has not yet reached a consensus on the mechanisms
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of cognitive development and the relative contribution of these discussed inputs (Todd and
Wolpin, 2007)!. Boardman and Murnane (1979) were the first to establish a cumulative
model of the cognitive achievement production function with a value-added specification.
Todd and Wolpin (2003) review the literature on cognitive production function and propose
the identification assumptions of alternative estimators. Subsequently, Todd and Wolpin
(2007) develop the cumulative production function by assuming that the children’s cognitive
achievement is dependent on prior family background, mother’s ability, school inputs and
heritable endowments. Furthermore, Cunha and Heckman (2008) extend the cognitive
production function by incorporating the non-cognitive skills to affect cognitive development,
addressing the problem of endogenous parental inputs. They find non-cognitive skills can
promote cognitive skills but not vice versa. This formation of cognitive function is also used
by several subsequent studies (see e.g. Conti et al., 2010; Heckman et al., 2018). These
papers focus on childhood cognitive development and their findings support the view that
‘skill acquisition is a cumulative process’.

Most of the existing literature has focused on early cognitive ability. The main motivation
behind this is the impact of early cognitive ability on adult pecuniary and non-pecuniary
outcomes. For instance, Whalley et al. (2004) find evidence that better early cognitive ability
is associated with longer life expectancy and lower risk of dementia and developing cognitive
impairment in later life. Given the importance of early cognitive ability, some studies have
been interested in the SES that influences early cognitive development. Using data from the
BCS70, Feinstein (2003) states that parental SES will lastingly affect children’s cognitive
development. The advantage of good initial cognitive development for a child coming
from a family with low SES quickly erodes. Conversely, a child with poor initial cognitive
development, who comes from a family with medium or high SES, still has the opportunity
to catch up later in life. With data from the Millennium Cohort Study, Goodman and Gregg
(2010) explain the influence of parental behaviour on the rich-poor gap in children’s cognitive
ability, while Blanden and Machin (2010) test the relation between parental income and a
child’s vocabulary ability and behaviours and find that higher family income leads to better
child outcomes.

Relatively, there is less attention paid to adult cognitive ability (Moulton et al., 2020). One
potential reason is that cognitive change in healthy adults is very slow compared with early
cognitive development, which makes it difficult to detect the effects of external interventions

(Anstey, 2016). However, adult cognitive ability is receiving more awareness as society ages

I"Todd and Wolpin (2003) argue that, due to the implementation of different empirical identification strategies,
even when the same data set is used, the empirical findings vary widely.
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and with the high prevalence of diseases associated with cognitive impairment. Kaplan et al.
(2001) show that childhood SES (educational attainment, parental occupation and parental
education) is robustly correlated with adult cognition, while McElroy et al. (2021) estimate the
latent cognitive ability using the SEM approach and reveals that this relation is fully mediated
by childhood cognitive ability, educational attainment and occupational status. In searching
for the association between SES and adult cognitive ability, controlling for early cognitive
ability causes bias. With data from the 1946 National Birth Cohort, Richards and Sacker
(2003) use path analysis to model lifetime antecedents of midlife cognitive ability which is
proxyed by the National Adult Reading Test score, verbal memory, and timed visual search
at age 53. They find positive (independent) paths from childhood cognition, educational
attainment in early adulthood and adult occupation to midlife cognitive ability. These path
effects show that the path effect of childhood cognitive ability is the strongest, while that
from adult occupation is the weakest. Moreover, Power and Elliott (2006) report that after
controlling for cognitive ability (at age 12), the correlation between early childhood SES and
adult cognitive function decreases. Foverskov et al. (2019) also argue that without adjusting
for childhood cognitive ability, the association between childhood SES and adolescent/adult

cognitive ability is likely to be overestimated.

3.2.2 The bidirectional relationship between cognition and education

The traditional view of the relation between cognitive ability and education assumes that
cognitive ability is the fundamental factor which drives educational outcomes (Cattell, 1987;
Sternberg et al., 2008). This view is supported by two cognitive theories we introduced
in section 2.2.2: investment theory and dual-process theory. However, this unidirectional
opinion is challenged by the bidirectional theory, as there exists some evidence suggesting
that education also critically impacts cognitive performance®. Using data from the 1946
National Birth Cohort, Hatch et al. (2007a) find that educational attainment completed by
early adulthood correlates to all measures of late-midlife cognitive ability, and the continued
effect of education only appears in verbal ability (including verbal memory and verbal
fluency). They claim that education has wider health benefits and can help delay cognitive
decline in later life, given the positive association between education and midlife cognitive
ability. Behrman et al. (2014) use longitudinal data to estimate production functions for
adult cognitive abilities (verbal and non-verbal) and find that school educational attainment

substantially impacts adult verbal cognitive ability but not adult non-verbal cognitive ability.

2(See e.g. Alwin and McCammon, 2001; Kaplan et al., 2001; McElroy et al., 2021; Rutter, 1985).
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Conditional on early cognitive ability, one year of schooling can raise early adulthood 1Q
by 2.9-3.5 points (about 0.2 standard deviations) (Falch and Sandgren Massih, 2011). With
Swedish data, Carlsson et al. (2015) show that an extra 10 days of schooling increases
crystallised intelligence scores by around 1% of a standard deviation, while fluid intelligence
scores only increase modestly with age. Furthermore, Sandry and Sumowski (2014) and
Sumowski et al. (2014) find that the degree of activation of specific brain regions during
working memory tasks is associated with higher levels of education. This evidence explains
why people with higher education and higher cognitive ability seem to have a lower risk of
developing dementia from the perspective of neurology. If education has a lasting effect on
adult cognition, then it is important to encourage and promote not only early education but
also lifelong education.

It seems that education and cognitive ability have a symbiotic relationship that lasts for the
whole of an individual’s life (Peng and Kievit, 2020), and they both have an important role in
determining midlife outcomes. This new perspective of the relation between cognitive ability
and education claims that higher cognitive ability can improve educational outcomes and
that education supports the development of cognitive ability - these are mutually beneficial
interactions (Van Der Maas et al., 2006). It means that cognitive ability and education
outcomes may affect each other throughout the whole development of human capital. There
are three mechanism theories supporting this cognitive-educational bidirectional relation
perspective: investment theory, transactional process theory and schooling mechanism theory.
First, investment theory considers that reasoning - one of the cognitive abilities - is the
primary ability domain of academic achievement, since higher reasoning ability is very
helpful in dealing with analogies and abstract problems which leads to better organisation of
academic knowledge (Schweizer and Koch, 2002), while on the other hand, solid knowledge
can train and upgrade reasoning efficiency by using advanced verbal/vocabulary skills
to decompose abstract problems (Kievit et al., 2017). Next, transactional process theory
argues that genetic factor have a lifelong effect on cognitive ability, then simultaneously
affects academic achievement through the cognitive-academic bidirectional relation, though
these impacts are more outstanding in those with advantaged SES (Dickens and Flynn,
2001; Tucker-Drob et al., 2013). In their paper, Armor et al. (2018) reveal that schooling
and learning experiences associated with family SES are common environment elements.
Finally, schooling mechanism theory explains that children use cognitive abilities to learn a
variety of academic skills from different tasks during schooling, and these academic skills
such as reading/mathematics to some extent systematically train cognitive abilities (e.g.

reasoning and execution function) (Ceci and Williams, 1997; Jacob and Parkinson, 2015;
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Ritchie and Tucker-Drob, 2018). Peng and Kievit (2020) conduct a systematic literature
review on related bidirectional studies. They summarise that the associations between
reading/mathematics and working memory/reasoning increase with age, reading/mathematics
and cognitive ability can predict each other; the effect of intensive short-term cognitive
ability training on academic achievement remains unclear, while direct academic instruction
positively impacts cognitive ability development; the cognitive-educational bidirectional
relation is weaker among disadvantaged children.

Empirically, studies pay more attention to determining potential moderators of bidirec-
tional cognitive-educational relations. Ferrer et al. (2010) find that IQ is associated with
reading during development and concurrently manages bidirectionality. Findings from several
papers suggest that the magnitude of cognitive-educational bidirectionality can be moderated
by individuals’ development stages, types of academic skills and cognitive abilities, and
relevant social-emotional factors (Peng and Kievit, 2020; Schmitt et al., 2017). Hofman
et al. (2018) claim that, even though the bidirectional relation between cognitive ability and
education varies with age, the effects of age remain inconclusive. Additionally, the learning
experiences or opportunities correlated with SES may also drive the bidirectional relation.
Consistent with the transactional process theory, children in high-SES environments tend to
have more opportunities for productive learning experiences than children from low-SES
backgrounds (Duncan and Murnane, 2011). This finding is also coherent with Heckman et al.
(2018)’s discussion of ability bias - advantaged individuals (high-SES and/or relatively high
cognitive ability) are more likely to activate and benefit from cognitive-educational relations,
especially in childhood. Subsequently, Jenkins et al. (2018) report that high-quality schooling
may cancel out the negative influence of a low-SES context on academic achievement, while
Peng et al. (2018) argue that high-quality schooling can balance the suppressive effects of
low SES on the bidirectionality of the cognitive-educational relation.

In summary, there is much theoretical and empirical evidence to suggest that cognition
and education have a reciprocal relationship and that this influence continues throughout
life. However, attention to education and adult cognition remains very limited. Based on this
existing knowledge, two structural models were constructed. The first model assumes that
only early cognition and educational decisions influence adult cognition, while the second
model builds on this by assuming that early cognitive ability affects educational decisions,
and these educational decisions and early cognition jointly influence adult cognitive ability.
Given the strong relationship between cognitive performance in mid- and late-life and the risk
of developing multiple diseases during these stages, we will focus on midlife cognition and

analyse the treatment effect of educational decisions on midlife cognitive ability. This will
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enhance our understanding of the relationship between cognition and educational decisions,

and provide insights and rationale for policy development.

3.3 Methods

As in the previous chapter, our empirical model consists of two parts. One is a measurement
model to measure latent cognitive abilities (also noncognitive ability) and the other is a
structural model to estimate the treatment effect of educational decisions. The measurement
model remains the same as that outlined in the Section 2.3.1 and is therefore not repeated
here.

In the previous chapter, we acknowledged that one of the costs of structural model
complexity is a reduction in sample size. Therefore, to maximise the use of available
data, we considered two structural models of varying complexity. The first focuses on
the cognitive development equation, which examines the effects of early cognition and
educational decisions on midlife cognition, the latter being the primary focus of this chapter.
We refer to this as the ‘baseline’ setting. The second model, which we refer to as the
‘full” setting, extends the baseline model by incorporating the education equations from the
previous chapter. Although this model may not seem directly related to our primary research
question, we include it based on the assumption that the effects of education and cognitive
ability are mutually reinforcing. To further clarify this mechanism and address the issue of
reverse causality, we hypothesise that early cognitive ability influences a range of educational
decisions made by individuals, which in turn determines the level of education they attain.
These educational choices subsequently affect the stock of cognitive ability in midlife. By
adding the sequential educational decision model to the structural model, we are able to

account for the selection effect of early cognitive ability.

3.3.1 The ‘baseline’ structural model

Consistent with the previous chapter, a value-added specification of cognitive production
function? is used to simulate childhood cognitive development (Dickerson and Popli, 2016;
Todd and Wolpin, 2007), with minor modifications.

According to the previous identification of cognitive development model, the midlife

cognitive equation would be linearly determined by the previous stock of cognitive ability

3See Section 2.3.2 for more details.
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and a vector of exogenous covariates.
c
Cae = 116C16 + a6 X4g + €46 (3.1

where the error term €44 1s normally distributed and assumed to be independent over periods
and individuals, and the parameter },¢ captures the time effect of cognitive development.
Conditional on X4C6, the shock &4 is independent of the lagged cognitive ability Cg.

Since our structural model does not include the two early cognitive development equations
4 we add the preschool cognition on the right-hand side of the equation to control for the
potential effects of innate endowment. Based on this, we additionally identify the effect of

educational decisions in the equation:

3
Ci6= Y. 8D+ %6Cs + % Cio + AseX 5o + €16 (3.2)
j=1

where 746 represents the time effect of early cognitive abilities on midlife cognitive ability.
Conditional on Cs, C;¢ and X4C6, 0; captures the marginal treatment effect of giving a positive
response to educational decision D; at stage j on midlife cognitive ability. Accordingly,

Z{ 0;D; indicates the cumulative treatment effect of educational decisions up to stage j on

midlife cognitive ability.

3.3.2 The ‘full’ structural model

The ‘full’ structural model builds upon the ‘baseline’ structural model by incorporating the
educational decision equations. Figure 3.2 displays the educational process of a person
completing post-compulsory education in Britain, where the nodes labelled with numbers are
the educational decisions we consider. In Britain, people usually enter compulsory education
at the age of five. After completing compulsory education at the age of 16, people must
decide whether or not to pursue post-compulsory secondary schooling. This is the first
educational decision they make for themselves and is also the starting point for Figure 3.2.
Let j € {1,2,3} denote different educational stages and D; denotes the general educa-
tional decision at stage j. For each stage j, people can choose to complete a certain level of
education with D; = 1; conversely, D; = 0. We then let Q; denote whether an agent reaches
decision node j, and define that when individuals reach stage j, the educational decisions

(D;|Qj = 1) are called sequential educational decisions. In this case, a person must complete

“4Here refers to Equations (2.2) and (2.3) in Chapter 2
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Fig. 3.2 A multistage sequential decision model modified from Heckman et al. (2018)

all the preceding education to reach stage j. For sequential decision decision at stage j,
D; =0|Q; = I means people stop at current educational state, while D; = 1|Q; = I indicates
people continue education and moving to next educational stage j+ 1. Table 3.1 presents the
difference between sequential setting and general setting of educational decisions. Within
general education decisions, those who give a negative response to a specific educational
decision, can still participate in subsequent choices, but all answers will be no by default.
Within sequential education decisions, their answers in subsequent choices will be coded as

missing values.

Table 3.1 Difference between general educational decisions and sequential educational
decisions

Sequential setting General setting

D; D, D3 Dy Dy Dj

Compulsory schooling 0 - - 0O O 0
Post-compulsory schooling 1 0 - 1 0 0
Undergraduate education 1 1 0 1 1 0
Postgraduate education 1 1 1 1 1 1

Note: The first left column shows people’s highest educational
qualification.

Notably, we use the general educational decisions (D) rather than the sequential educa-
tional decision (D j|Q j = 1) in the structural model to ensure that the sample size remains
constant over three educational decisions so that the education variables are independent
at the same time in the equation (3.2). This avoids failure of the model estimates due to
multicollinearity.

Correspondingly, for the educational decision equations, unlike in Section 2.3.3, which
uses sequential educational decisions as outcomes, we switch to general educational decisions.

Similarly, we assume that for each education stage j, people will choose to continue education



3.3 Methods 60

as far as the internal utility of continuing education is not less than zero, while this utility I;
is determined by their preschool cognitive ability (Cs), post-compulsory school cognitive

ability (C¢) and a vector of exogenous covariates (XP)°.

1, ;>0

D;=
0, Ij<0

, where 1;=B>Cs+B;°Cio+m,X? +1; (3.3)
where 7; is an idiosyncratic error term that has a normal distribution with mean zero, ;
refers to the selection effect of early cognitive abilities on the educational decision. This
was the main research interest in the previous chapter. Equations 3.2 and 3.3 together form
the ‘full’ structural model, drawing on the analytical framework presented in Heckman
et al. (2018). In a similar vein, we assume that the selection on unobservables stems
entirely from unobserved early cognitive abilities®, after accounting for exogenous covariates.
Conditional on the measurement models, there is assumed to be conditional independence
and any remaining unobservables can be treated as uncorrelated. Therefore, we assume
that the error term 7 is independent of early cognitive abilities, C, exogenous covariates,
XP and e. Conditional on XP, it is independent across individuals and educational stages
(MkLMw,k #K, and k,k' € {1,2,3}). Empirically, Equation (3.3) is estimated by probit

regression.

3.3.3 SEM framework

Figures 3.3 and 3.4 show what our models look like in the SEM framework respectively. The
unobservable factors are drawn in ellipses, including latent cognitive abilities (Cs,Cig,Cyg)
and error terms, while other observable variables are drawn in rectangles. Each single-headed

arrow refers to an unidirectional causal connection between two variables. The dashed

>The identification of the sequential educational decision model presented in Section 2.3.3 was conditional
on Q; = 1. Here we have removed this assumption and the remaining assumptions are consistent with the
original model. To avoid repetition, we omit some details and only briefly describe the educational decision
equation.

®In Heckman et al. (2018), they examine the adult returns to education and hypothesize that selection bias
arises from unobserved early cognitive and non-cognitive abilities. The existing literature generally indicates
that early noncognitive abilities can impact early cognitive development (Cunha and Heckman, 2007; Heckman
et al., 2006); however, there is a lack of evidence regarding their influence on adult cognition. It is commonly
assumed that early non-cognitive influences on adult cognition operate primarily through indirect pathways,
such as education and health behaviours (Moffitt et al., 2011). Therefore, in our model, we only assume that the
selection on unobservables only from unobserved cognitive abilities.
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rectangle marks the measurement models for latent cognitive abilities’. The large rectangle
presents the full structural model. Ideally, we employ the one-step estimation approach,
which simultaneously estimates both the measurement model and the structural model. When
the model is complex and the sample size limited, one-step estimation may not be feasible
due to problems with model convergences. In such instances, we turn to a two-step estimation
approach, in which we first estimate the measurement model separately to obtain predicted
abilities. In a second step, we estimate the structural model by substituting the predicted
ability from the first stage. At this stage, as we rely on predicted ability, the standard errors

of the structural model will be incorrect and biased. Instead, we estimate these by bootstrap.
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Fig. 3.3 Structural equation modelling framework for the ‘baseline’ model

"To simplify the graph, not all measures are shown. For the measurement model of latent cognitive ability
at age t, we list only two cognitive measures My, and M1 ;. We neglect the measurement model of latent
non-cognitive ability as well.
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Fig. 3.4 Structural equation modelling framework for the ‘full’ model

3.4 Data

We use individual-level data from the BCS70, a longitudinal and multipurpose study that
follows the lives of around 17,000 people who were born in England, Scotland and Wales
during a single week in 1970. BCS70 gathers information on economic circumstances,
educational achievement, health status, and social development. In addition, the BCS70
assesses and follows each person’s cognitive ability from early childhood through midlife
adulthood, which is appropriate given our research question.

In this study, we focus on eight waves of the BCS70, and construct two samples to
serve different structural models. We construct two samples based on the need to satisfy
different structural models. For the ‘baseline’ model, we have an estimation sample of
2,830 observations, while for the ‘full’ model, we obtain with an estimation sample of 1,537

observations.

3.4.1 Variables

Cognitive ability tests: We mainly consider three kinds of cognitive abilities in this paper:

preschool cognitive ability measured at age five, post-compulsory school cognitive ability
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measured at age 16, and midlife cognitive ability measured at age 46. The BCS70 conducted
multiple age-specific cognitive tests designed by psychologists in each testing wave, as the
dimensions of cognitive ability measured at each test age may vary according to cognitive
development. We use these cognitive tests to predict latent cognitive abilities. When
estimating latent ability, we use the standardised test score for each cognitive ability test
(Moulton et al., 2020). Tables B.1 and B.2 show descriptive statistics for all cognitive ability
test scores.

We have already described the cognitive tests at ages 5 and 16 in Section 2.4.2, and here
we will only briefly describe the cognitive tests administered at age 46. There are also five
cognitive ability tests at age 46: the animal naming task, the letter cancellation task (speed),
the letter cancellation task (accuracy), the immediate word-list recall test, and the delayed
word-list recall test. In order to evaluate verbal fluency, participants must name as many
animals as they can in a minute for the animal naming task. For the letter cancellation tests,
participants are given a page of randomly selected letters and are required to read each row
from left to right, cross out as many ‘Ps’ and ‘Ws’ as they can in the allotted one minute
and then underline the final letter that they read when the time is over. The overall number
of letters searched is the speed score of the letter cancellation task, and the total number of
target letters cancelled is the accuracy score of the letter cancellation task. In the word-list
recall test, the interviewer chooses one of four lists of 10 common terms and then presents the
related recorded voice to participants at a rate of one word every two seconds. Participants
must recall as many words as they can in two minutes (in any sequence), and the number of
words is recorded as the immediate word-list recall test score, testing their immediate verbal
memory ability. After completing other cognitive tests, participants must recall these words
again, and the total number of recalled words is the score of the delayed word-list recall test,
which measures their delayed verbal memory ability®.

General educational decisions: This paper looks at three educational decisions which
people had to make following compulsory schooling. As in the previous chapter, to minimise
information loss due to sample attrition, we combined education data from the waves aged
30 to 46 (including intermediate years). For participants who did not report educational
information at age 46, we interpolated using their earlier (after age 30) educational data. The
educational variables were constructed in the same way as in the previous chapter, while the
only difference is using the general classification rather than the sequential classification. For

sequential classification, only those who have completed their current education are able to

8 All cognitive measures at this wave are the same as those used in the 2002 English Longitudinal Study of
Ageing (Moulton et al., 2020).
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move to the next pool of educational decisions. Accordingly, the number of observations
decreases as the educational level rises, since a negligible proportion of individuals will cease
to choose continued education at each decision node. However, for general classification, all
those who respond negatively to a specific educational decision are by default refused access
to all subsequent education. Thus, the number of observations is constant for all decisions.
Table 3.2 lists three educational decisions on which we focus. Each educational decision is
represented by a dummy variable, with a value of 1 denoting a positive response. We can see
that the distribution of each educational decision is very close in both samples.

Controls for midlife cognition equation: Apart from educational decisions, preschool
cognitive ability and post-compulsory school cognitive ability, we control for gender, occu-
pation (Feinkohl et al., 2021; Jorm et al., 1998) and marital status (Hakansson et al., 2009;
Liu et al., 2019), the latter two serving as proxy variables for adult SES associated with adult
cognitive development. The dummy variable gender has a value of zero for females. People
reported their legal marital status at age 46, and this is recoded into three categories: never
married or in a civil partnership, married but separated for some reason (divorced/legally
separated/widowed), and married. The occupation status in the BCS70 is classified into
eight categories based on the National Statistics Socio-economic classification. We simply
transform them into three groups according to the National Readership Survey social grade
system’: professional (higher managerial, administrative and professional occupations),
intermediate (intermediate occupations), and manual (routine and manual occupations).

Controls for educational decision equations: We control for early SES conditions
including gender, noncognitive ability, number of siblings, parental education, family income
and . We introduced these variables in Section 2.4.3 and will not repeat them here. The
descriptive statistics of above covariates are summarised in Table 3.2, while the descriptive
statistics of noncognitive tests are displayed in Table B.3.

Exclusive restriction and sample attrition: We have various exclusion restrictions that
affect educational decisions but not the midlife cognition. The three early SES variables
listed in Table 3.2 will serve as exclusion restrictions for the model. The effect of early
SES on midlife cognition is primarily achieved by influencing early cognitive development
and the adult environment. Conditional on post-compulsory school cognitive ability and
educational decisions, early SES is unlikely to directly influence midlife cognition. In Table
B.4, we display the distributions of variables in the selected sample and in the original dataset

to provide a brief overview of sample attrition. For some variables, there are differences in

9The transform of occupation follows the guidance of government website (see section 7): https :
/ /www.ons.gov.uk/methodology/classificationsandstandards/otherclassifications /thenationalstatisticss
ocioeconomicclassificationnssecrebasedonsoc2010.
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distribution; for instance, the probability of individuals completing undergraduate education
is lower in the original dataset than in the selected sample, which may introduce bias. To
address this, we will further present the estimation results using inverse probability weighting
(IPW).

3.4.2 Descriptive analysis of cognitive abilities

We show the correlations of cognitive measures in the two samples in Tables B.5 and B.6,
respectively. All the measures have a positive association, except the speed score and
accuracy score of the letter cancellation task at age 46, which are negatively correlated. We
find the associations between some measures are higher than 0.50, which indicates there is
considerable overlap between these measures, but each measure still includes some distinctive
aspects of cognitive ability.

Then, we use these measures to estimate latent variables via the measurement model!©.
We treat the copying designs test, shortened Edinburgh Reading Test and immediate word-list
recall test as anchors. The estimation results of measurement models are summarised in
Tables B.7 and B.8. The coefficients estimated from the measurement models reflect the
influence of latent variables on the related measures. The magnitudes of the standardised
loading of the remaining measures are mostly above 0.50 and significant at the 1 percent-
age significance level, which shows that these measures are significant indicators on their
underlying latent scale. These loadings allow us to post-estimate latent cognitive abilities.

Figure 3.5 displays distributions of the three cognitive abilities estimated from the mea-
surement model. The left column presents the distributions of estimated cognitive abilities in
the original tested waves, and the right column shows the distributions of estimated cognitive
abilities in the baseline sample. The shape of the distribution on both sides is relatively
close. The shapes of the distributions of preschool cognitive ability and midlife cognitive
ability are very close to a normal distribution, while post-compulsory school cognitive ability
has a negatively skewed distribution. This ‘normal-skewed-normal’ variation in cognitive

distributions reveals the discontinuity of cognitive development!!. In the previous chapter, we

1Ty our sample, we only require participants to attend at least one cognitive ability test. Hence, some
observations may contain missing values in some cognitive tests. The SEM approach by default applies an
equation-wise deletion approach for models with continuous latent variables) so that allows us to estimate all
observations even with missing values, while the traditional SEM approach requires no missing values in the
sample.

'We also present the distribution of cognitive abilities predicted from the original BCS70 data at ages 5,
16, 34, 42, and 46 in Figure B.2. The distribution of cognitive abilities shows a negative skew as individuals
age, with the most pronounced skewness observed at age 34. By age 46, however, there is a trend suggesting a
return toward a normal distribution.
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Table 3.2 Descriptive statistics of selected variables

Variable Baseline Sample  Full Sample

Educational decisions by the age of 46

D1: Whether to complete post-compulsory schooling 2830 1537
No 993 (35%) 501(33%)
Yes 1837(65%) 1036(67%)

D2: Whether to finish undergraduate education 2830 1537
No 1392(49%) 732(48%)
Yes 1438 (51%) 805 (52%)

D3: Whether to complete postgraduate education 2830 1537
No 2519 (89%) 1360 (88%)
Yes 311 (11%) 177 (12%)

Covariates

Gender 2830 1537
female 1602 (57%) 898 (58%)
male 1228 (43%) 639 (42%)

Number of siblings at age 5 1537
none 173 (11%)
one sibling 850 (55%)
two or more siblings 514 (33%)

Parental education at age 5 1537
no qualification 660 (43%)
lower than A level 606 (39%)
A level and above 271 (18%)

Family income at age 16 1537
low-income group 385 (25%)
medium-income group 878 (57%)
high-income group 274 (18%)

Marital status at age 46 2830 1537
never married/ in a civil partnership 527 (19%) 278 (18%)
divorced/legally separated/widowed 431 (15%) 223 (15%)
married 1872 (66%) 1036 (67%)

Occupation at age 46 2830 1537
manual 647 (23%) 317 (21%)
intermediate 615 (22%) 332 (22%)
professional 1568 (55%) 888 (58%)

Source: the BCS70 wave 2, 4, 6-10. The distribution of the variables in the two samples

is fairly balanced.
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found that the advantages of early family background can compensate to some extent for the
disadvantages of early cognitive development, which in turn skews the distribution to the left.
It is also possible that compulsory education may contribute to the generally higher scores
of most people on cognitive tests in adolescence. After the age of 16, education becomes
non-compulsory and can be freely chosen. By middle age, the differences at adolescence have
moderated, but the midlife cognitive distribution is still more flattened than the preschool
cognitive distribution.

Similar to the previous chapter, we categorised people into five groups based on cognitive
ranking changes between the ages of 16 and 46 to assess the degree of discontinuity in
cognitive performance (see Table B.10). We present some descriptive statistics (proportions)
for the five groups in Table B.11. We find that in terms of socioeconomic characteristics and
proportion of education, the high-high group leads on all counts, while the low-low group
lags behind the other four groups. The change in the distribution of cognitive abilities from
skewed to normal in Figure 3.5 should be attributed to the presence of escapers (Group 2)
and fallers (Group 4). Unexpectedly, we find that fallers (Group 4) have a higher proportion
of education than escapers (Group 2), which seems to suggest that those who are at a relative
advantage in terms of education are not necessarily at an advantage in terms of their adult
cognitive level. At the same time, by comparing Group 1 (low-low) with Group 2 (escapers),
we find that those with a better socioeconomic background who were educated are better
able to overcome the disadvantages of cognitive development in adolescence and catch
up in midlife. We also note that the proportion of highly educated individuals (completing
undergraduate and/or postgraduate) in Group 5 is significantly higher than in Group 4 (fallers),
which may imply that access to higher education is positively associated with maintaining an
advantage in adolescent cognitive development.

In Figure 3.6, we present the density curve of three cognitive abilities by the response to
each educational decision!2. In the bottom row of the table, we find that the average midlife
cognitive ability of those who have earned a degree is higher than the average cognitive
ability of those who have not earned a degree at every stage of educational decision. The
former has a left-skewed midlife cognitive distribution (the solid line), whereas the latter has

a normal midlife cognitive distribution (the dashed line).

2Figures B.1 displays several box plots showing the correlation between the mean of cognitive abilities by
the response to each educational decision.



68

3.4 Data

-o[dwres aurfoseq oY) Ul S[ENPIAIPUL ()¢ ] IOM I, 1S9} 9ANIUT0D AUO JSBI[ I8 PIPUINIE OYM ‘QABM Qf A3 ) I8
S[eNPIAIPUL (OS] PUB ‘9ABM Q[ 93e U] I8 S[eNPIAIPUL $1()9 ‘@ABM G 93 oY} J& S[ENPIAIPUL ()€ | I1oMm YL, "(Wy31I oY) o[dwres pajo[as
oy pue (3J9 aYl) vIep AoAIns ) J0J ‘[OPOW JUSWAINSLAW WO} pIdIpald sonIfIqe 9ANIUS0 921y} J0J SAJRWIISA AJISUP [QUISY G'¢ "I

(e/dwes) Ayjige samuboo aji|piy (leuiBuo) Aujige eauboo sjlpIy

4 0 ¢ ¥ 4 L 0 - ¢ €

| | | 1 o | | 1 1 1 1 o
NS &
) 3,
o< o<

(eidwes) Ajige eamuboo jooyas Alos|ndwoos-1sod (lewbBuo) Aujge eamubos jooyoas Alosindwoo-1sod

4 0 A I c 0 ¢ -

L 1 | | o | 1 1 1 o
. g .
[NYY (V)
] .
N7 EN
o< )

(eidwes) Aujige sanuboo jooyos-aid (jeuiBuo) Ajige eanuboo jooyos-aid

4 I 0 - A 4 L 0 L- c

L 1 1 1 Lo 1 1 1 1 I o
oY (]
N =
o2 ™
=< o



69

3.4 Data

(0 = /') asuodsar oane3ou e Suraey
10J Kyrsuap syuasaxd aurf prjos oy o[iym ‘(1 = /() uorsoap uaaI e 10J asuodsar aanisod v Suraey 10J KJISUSP SANLNSN[[I SUI] PAYSEP YL,
"UOIIBOYNUIPI [BIUAT AQ PAINSBIW I8 SUOISIOIP [BUONBINP ASAY, “(JYSLI JY)) UOISIOAP [BUONIBINP PIIY) AY) Ppuk (J[PPIWl AY)) UOISIOAP
[euoneonpa puodas Ay} ‘(391 AY}) UOISIOAP [BUONBINPA ISIY AY) JOF ‘SANI[Iqe JANTUS0 pIdIpald 10J sajewnso AJISudp [QUIdY 9°¢ 314

ejenpesbisod eje|ldwoy — — — gjenpesbiepun sje|dwo) — — — AMos|ndweoo-jsod ejgidwo)y — —
Aios|ndwoo-jsod sye|dwos JoN

ajenpelbispun sjs|dwod JoN

sjenpelb)sod sjs|dwod joN

Aylige sAnuBoD syIPIN Aulige eAnuboo syIpIN Ayge sapuboo appIy
z 0 z ¥ 4 0 z s 4 0 z -
1 1 1 1 1 L 1 1 1 1 1 L
O = e =
36 o &
N
o< o<
Aige eapubod jooyds Alosindwod-jsod
z 0 z- i 4 0 z- s z 0 z s
—_——— Fo o
™~z z oA
[. @ @ [}
=3 a .2
For™ < B
ko Fo
z
1
=] o
i~ = NP
o o o
. @ @ . o
[*2 2 3
L .Q.Mo. - .Q.M». r g.M».
) oo )




3.5 Results 70

3.5 Results

3.5.1 Treatment effect of educational decisions

Table 3.3 shows the main estimation results of our structural model. We have two different
structural models. The coefficients in the first three rows refer to the treatment effects of
educational decisions on midlife cognitive ability, which directly responds to our main
research question. Column (1) shows the results of the ‘baseline’ structural model. We only
find significant treatment effects on the latter two educational decisions, conditional on early
cognitive abilities and SES. People with an undergraduate degree have, on average, 0.110
standard deviations higher midlife cognitive ability than those who have only completed
post-compulsory schooling. In addition, the average midlife cognitive ability of those who
finished postgraduate education is 0.155 standard deviations higher than those who had no
postgraduate education. This suggests that the marginal treatment effect of education on
midlife cognitive ability is incremental. Since higher levels of education usually require
that people have completed prerequisite education, by summarising the treatment effects,
we demonstrate that completing undergraduate education improves midlife cognitive ability
by 0.167 standard deviations, while completing postgraduate education increases midlife
cognitive ability by 0.322 standard deviations.

In addition, we find a positive effect of both preschool cognitive ability and post-
compulsory school cognitive ability on midlife cognitive ability. A one standard deviation
increase in post-compulsory school cognitive ability enhances midlife cognitive ability by
0.166 standard deviations at the 1% significant level, while each standard deviation increase
in preschool cognitive ability is associated with 0.270 standard deviations increase in midlife
cognitive ability. Moreover, we notice that an individual’s marital status is closely associated
with their midlife cognitive ability. Compared with people who have never been married,
those who have had a partner (divorced/legally separated/widowed) have an average increase
in cognition of 0.201 standard deviations at midlife. This contrasts with 0.206 standard
deviations for those who are married. Meanwhile, there is a significant correlation between
occupation and midlife cognitive ability as well. Compared to manual workers, those in
intermediate occupations have 0.101 standard deviations higher midlife cognitive ability,
while those professionals have 0.142 standard deviations higher midlife cognitive ability.

Column (2) displays the results of the ‘full’ structural model. As in the previous chapter,
we found a positive selection effect of early cognitive abilities on educational decisions, with
the exception of preschool cognition, which has no significant selection effect on postgraduate

education. Compared to the ‘baseline’ structural model, the treatment effect of completing an
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undergraduate degree on midlife cognition decreased by 0.026 standard deviations, while the
treatment effect of completing a postgraduate degree declined by 0.023 standard deviations,
when the educational decisions equations were taken into account. The ‘full’ structural model
reveals only a significant treatment effect of completing postgraduate education on midlife
cognition, while controlling for other factors.The main difference between the base structure
model and the full structure model is that the former takes into account only the direct effects
of early cognition on midlife cognition, whereas the latter additionally accounts for the
indirect effects of early cognition on midlife cognition through educational decisions'3. On
this basis, we found that the effect of post-compulsory school cognition on midlife cognition
increased by 0.007 standard deviations. This smaller difference implies that the effect of
post-compulsory school cognition on midlife cognition is still mainly direct. In contrast, the
effect of preschool cognition on midlife cognition decreased from 0.270 standard deviations
to 0.165 standard deviations, with the decrease being mediated by educational decisions. In
addition, we found that occupation, especially professional occupation, was significantly less
associated with midlife cognition.

We then assessed the robustness of our results by altering estimation methods and
applying weights, and summarised results in Table 3.4'4. Column (1) is the ‘baseline’
model regression from Table 3.3, while column (2) estimates the same model using a
two-step approach, consistent with the approach used for the ‘full’ model. By comparing
the results of columns (1) and (2), we intend to verify whether the different estimation
approaches significantly affect the outcomes. The findings indicate that while there are
minor differences in coefficient magnitudes, the conclusions remain unchanged. Column
(3) employs traditional OLS to estimate the structural model, in contrast to the maximum
likelihood method used in GSEM. The point estimates from both methods are identical,
with only slight variations in standard errors. To account for the potential issue of sample
attrition, which may result in estimates that are not representative of the entire population,
we additionally conducted estimation with [IPW. We first estimated the probability of sample
loss using non-missing variables from the birth wave '°. During this process, we identified

a small subset of individuals who were excluded from the birth wave but appeared in later

3Notably, the model fit statistics of the two models are not comparable due to the differences in the samples.

14The complete results are in Tables B.12, B.13 and B.14.

I5Tn the birth wave, there were only about 10 variables without missing values, none of which were related
to social status or family background. Some variables also had a potential multicollinearity risk, particularly in
relation to previous pregnancy or abortion experiences. After careful consideration, three independent variables
were selected for the probability regression: the number of previous pregnancies, the mother’s participation in
completing the family background questionnaire, and region.
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waves!®. These individuals were excluded from the analysis, and IPW was applied to the
remaining sample. The weighted and unweighted results are displayed in columns (4) and (5),
respectively. The unweighted results are largely consistent with those in column (1). After
weighting, we found a relatively significant increase in the treatment effect of completing
post-compulsory education (by 0.042 standard deviations), while the treatment effect of
completing postgraduate education reduced by 0.034 standard deviations. However, overall,
completing post-compulsory education remains the least impactful of the three educational
decisions on midlife cognitive ability.

Columns (6) to (9) present the results of the ‘full’ model, all estimated using the two-step
approach. In column (6), GSEM is used to simultaneously estimate multiple equations within
the structural model, while column (7) employs OLS to estimate the equations separately. As
our model assumes that there is no selection on unobservables once the unobserved cognitive
ability is controlled for and predicted through the measurement model, the error terms of
education and midlife cognition are therefore independent. It is not surprising to find that
point estimates of OLS align with those from GSEM, with only minor differences in standard
errors. Similarly, columns (8) and (9) display the IPW weighted and unweighted estimation
results, respectively. We find that the weighted treatment effects of educational decisions
are close to the effects in column (4). This suggests that, holding other factors constant, the
treatment effect of educational decisions on midlife cognition increases with higher levels of

education for the overall population.

16There are three factors that contribute to this situation(Silverwood et al., 2021). First, some children were
born abroad and therefore did not participate in British Births. Second, some may have participated in British
Births but were later adopted or had their names changed for other reasons. Third, some were born in the UK
but were not identified for British Births.
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3.5.2 Extended analysis: the impact of education on cognition through-
out adulthood

In this section, we further compare the effects of educational decisions on adult cognition
over time. We use three waves of the BCS70, which conducted cognitive assessments at ages
34, 42, and 46'713. Similarly, we used age 34 as a cutoff point to construct the education
variables!®. For the adult cognitive equations in the structural model, we considered three
sets of scenarios. Group (1) estimated the ‘baseline’ model without accounting for the effect
of early cognition. Group (2) estimated the ‘baseline’ model with early cognition included,
while Group (3) estimated the ‘full’ structural model. We summarise the estimated treatment
effects of educational decisions made before age 34 on different periods of adult cognition
for the two scenarios described above in Table 3.5, while all estimation results are displayed
in Table B.16.

Our analysis shows that, after controlling for early cognitive abilities, the impact of educa-
tional decisions on adult cognition is significantly diminished across all ages. Specifically, the
effects of completing undergraduate education became small and statistically insignificant,
while the positive effects of post-compulsory and postgraduate education on adult cognition
remained. In line with the cognitive development trajectories introduced earlier (see Figure
3.1), one possible explanation is that pre-adult education and early cognitive development
largely determine the level of early adult cognition, leaving undergraduate education with
a limited effect on already established cognitive abilities. In contrast, the more rigorous
learning environment of postgraduate education appears to exert a positive and sustained
influence on adult cognition. Another possible explanation is that the impact of undergraduate
education may be delayed, with its effects on cognition taking longer to manifest. Supporting
this view is the observation that the coefficient for undergraduate education is significantly
larger at age 46 (though direct comparisons between coefficients across different ages are
not meaningful by variations in cognitive measures). Moreover, when using the education
variable measured at age 46, undergraduate education shows a positive and significant effect
on adult cognitive ability (see results in Table 3.3).

To make the effects of the education variable at age 34 with those at age 46 on cognitive

ability at age 46 directly comparable, we re-estimated the model using a consistent sample,

"The introduction of two additional adult cognition measures are included in the appendix B.1.

13The BCS70 data also includes cognitive assessments at age 44. However, given the close proximity of this
wave to the assessments at ages 42 and 46, significant fluctuations in cognition over such a short period are
unlikely. Therefore, we excluded the age 44 data from our analysis.

9Related descriptive statistics are summarised in Table B.17
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and the relevant results are displayed in Table B.18. For the ‘full” model, We find a 0.009
standard deviation increase in the treatment effect of completing post-compulsory educa-
tion, alongside a 0.016 standard deviation decrease in the treatment effect of completing
undergraduate education, and a 0.034 standard deviation decrease in the treatment effect
of completing a postgraduate education. These gaps should be attributed to the additional
education received during the age range of 34 to 462, but may also be influenced by natural
cognitive decline. As individuals grow older, natural cognitive decline becomes more likely.
The impact of completing post-compulsory and undergraduate education on midlife cognition
shows little variation. While the effect of postgraduate education has declined noticeably,
possibly due to the ageing process after entering middle age diminishing its influence, it
remains the most significant. This suggests that completing postgraduate education may be

one of the most effective means of resisting or delaying cognitive decline.

Table 3.5 Extended analysis: the impact of education (completed before age 34) on different
periods of adult cognition

) Age 34 Age 42 Age 46
Whether finish post-compulsory schooling 0.388***  (.402%** 0.200%**
(0.043) (0.085) (0.052)
Whether to complete undergraduate education  0.096*%*  (0.189%** 0.157%**
(0.043) (0.086) (0.052)
Whether to obtain postgraduate education 0.219%**  (.452%** 0.283%**
(0.051) (0.102) (0.062)
Early cognitive abilities
Controls V vV Vv
Educational equations
One-step V Vv Vv
N 3104 1088 2703
2) Age 34 Age 42 Age 46
Whether finish post-compulsory schooling 0.257%**  (.218%** 0.110**
(0.040) (0.069) (0.051)
Whether to complete undergraduate education 0.017 -0.034 0.080
(0.040) (0.070) (0.051)
Whether to obtain postgraduate education 0.101**  0.240%** 0.199%**

(To be continued on the next page)

20The proportions of individuals in the sample who had completed their post-compulsory, undergraduate, and
postgraduate education by the age of 34 were 65.67 %, 49.49 %, and 9.00 %, respectively. The corresponding
proportions at age 46 were 69.33 %, 53.69 %, and 11.78 %, respectively.
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(table continued)

(0.048) (0.083) (0.060)
Early cognitive abilities V Vv Vv
Controls V vV Vv
Educational equations
One-step V vV Vv
N 3104 1088 2703
A3) Age 34 Age 42 Age 46
Whether finish post-compulsory schooling 0.275%** 0.154 0.096*
(0.051) (0.108) (0.056)
Whether to complete undergraduate education 0.061 0.056 0.095%
(0.041) (0.099) (0.057)
Whether to obtain postgraduate education 0.121**  0.293*%** 0.167**
(0.038) (0.079) (0.071)
Early cognitive abilities V Vv Vv
Controls V Vv Vv
Educational equations V vV Vv
One-step
N 1687 594 1477

Note: *p < 0.1, **p <0.05, ***p < 0.01. As the variables included in the model vary, the
corresponding sample size also changes. SES is measured in accordance with the update of

adult cognition.

3.6 Conclusions

This paper uses the BCS70 data to investigate the association between educational decisions
and midlife cognitive ability, controlling for early cognitive ability and SES. We adopt the
SEM approach, considering two different structural models depending on whether cognition
is allowed to interact with educational choices in development.

We consider three educational decisions that people face after compulsory education:
whether to complete post-compulsory schooling; whether to finish undergraduate education;
and whether to complete postgraduate education. We find positive and incremental treatment
effects of the postgraduate education on midlife cognitive ability, while post-compulsory
schooling and undergraduate have a limited contribution to midlife cognition. This also
implies that the cumulative effect of access to higher levels of education on cognitive ability

in midlife is incremental. Highly educated people tend to have greater cognitive abilities in
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middle age. Our finding that education positively impacts on cognitive ability, is consistent
with several studies (Carlsson et al., 2015; Falch and Sandgren Massih, 2011; Hatch et al.,
2007a; Richards and Sacker, 2003).

We further explored the effects of education on different periods of adult cognition
(at ages 34, 42, and 46). We found that post-compulsory education completed before the
age of 34 contributed to cognition in early adulthood but had a limited effect on midlife
cognition. In contrast, completing undergraduate education had no significant effect on early
adulthood cognition, with its impact only becoming apparent in midlife. Meanwhile, the
effect of postgraduate education remained stable over time. After reviewing the literature on
educational effects on cognitive abilities, Ritchie and Tucker-Drob (2018) find consistent
evidence that an additional year of education increases cognitive ability by approximately one
to five IQ points, and this positive educational effect persists across the lifespan. They argue
that education is the most consistent, robust and enduring method of increasing intelligence
yet discovered. This implies that the cumulative timing of access to education matters and
that longer periods of education can help people maintain higher levels of adult cognition.
In the meantime, based on an education policy reform in Sweden, Meghir et al. (2013)
find that increasing the number of compulsory years of schooling significantly improves
children’s cognitive ability, with greater benefits for children with poorer initial cognitive
endowments. This seems to imply that the timing of access to education matters such that
longer compulsory education can help people reach higher cognitive peaks in early adulthood.

Our findings emphasise the importance of the timing of access to education. While access
to post-compulsory education is crucial for cognitive development in early adulthood, its
effects are difficult to sustain into midlife. One possible reason is that according to Figure
3.1, cognitive development begins to decline after peaking in early adulthood. We cannot
rule out the possibility that the effect of education on midlife cognition influences the rate of
cognitive decline?!. Post-compulsory education may contribute to higher cognitive peaks
in early adulthood. However, it may offer limited assistance in delaying or maintaining
cognitive levels in mid-adulthood. In contrast, the treatment effect of higher education,
especially postgraduate education, on midlife cognitive ability is more pronounced and
stable. This suggests that policies should focus on encouraging individuals to pursue post-
compulsory education during adolescence and early adulthood, while promoting higher
education, particularly postgraduate education, in the later stages of adulthood. Such efforts
could enhance overall midlife cognitive abilities in society, helping to mitigate the risk of

cognitive decline and related diseases.

210ur model makes no assumptions about the rate of cognitive decline or the factors that influence it.
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Consistent with the results of the previous chapter, the early cognitive ability strongly
impacts the later cognitive ability. There is no denying that the cognitive developmental
advantages of those with strong early cognitive ability persist. Kremen et al. (2019) report
that additional education accounts for little variance in late midlife cognitive ability in men
aged 56-66, after controlling for general cognitive ability at age 20. They argue that, if
cognitive development peaks in early adulthood and early cognition has a greater impact on
midlife cognition than additional education in adulthood, then policy interventions to improve
education should take place during childhood and adolescence. Our findings suggest that
active intervention in early cognitive development is as important as encouraging continuing
education in adulthood. Anstey (2016) also calls for the need for policy interventions to
improve the quality of education, encourage children to stay in school, and promote lifelong
learning and vocational training for adults.

Our results remain robust after considering different structural models and applying the
IPW approach to mitigate sample attrition bias. In the identification of the structural model,
we assumed that selection on unobservables is entirely due to unobserved early cognitive
ability. Thus, after controlling for latent early cognition through the measurement model
and considering the presence of exclusion restrictions, we are on safe ground regarding
endogeneity. Further research could relax this assumption if valid and instrumental variables
can be located. In analysing the effects of education on cognition across adulthood, there are
two cognitive tests at age 34 and only one at age 42. The limited number of cognitive tests
may result in an incomplete measure of cognition, and the smaller sample size at age 42 may
introduce some bias in the results. However, this is unlikely to affect our main conclusions.
Our study makes no assumptions about the quality of education people receive at each stage
since we focus on measuring the average treatment effect of educational decisions. Further
study can relax this assumption with suitable data and allow different types of schools to

cause heterogeneity in the treatment effect of education on midlife cognitive ability.



Chapter 4

The mediation effect of midlife cognitive
ability on the midlife returns to

educational decisions

Abstract

Recent literature has shown that early cognitive ability influences the education-health nexus
due to the ‘selection effect’. In this paper, we investigate whether midlife cognitive ability has
a ‘mediation effect’ in the correlation between educational decisions and midlife outcomes by
adopting a structural equation modelling approach. With data from the 1970 British Cohort
Study, we consider three outcomes, midlife physical health, mental health and earnings.
Our findings suggest that education (via midlife cognition) have a positive and significant
mediation effect on midlife physical and mental health, while the direct effect of education
on midlife health is not significant. The effect of undergraduate and postgraduate education

on midlife weekly earnings is mainly direct, with a negligible mediation effect.

Keywords: British Cohort Study, Cognitive ability, Non-cognitive skills, Returns to educa-

tional decisions, Mediation effect, Structural equation modelling
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4.1 Introduction

In Chapter 2, we showed that early cognitive ability has a positive selection effect on
educational decisions after compulsory schooling, controlling for childhood SES. Then, in
Chapter 3, we discussed the treatment effect of educational decisions on midlife cognitive
ability, controlling for early cognitive ability and adult SES. In this chapter, building on
the modelling in the previous two chapters, we focus on returns to educational decisions
and explore the mediation effect of midlife cognitive ability on midlife financial and health
returns of educational decisions.

An interest in the study of returns to education is established by Becker (1962, 2009),
who emphasises the importance of the rate of return for determining the effectiveness of
human capital investment. According to Weisbrod (1962), completing one year of schooling
increases a person’s chances for further education and other life opportunities. The financial
return to education is the first and most frequently discussed. Card (1999) provides major
theoretical and empirical evidence on the causal link between education and income. A
higher level of education increases overall income not only by increasing labour wages but
also by promoting personal engagement in financial markets and enhancing saving and/or
investment decisions (Cole et al., 2014). Recently, the non-pecuniary effect of education has
received more attention. Health is a typical non-pecuniary return on education. Bijwaard
et al. (2015) argue that the correlation between health and education is mostly causal, while
Cutler and Lleras-Muney (2006) conclude that the monetary value of the health returns to
education is about half of the income returns to education. However, other literature fails to
demonstrate a direct causal effect of education on health (Albouy and Lequien, 2009; Arendt,
2005; Braakmann, 2011; Clark and Royer, 2013; Grossman, 2015). When estimating the
returns to education, it is worth exploring channels of influence other than its direct impact.
For health in particular, the limited evidence of a direct impact of education in the literature
may indicate that the impact of education on health may be acting through other factors. One
such factor is cognitive ability.

Cognitive ability plays a role in returns to education. Griliches (1977) argues that the
cause of ability bias is the correlation between income determinants and education. Someone
with more education might have superior intrinsic abilities that allows them to earn more
money even in the absence of education. Auld and Sidhu (2005) investigate the role of
cognitive ability in the health—education nexus using National Longitudinal Survey of Youth
data and finds that the causal effect of schooling on health is large only for respondents

with low levels of schooling and low cognitive ability. With the same data, Heckman et al.
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(2018) estimate the returns to education by developing a dynamic discrete educational choice
model and a reduced-form treatment approach. They decompose ex post treatment effects
into the direct benefit of moving from one level of schooling to the next and the continuation
values of receiving additional education after the next level of schooling. They find that
high-ability individuals are likely to continue their education after high school because they
have substantial post-high school continuation values, while low-ability individuals stopped
in high school because they gained primarily from post-high school. Auld and Sidhu (2005)
argue that the regression results of most of the past literature on health returns to education
are not credible if they do not deal with ability bias.

Cognitive ability has been shown to be an important predictor of income (Glewwe, 1996)
and health differences (Conti et al., 2010) in adults. Researchers show that education is
one of the significant determinants of adult cognitive ability, after adjusting for childhood
cognitive ability (Hatch et al., 2007a; McElroy et al., 2021; Richards and Sacker, 2003).
Higher levels of education can influence thinking and decision-making patterns (Cutler and
Lleras-Muney, 2006). Grossman (1972) suggests that the correlation between education
and health may be because education enhances health production efficiency, which means
that under the same conditions (including education achievements), individuals with higher
cognitive ability are healthier, as they can deal with diverse information on the relationships
between health behaviours and treatments and potential health outcomes. For example,
educated individuals are more likely to use health services in a more timely and appropriate
manner, take up recently developed pharmaceuticals, adopt healthier living habits, and make
careful choices of occupation (Leigh, 1983; Lleras-Muney and Lichtenberg, 2005). These
findings suggest that cognitive ability can be a channel through which education can influence
health. However, existing literature only emphasises the importance of early cognitive ability
in returns to education.

This paper investigates the mediation effect of midlife cognitive ability on the correlation
between educational decisions and midlife outcomes (financial and health) using a SEM
approach. Building on the model of the previous two chapters, we add a midlife outcome
equation to the structural model. With data from the BCS70, we find a positive mediation
effect of midlife cognitive ability on the association between education decisions and midlife
health outcomes. However, the mediation effect of midlife cognitive ability only accounts for
less than 3% of the total effect of earning returns to educational decisions, which indicates
that the direct effect of education dominates the total effect of educational decisions on

midlife earnings.
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This paper contributes to the literature on the returns to education by exploring a potential
pathway through which educational decisions influence midlife outcomes. Our research
suggests that midlife cognitive abilities play an important mediating role in the relationship
between education and midlife health. We construct a framework that attempts to explain
the relationship between education, cognition, and midlife outcomes to inform subsequent
related research. Unlike most of the literature, we incorporate cognitive abilities across time
and distinguish between the roles of early and midlife cognitive abilities. Early cognition has
a selection effect on educational decisions and dominates adult cognitive development, while
midlife cognitive ability influences midlife outcomes directly and acts as a mediator in the
returns to educational decisions. In addition, we do not find a significant overall effect of
educational decisions on health, but the existence of the mediation effect on health suggests
that the influence of education on health may be realised through other unnoticed channels.

The remainder of this paper contains five sections. A brief literature review is provided
in Section 4.2, and the data and variables are presented in Section 4.4. Section 4.3 introduces
the model and estimation approach, while Section 4.5 reports estimation results. Finally, we

discuss the results and draw conclusions in Section 4.6.

4.2 Cognitive ability and returns to education

4.2.1 Cognitive ability and income returns to education

Labour economists are interested in the market returns to education. In the human capital
literature, education is treated as an investment input, and individuals are assumed to choose
their level of education (human capital) based on the expected returns to education (Wilson,
2001). Becker (1962, 2009) started the trend of research on estimating returns to education
and stress the significance of the rate of return for assessing the effectiveness of human
capital investment. Card (1999) summarises major theoretical and empirical findings on
the causal relationship between education and earnings. Empirically, higher education is
shown to result in significant wage returns in the UK (Blundell et al., 2000). Weisbrod (1962)
argues that every year of education completed provides a chance for further education as well
as other life opportunities. In addition to simply raising labour earnings, a higher level of
education boosts personal participation in financial markets, improves savings and investment
decisions, and in turn increases overall income (Cole et al., 2014).

Cognitive ability is one of the factors in the earnings function. The initial research dates

back to when Mincer (1974) published the seminal earnings function, which posits that
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higher educational attainment boosts economic outcomes, increasing earnings, employment
opportunities and gross domestic product. Since then, labour economists have adopted and
modified this model to explore the returns to education in many areas. Glewwe (1996) shows
that, controlling for total years of schooling completed, higher cognitive skills more crucially
affect wage determination and employment options. Using two American longitudinal data
sets, Murnane and Willett (1995) find that early adult cognitive ability positively influences
wage, while this return to cognitive ability increases by age. However, Glewwe et al. (2017)
report that, after controlling for years of schooling, there is no strong evidence that childhood
cognitive and non-cognitive abilities significantly influence wages in early adulthood.
People tend to subconsciously process and filter information through personal experiences
and preferences. This difference in systematic ways of thinking reflects the heterogeneity
of individual cognition, which is known as ‘cognitive bias’. Cognitive ability is one of the
traits valued by employers. For practical experience, people with high cognitive ability tend
to be more educated and gain above-average earnings. However, a well-educated person
may have higher innate abilities which enable them to make more money even with less
schooling. In labour economics, when estimating returns to education, failure to control for
cognitive ability leads to ability bias in the results. Given that both education and cognitive
ability have associations with income, Griliches (1977) explains that the correlation between
income determinants and schooling is the source of ability bias. Using data from the United
States, previous studies have discovered that an additional year of schooling results in about
7-11% returns in earnings, while one standard deviation in cognitive ability test scores is
associated with 10-15% in extra earnings (Hanushek and Woessmann, 2008; Murnane et al.,
2000). After systematically reviewing of the literature, Ozawa et al. (2022) argue that greater
cognitive ability is correlated with more school enrolment, higher academic achievement and
more employment opportunities in low-and middle-income countries. Similar results also are
found in high-income countries (Heckman and Vytlacil, 2001). These studies reinforce the
importance of early cognitive ability in income returns to education but neglect the potential

impact of adult cognitive ability.

4.2.2 Cognitive ability and health returns to education

The non-pecuniary effect of education is an important component of the return on education
in addition to the market return. One of the most typical non-pecuniary returns is health.
Abundant empirical evidence shows that disparities in health and life expectancy between

educational groups are persistent and substantial (Mazumder, 2012). People with secondary
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education live on average four years longer than those who completed only primary education
conditional on other circumstances (Bijwaard et al., 2015). Cutler and Lleras-Muney (2006)
find that the monetary value of the health return to education is nearly half of the return to
education on earnings. However, the mechanisms of how education affects health remain
unclear.

Some literature consistently demonstrates that the association between education and
health is mostly causal (Bijwaard et al., 2015). For example, Jiirges et al. (2013) find a
positive correlation not only between education and self-reported health but also between
education and health biomarkers (blood fibrinogen and C-reactive protein levels). In their
study, Courtin et al. (2019) discover a clear educational gradient in health biomarkers. They
find that people who only finished primary education have significantly higher biological
risk than those with secondary or higher education. Most research in this field focuses on
education up to university and how it affects adult health, particularly longevity (Eide and
Showalter, 2011).

Compared with the emphasis on controlling ability bias in labour economics, it is sur-
prising that scant attention has been paid to such bias in the context of estimating health
return to education. Auld and Sidhu (2005) argue that the regression results from most of
the past literature are not credible if they do not deal with ability bias. The causal effect
of education on health can be estimated without bias with proper instrument variable; even
personal ability is unobserved. Using selected parental characteristics as instruments, Berger
and Leigh (1989) show a large causal effect of schooling on health. Goldman and Lakdawalla
(2001) adopt quarter-of-birth dummies as instruments and find greater effects of education
on health than those from traditional OLS regressions. A natural experiment is another
popular method. Using changes in compulsory education laws in England which raise the
minimum school leaving age from 15 to 16, Davies et al. (2018) report that staying in school
causally lowers the risk of death and diabetes from regression discontinuity design analysis.
Similarly, Courtin et al. (2019) find that French compulsory school reform which increases
the average school leaving age by about three months improves levels of biological risk,
especially diastolic blood pressure and white blood cell count.

Additionally, using data from two national surveys (University of Michigan’s Quality of
Employment Surveys for 1973 and 1977), Leigh (1983) suggests that the indirect effect of
education on health dominates the direct effect. Education has many indirect pathways of
influence on health. One common route is through income since higher income often means
greater accessibility to better health care. However, Cutler and Lleras-Muney (2006) show

that the association between education and income can only explain part of health returns
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to education. They suggest that the main reason for this is that higher levels of education
can influence different thinking and decision-making patterns. For example, educated
individuals are more likely to make wiser use of health services, adopt recently developed
pharmaceuticals, have healthy living habits, and make careful choices of occupation (Leigh,
1983; Lleras-Muney and Lichtenberg, 2005). In addition, Brunello et al. (2016) find that
about a quarter of the short-term effect of education on health and about a third in the long
term is mediated by health behaviours which are measured by smoking, alcohol consumption,
exercise and body mass index, even though Kenkel (1991) suggests that the majority of
improvements in health related to higher education cannot be attributed to changes in health
behaviours associated with higher education.

Early cognitive ability is an important factor for health differences in adults (Conti
et al., 2010). Wrulich et al. (2014) report that childhood intelligence is a valid predictor
of adult health across 40 years. With birth cohort data from Scotland, Calvin et al. (2017)
find that higher intelligence scores in childhood are associated with lower risk of mortality
from coronary heart disease, stroke, smoking-related cancers, respiratory diseases, digestive
diseases, trauma and dementia. However, Hatch et al. (2007b) report that higher early
cognitive ability puts both men and women at higher risk of potential alcohol abuse.

Grossman (1972) suggests that the correlation between education and health may be
because education enhances health production efficiency, which means that under the same
conditions (including education achievements), individuals with higher cognitive ability
are healthier as they can deal with diverse information on the relationships between health
behaviours and treatments and potential health outcomes. Dohmen et al. (2018) point out
that cognitive ability tends to be positively associated with avoidance of harmful or risky
situations, but negatively associated with risk aversion in advantageous situations. Empirical
evidence shows that individuals with higher cognitive ability tend to prosess healthful
behaviours, such as less consumption of stimulant drinks, delayed initiation of smoking and
a higher likelihood of quitting in adulthood (Ciarrochi et al., 2012; Daly and Egan, 2017).
Using several different data sets from the US and UK respectively, Cutler and Lleras-Muney
(2010) investigate the relationship between education and health behaviours and report that
knowledge and measures of cognitive ability explain 30% of the education gradient.

Due to limitations in data collection, only a limited amount of literature includes both
cognitive ability and education in health regressions. Hartog and Oosterbeek (1998) find
that mathematical ability is associated with better self-reported health status after controlling
schooling using ordered probit estimates. Auld and Sidhu (2005) investigate the role of
cognitive ability in the health-education nexus and find that the causal effect of schooling
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on health is large only for respondents with low levels of schooling and low cognitive
ability. By developing a structural equation model, Conti et al. (2010) and Heckman et al.
(2014a,b) demonstrate that half of the association between education and health is explained
by the causal effect of education on health, and the other half stems from cognitive and
non-cognitive abilities and early childhood social background. They conclude that people
with poor early cognition and a disadvantaged family background can benefit most from
education. Similarly, Bijwaard et al. (2015) explain that cognitive ability and family SES
contribute about half of the raw differences in mortality across educational groups (selection
effect), and they confirm the importance of the causal effect of education on health even after
controlling cognitive ability and other socioeconomic background variables.

Conversely, based on other natural experiments, some literature demonstrates the esti-
mated direct causal effects of education on health, mortality and health behaviours are small
(Lleras-Muney, 2005; Oreopoulos, 2006; Van Kippersluis et al., 2011) and even insignificant
(Albouy and Lequien, 2009; Arendt, 2005; Braakmann, 2011; Clark and Royer, 2013). This
indicates that in addition to the direct causal effect of education on health, the significant as-
sociation between education and health may be driven by ‘reverse causality’, that poor health
in childhood can constrain adulthood educational attainment (Behrman and Rosenzweig,
2004; Case et al., 2005), and confounding factors, which can simultaneously affect education
and health outcomes. Fuchs (1982) discusses how time preference is such a confounding
factor that people with high discount rates are less likely to invest in health and education.

In general, both education and cognition affect adult outcomes. There is a strong cor-
relation between adult cognitive ability and adult outcomes, especially health outcomes.
We have discussed the effect of educational decisions on midlife cognitive ability in the
previous chapter. This prior knowledge supports our hypothesis that midlife cognitive ability
is very likely to be a mediator in midlife returns to education. We will extend the structural
modelling of the previous chapter and focus on analysing the mediation effect of midlife

cognition on returns to education, which remains a research gap in a related field.

4.3 Methods

This paper aims to explore the mediation effect of midlife cognitive ability in the returns to
educational decisions, with a modelling framework of returns to education modified from
Heckman et al. (2018).
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4.3.1 A structural model for defining returns to educational decisions

We consider three sequential educational decisions (Dj, j € {1,2,3}) that a person faces
following compulsory education in Britain!. The whole educational decision tree is presented

in Figure 4.1.

W Complete Compulsory Only |

(1) Attend Post-compulsory A Level or Equivalent

Secondary Schooling N Qualifications
T .
(@) Attend University
M _w Undergraduate Degree
Y (@ Continue to

Postgraduate Education

¥ Postgraduate Degree
and Above

Fig. 4.1 A multistage sequential decision model modified from Heckman et al. (2018)

We assume that for a person who reaches stage j, he or she will continue education if
the utility of doing so is not less than zero. Heckman et al. (2018) posit that this utility is

determined by a vector of observed variables (XP) and a vector of unobserved factors (UP).

1, I;,>0
D;i=< " 777 where 1,=¢;(XP)+UP, je{1,2,3
J {07 1;<0 J ¢J( ) j VASA }

Assume there is a set of outcomes s € S. Once an individual makes a decision, they
reach an outcome (Y}‘.), determined by a vector of observed variables (X*) and a vector of

unobserved factors (U%). We then define the observed midlife outcome (Y*) as

3

Y= ZleYi, where Y5 =1z;(X")+Uj, seS,je{l,2,3}
]:

Following the identification strategy of Heckman et al. (2018), we assume the existence

of a finite-dimensional vector of unobserved (by the analyst) factors 6, that account for all

dependence between U? and Uj-. Thus,

U =—(B;6—m)), je{1,2,3}

'We have shown the sequential educational decision model in section 2.3.3. To avoid too much repetition,
we briefly recap the main elements.
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and

U, =pj0+w;, seS,je{l,2,3}
where 1); is an idiosyncratic error term for education stage j, and 0); represents an id-
iosyncratic error term for outcome s after making decision at node j. After controlling for
0,XP ,X*, the model eliminates selection effects, so educational decisions and outcomes
are statistically independent. Drawing on past literature, Heckman et al. (2018) suggested
that the unobserved factors are latent early cognitive and non-cognitive abilities, which can
be estimated them through a measurement model. We have introduced the measurement
model in section 2.3.1. Based on our research questions, we distinguish cognitive (6¢) and
non-cognitive (ONC) abilities in the empirical model for ease of understanding and combine
non-cognitive ability into the vector of control variables (XP).

Empirically, in the structural model, we continue to use the function settings for edu-
cational decisions and midlife cognitive ability from the previous two chapters. Recall the
education equations we presented in section 3.3.2%. The utility I j 1s assumed to be linearly

defined by early cognitive ability (6€) and a vector of exogenous covariates (X? and X*).
I =B;6+ ;X2 + 1, (4.1)

where B captures the selection effect of early cognitive ability on the educational decision D ;.
The error term 7); is normally distributed with mean zero and is assumed to be independent
of cognitive abilities, exogenous covariates and measurement error e. Conditional on XD,
it is also independent across educational stages and individuals. We estimate this decision
model by probit regression.

For midlife cognitive ability C44, we adopt the same model identification shown in section
3.3.1.

3

Cap = 1160 + AaX5s + Y, 8D+ €16 (4.2)
=

2To avoid too much repetition, we briefly recap the main elements.
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where 746 captures the effect of early cognitive ability on midlife cognitive ability>. The error
term €46 is normally distributed and is assumed to be independent across individuals and
over time. Conditional on observed covariates, the error term is independent of the lagged
cognitive ability. §; refers to the marginal treatment effect of giving a positive response to
educational decision D; at stage j on midlife cognitive ability, while Z{ 0;D; denotes the
cumulative treatment effect of educational decision up to stage j on midlife cognitive ability.

We also assume a linear formation and specify the following model:

3
46 = P5Cs 1 Pi6Cas + 046 X3s + Zl 7D+ g6 (4.3)

j=
where p;, represents the effect of midlife cognitive ability on midlife outcome, while pg
indicates the selection effect of early cognitive abilities on midlife outcome. The parameter
’c‘; reveals the marginal direct effect of giving a positive response to educational decisions
D; at stage j on midlife outcomes Y. The error term ®;, is assumed to be independent
across individuals and be independent of factors C, XP, ¢ and 1N, conditional on Xj6. The
independence assumption between @ and 7 indicates that conditional on cognitive abilities
and exogenous covariates, educational decisions and midlife outcomes are statistically
independent. As in Heckman et al. (2018), conditional on X, we assume that independence
of latent abilities with respect to the observed covariates (X”) in the Equation (4.1) and
independence of the shocks (17,®) with the latent abilities and the observables (X”). Thus,

any dependency assumed between 711 and @ can be captured by introducing latent abilities.

4.3.2 Decomposition

Given by Equations (4.1) and (4.3), we identify the marginal effect of educational decision

D; on midlife outcome Y3, conditional on D; | = 1, is:

dYy s dCs6

ap, Puap, T
T (4.4)
——

indirect effect  direct effect

3Unlike the previous chapter, we exclude post-compulsory school cognitive ability from the structural
model to simplify it and preserve as much sample size as possible, given the large number of missing values in
post-compulsory cognitive tests. Instead, we include non-cognitive ability as a control. As previously discussed,
non-cognitive ability is likely to directly affect midlife cognitive ability in the absence of post-compulsory
cognitive ability.
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where pj.6; is the marginal mediation (indirect) effect on outcome Y3, via midlife cognition
Cy6 of giving a positive response to the educational decision D, and ’c}‘. indicates the marginal
direct effect of giving a positive response to educational decisions D; at stage j on midlife
outcomes Y.

The cumulative direct effect of reaching educational state j on midlife outcome Y}, equals
the cumulative sum of the effects of each positive response to the educational decisions up to
state j:

Fdlrect Z ) (45)

Similarly, the cumulative mediation effect on outcome Y}, via midlife cognition Cyg of
reaching to educational state j is the cumulative sum of marginal indirect effects of each

educational decisions up to state j:

EFmdlrect Zp465 (46)

Thus, the the total effect of reaching to educational state j on the outcome is:

EFt_otal — EFdirect +EFindirect
J

J
Y (75 +pisd)) 4.7)
1

4.3.3 SEM framework

Figure 4.2 visualises our model which is estimated using the structural equation modelling
approach. All observables are drawn in rectangles, while unobserved factors (including
latent variables and error terms) are drawn wih ellipses. The single-headed arrows give us
the unidirectional causal connections between two variables. The dashed rectangles present
measurement models for cognitive ability across time*. The structural model is illustrated
in the large rectangle (given by Equations (4.1), (4.2), and (4.3)). In the empirical analysis,
we first estimated the measurement model to predict latent abilities. We then substituted the

predicted abilities into the structural model for estimation. Given that the structural model

4To simplify the graph, not all measures are shown. We neglect the measurement model of latent non-
cognitive ability and midlife health indicators as well.
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estimation relied on these predicted abilities, we employed the bootstrap to estimate the

standard errors>.

Measurement Model

Mm+ 1,5 Mm,% Mm+ 1,46

F 3

5
X46

Structural Model

Fig. 4.2 Structural equation modelling framework

4.4 Data

The BCS70 is a multidisciplinary and longitudinal study of about 17,000 children born in
one week of 1970 in Scotland, England, and Wales, and consists of 11 waves. We utilise data
from the majority of the waves of the BCS70. The sample was constructed following the
same steps as in the previous two chapters. Given the focus on the three midlife outcomes, we
created separate samples for each to preserve as much information as possible. The sample
sizes are 2,472 for physical health, 2,432 for mental health, and 2,111 for income.

Midlife outcomes: Our dependent variables are midlife financial and health outcomes
measured at age 46. For the former, in the interview, respondents report their gross weekly

earnings, which we transform by taking the logarithm prior to analysis®. For the latter,

>The one-step estimation did not feasible due to problems with model convergence. Instead, we applied the
two-step estimation.

One person reported a gross weekly earnings of £0.02, which is unrealistic. This outlier is likely to be due
to a recording/coding error. We have re-coded this to a missing value.
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Table 4.1 Descriptive statistics of midlife earnings and health measures

Variable N Mean Std. dev. Min Max
Personal gross weekly earnings 2111 90391 3823.85 12.69 132741.1
Physical health measures

Physical functioning score 2472 90.17 18.06 0 100
Role-limitations due to physical health 2472  88.08 27.56 0 100
Pain score 2472 80.63 21.21 0 100
General health score 2472 69.99 20.22 0 100
Mental health measures

Warwick Edinburgh Mental Well-Being Scale 2432  50.97 7.93 18 70

Source: BCS70 wave 10.

we consider both individual physical and mental health. To measure physical health, we
use four physical test scores from the Short-Form Health Survey (SF-36). The SF-36 is a
widely used multi-purpose health questionnaire comprised of 36 questions. We utilised four
subscales that assess different aspects of physical health: The physical functioning score
indicates functioning across a range of physical activities (e.g. running, climbing stairs).
Role limitations represents lifestyle limitations as a result of physical health problems in
the four weeks before the interview. The pain score reflects pain suffered and its impact on
normal life. The general health score reflects overall health status. Each score ranges from 0
to 100. A higher score indicates better health. Mental health is measured using the Warwick
Edinburgh Mental Well Being Scale, designed to assess an individual’s mental well-being.
Each of the 14 items is scored from 1 to 5, with a total score ranging from 14 to 70, where
higher scores indicate better mental health. Related descriptive statistics are summarised in
Table 4.1. Each health test score was standardised prior to estimation, and we calculated a
weighted average of the four SF-36 tests to create a physical health indicator.

Educational decisions: To counter sample attrition and capture as much information
as possible, we collect education data from the waves between ages 30 and 46 (including
intermediate years). We use the general classification of three educational decisions faced
after compulsory schooling, as presented in Section 3.4.1. For each dummy educational
decision, a value of 1 indicates a positive response, while 0 indicates otherwise.

Figure 4.3 presents the kernel density curves of three midlife outcomes by (general)
educational decisions. For each decision, individuals with positive responses exhibited better
physical and mental health, as well as higher earnings, compared to those with negative
responses. The distribution curves for both physical and mental health are left-skewed,

indicating that a small percentage of the individuals experiences exceptionally poor health.
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In contrast, the income distribution is right-skewed, meaning a small group has significantly
higher incomes.

Abilities: Three latent abilities are assessed through the measurement model: preschool
cognitive ability measured at age 5, midlife cognitive ability measured at age 46, and non-
cognitive ability measured at age 10. The inclusion of early cognitive and non-cognitive
abilities aims to control for unobserved selection bias. At age five, the BCS70 conducts
five cognitive tests: the copying designs test, the English picture vocabulary test, the human
figure drawing test, the complete-a-profile test, and the Schonell reading test. As for midlife
cognitive ability, there is the animal naming task, letter cancellation task (accuracy and
speed), and word-list recall test (immediate and delayed). Additionally, non-cognitive ability
is assessed by six relative scales collected at age 10 based on Conti et al. (2010): the locus
of control (caraloc) scale, the perseverance scale, the cooperativeness scale, the persistence
scale, the attentiveness scale, and the completeness scale. Figure C.1 displays descriptive
statistics for the above test scores’. Following Moulton et al. (2020), we standardise the total
score for each test before estimating the measurement model.

The three scatter plots with fitted lines in Figure 4.4 show the correlation between midlife
outcomes and midlife cognitive ability. The fitted line shows a positive correlation between
midlife cognition and all three outcomes. That is, the higher the midlife cognition, the
healthier the body and mind, and the higher the income. However, the scatter distribution is
somewhat discrete, which means that this positive correlation is not very strong.

Covariates: We control for individuals’ early backgrounds and adult socioeconomic
status (SES). The former includes gender, number of siblings, parental education, and family
income, while the latter includes marital status and occupation. These variables have been
introduced in previous chapters. Descriptive statistics for these variables are summarised in
Table C.2.

Table 4.2 outlines the control variables used in each structural equation. While our model,
based on the selection on unobservables assumption, is theoretically free from endogeneity,
number of siblings still serves as an exclusive restriction. Current literature largely agrees
that family size does not directly influence adult income (Taubman and Behrman, 1986) or
health Baranowska-Rataj et al. (2016)®, with some suggesting that any potential effects are
mediated through education and occupation (Black et al., 2005; Wijanarko and Wisana, 2019).
Initially, we included number of siblings in the outcome equations, but the coefficients were

"We have introduced these tests in sections 2.4.2 and 3.4.1
8Using longitudinal data covering the entire Swedish population, Baranowska-Rataj et al. (2016) found that
growing up in a large family has no causal effect on physical or mental health in midlife.
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Table 4.2 Selection of control variables in each structural equation

Education Cognition Outcomes

Gender

Parental education (age 5)
Number of siblings (age 5)
Preschool cognitive ability (age 5)
Non-cognitive ability (age 10)
Family income (age 16)
Occupation (age 46)

Marital status (age 46)

L
L
L

very small and insignificant, likely because we already control for education and occupation.

To streamline the model, we removed the number of siblings from the outcome equations.
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4.5 Results

Table 4.3 presents the estimates for midlife cognitive ability and outcomes. Consistent with
the previous chapter, we find that preschool cognitive ability significantly impacts midlife
cognitive ability?. This suggests that children with higher cognitive ability early in life
maintain a lasting advantage in cognitive development. The treatment effects of educational
decisions on midlife cognition are also remarkable. For instance, in the structural model for
physical health, individuals with undergraduate or equivalent qualifications have an average
of 0.099 standard deviations higher cognitive ability at midlife than those who only completed
post-compulsory education. Compared to those who only completed compulsory education,
the total effect of undergraduate education is 0.204. Pursuing postgraduate education results
in an average increase of 0.113 standard deviations in midlife cognitive ability, with the total
effect of completing a postgraduate degree being 0.317.

Table 4.3 shows that midlife cognitive ability positively affects both physical and mental
health at the 1% significance level. Holding other factors constant, a one standard deviation
increase in midlife cognitive ability is associated with a 0.062 standard deviation increase
in physical health and a 0.072 standard deviation improvement in mental health. However,
we do not observe any significant direct effect of educational decisions on health outcomes.
Regarding log earnings, midlife cognitive ability has no significant influence, whereas
completing an undergraduate education has a positive and significant marginal direct impact.
People who completed undergraduate education have 17.5 percentage points higher earnings
in midlife than those who did not.

Moreover, respondents with higher non-cognitive ability in childhood tend to be healthier
in midlife. A one standard deviation increase in early non-cognitive ability is associated with
a 0.101 standard deviation increase in physical health, holding other factors constant. Males
tend to have poorer mental health (by approximately 0.115 standard deviations) but earn 66.6
percentage points more than females in midlife. Respondents from highly educated parents
(above A level) and high-income families also have higher midlife earnings, with the latter
group enjoying better physical health as well. Additionally, married individuals are in better
physical and mental health than those who are unmarried. Finally, compared with manual
workers, those in intermediate and professional occupations have significant advantages in
both midlife health and earnings.

We calculate the relative effects of each educational decision on midlife outcomes. Table

4.4 displays the cumulative impact of educational decisions on midlife outcomes. From the

9The magnitude of the estimated coefficients varies due to differences in sample sizes across the structural
models.
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indirect effect column, we find that all educational decisions, when mediated by midlife
cognition, have a significant and positive effect on physical and mental health. For example,
individuals who completed undergraduate education gained more midlife cognitive skills
than those who did not, resulting in a 0.014 standard deviation improvement in mental health.
In comparison, the gap between those with postgraduate education and those without was
0.022 standard deviations. However, we do not observe any significant direct effect of educa-
tional decisions on health outcomes, except for the positive association between completing
undergraduate education and mental health. In contrast, higher education has a significant
direct impact on weekly earnings at age 46. Respondents with an undergraduate degree
earn 22.7 percentage points more than those who only completed compulsory education,
while those with a postgraduate degree earn 31.7 percentage points more. We do not find
any significant mediation effect of education on midlife earnings. The last column shows a
positive and significant total effect of higher education on mental health, but not on physical
health. The total effect of higher educational decisions on midlife earnings is primarily driven
by direct effects, with mediation effects contributing less than 3%.

Table 4.5 summarises the key results of the robustness checks!'®. We considered four dif-
ferent scenarios. Column (1) presents the case where adult cognition is excluded, estimating
only the direct effect of educational decisions on midlife outcomes. Column (2) assumes
midlife cognition to act as a mediator in the midlife returns to education, as discussed
in Table 4.3. Column (3) addresses potential sample attrition bias, applying the Inverse
Probability Weighting (IPW) method to make the estimates as representative as possible.
Column (4) reports results from a simple OLS regression. Comparing columns (1) and (2),
we find that even without accounting for cognitive ability, there is still no direct effect of
educational decision on (physical and mental) health outcomes, although the direct effect of
higher education on earnings remains significant. This suggests that education influences
health primarily through mediating factors, such as midlife cognition, rather than directly.
However, the effect of education on earnings appears to be mostly direct. When comparing
columns (2) and (3)!!, while the magnitude of the coefficients shifts slightly, our overall
conclusions remain unchanged. The point estimates in columns (2) and (4) are consistent,
with only minor differences in standard deviations. This is due to our model’s assumption
that, after controlling for latent (early cognitive and non-cognitive) abilities, there is no

omitted variable bias, meaning that the error terms for educational decisions and midlife

10Fyl] estimation results are provided in Tables C.4, C.5, and C.6

"' A small number of individuals did not participate in the British birth wave for some reasons, making them
ineligible for IPW weighting. However, as this group is relatively small, it is unlikely to introduce significant
bias into the estimates.
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outcomes are independent. Therefore, it is not surprising the maximum likelihood estimates

and OLS results for outcome equations are quite similar.
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4.6 Conclusion

This paper addresses the question of whether midlife cognitive ability acts as a mediator in the
midlife returns to educational decisions made following compulsory schooling, using a SEM
approach. With data from the BCS70, we consider pecuniary return (weekly earnings) and
non-pecuniary returns (physical and mental health) to educational decisions at age 46, where
abilities are treated as latent factors and measured via the measurement model. Building on
the previous framework, we include midlife outcome equations in the structural model and
identify mediation effects.

Existing literature (Calvin et al., 2017; Carneiro et al., 2007; Furnham and Cheng, 2016;
Hatch et al., 2007b; Sun et al., 2018; Wrulich et al., 2014) has shown that early cognitive
ability positively influences later financial and health outcomes. However, conditional on
education and adult SES, we do not find a significant direct effect of early cognitive ability
on health and weekly earnings in midlife. After controlling early cognitive abilities, we find
that midlife cognitive ability positively impacts physical and mental health but not earnings.
This may be due to the fact that most of the diseases associated with midlife cognition are
psychiatric (e.g. cognitive decline and Alzheimer’s disease); and mental health and physical
health tend to interact. Contrary to the findings in the existing literature, our results suggest
that cognitive ability — whether in childhood or adulthood — does not have a significant
impact on midlife earnings, once education and adult socioeconomic status (SES) are taken
into account.

Next, we find that, through midlife cognitive ability, all education decisions have a
significant positive influence on physical and mental health. This is not unexpected. Since
cognitive ability is strongly correlated with health literacy (Wolf et al., 2012)!2, we expected
that people with higher levels of education were more likely to have higher midlife cognitive
abilities (and corresponding health literacy), which enables them to make more effective
health decisions and achieve higher levels of health outcomes.

Furthermore, our study suggests that educational decisions have no significant direct
effect on mental health, which is consistent with the literature (Albouy and Lequien, 2009;
Arendt, 2005; Braakmann, 2011; Clark and Royer, 2013; Grossman, 2015). However, after
accounting for the mediation effect, we find that the overall impact of education on mental

health is significant and positive. Chevalier and Feinstein (2006) report that education

12Health literacy usually refers to an individual’s ability to understand and use information to make decisions
about their health. A person with low health literacy often has difficulty: reading and understanding health
information, knowing how to act on this information, and knowing which health services to use and when to
use them. Source: https : //service — manual .nhs.uk /content [ health — literacy
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can reduce the transition to depression and improve mental health, especially for women,
individuals with mid-level qualifications, and individuals at greater risk of mental illness.
However, their study did not consider the effect of cognitive ability in midlife. Our findings
suggest that the effects of education on mental health may be fully mediated through effects
on cognitive ability in midlife. But, studying in higher education can be a stressful challenge
for some. For example, Evans et al. (2018) find that graduate students are more than six times
as likely to suffer from mental illness (depression and anxiety) than the general population,
a phenomenon that has been referred to as a ‘mental health crisis’ in the postgraduate
population.

In addition, our undergraduate and graduate education decisions positively affect midlife
earnings, with the direct effect of education dominating. We find no significant mediating
effects of midlife cognition. The effect of education on earnings through midlife cognition
can be seen as a productivity effect, while the direct effect of education on earnings reflects
more of a signalling effect. Our findings suggest that the signalling value of higher education
is more important than its productivity effect (the value of education in promoting cognitive
ability in terms of determining midlife earnings). We also do not find a significant effect
of completing post-compulsory schooling on earnings. Arcidiacono et al. (2010) propose
a view of ability revelation to explain the wage gap between college graduates and high
school graduates. College graduates are paid by their ability from the beginning of their
careers, since their ability is observed nearly perfectly. However, high school graduates’
ability is revealed to the labour market gradually so that their wages are initially unrelated
to their ability. Our findings suggest that the earnings gap between undergraduates and
non-undergraduates persists through midlife.

In examining the returns to educational decisions, our model set-up and related as-
sumptions draw heavily on Heckman et al. (2018)’s model. We assume that the source of
endogeneity in the education variables is primarily an ability bias. As long as we introduce
cognitive ability and non-cognitive ability indicators in our regressions, our model will theo-
retically be free of endogeneity. Consistent with Heckman et al. (2018), we find that early
cognitive and non-cognitive abilities positively influence educational decisions. However,
aside from a positive association between early non-cognitive ability and midlife physical
health, we did not observe any significant associations between early abilities and midlife
outcomes.

Some may be concerned that there is a possibility of reverse causality since both midlife
cognitive ability and the outcomes we use were measured at age 46. We do not think that

this is a problem, as health is not a prevalent factor in the literature related to cognitive
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function and research has focused more on the impact of adult cognitive ability on several
cognitively related diseases, such as Alzheimer’s disease. Rodriguez et al. (2021) have shown
that personal income impacts adult cognitive ability. Their sample is a group of people over
the age of 50, whereas our sample group is relatively young. There is no evidence we are

aware of that income impacts the cognitive ability of people under 50.



Chapter 5
Conclusions

This thesis focuses on investment and returns to human capital, proposing a potential path
mechanism to discuss the role of cognitive ability in midlife returns to educational decisions.
In this path framework, we hypothesise that early cognitive abilities have a selection effect on
educational decisions and midlife outcomes, while midlife cognitive ability acts as a mediator
in the returns to educational decisions. These relationships are tested via a SEM approach.
The validity of estimating causal effects using SEM is largely based on prior knowledge of
the relevant disciplines. We then divide the verification process into three chapters, review
the relevant literature for each relationship, start with a simple single relationship, and
discuss it step by step. Chapter 2 explores the selection effect of early cognitive abilities on
educational decisions. Chapter 3 analyses the treatment effect of educational decisions on
midlife cognitive ability. Chapter 4 investigates the mediation effect of midlife cognitive
ability on midlife returns to education.

Chapter 2 finds that higher preschool cognitive ability (measured at age five) makes
individuals more likely to choose to complete post-compulsory education and undergraduate
education, but it has no significant impact on the choice of postgraduate education. This
confirms the importance of early cognitive development before the age of five. Research from
Case and Kraftman (2022) propose that inequalities in early health and cognitive development
are related to health inequalities in adulthood. It is important to understand the determinants
of early childhood cognitive development (Burger, 2010). We find that children with lower
birth weight, multiple siblings, and young, uneducated mothers were in a disadvantaged
position in early cognitive development. To mitigate these early negative life difficulties,
policies should target such children and their families. For example, policies can develop
programs to address the unmet nutritional needs of at-risk mothers and children (e.g. see

DiGirolamo et al. (2020) and its reference). In addition, we find that after controlling for
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preschool cognition, individuals with higher levels of post-compulsory school cognition still
have a positive selection effect on all educational decisions, and this effect is significant
and longer-lasting than the effect of preschool cognition. This means that if policymakers
aim to improve the educational attainment of the population, then public policy should
prioritise interventions for cognitive development during adolescence. Our findings indicate
that children with higher cognitive abilities in preschool, higher parental education, and
higher family income have more advantages for cognitive development during adolescence
than others. This also requires policies that reduce inequalities in adolescent cognitive
development based on socioeconomic background. For individuals born in the 1970s in
the UK, government investment in early cognitive development was limited compared
to today’s standards. The focus on early cognitive development and related intervention
policies primarily emerged after 1998, with initiatives like Sure Start (Sure Start Children’s
Centres) and 30 Hours Free Childcare. These programs was aimed to reduce early cognitive
development gaps among disadvantaged children from low-income families by providing
high-quality early educational opportunities and childcare services before the age of five.
From ages 5 to 16, the UK government’s interventions for cognitive development mainly
centred on educational policy reforms aimed at raising academic standards and mitigating
educational inequality. This included the introduction of the GCSE and A-level systems,
as well as financial support for students from low-income families. However, current
government policy tends to prioritise broader interventions for early cognitive development
over those targeting adolescent cognitive development.

Based on the results of Chapter 2, Chapter 3 finds that completing graduate education,
respectively, has a positive marginal treatment effect on midlife cognitive ability (measured
at age 46), while there is a limited effect of post-compulsory education and undergraduate
education on midlife cognition. In addition to early cognition and education, we also find that
partnered individuals have higher midlife cognition than unpartnered individuals. Our results
demonstrate a bidirectional relationship between cognition and education, whereby early
cognition influences educational decisions, and educational decisions subsequently influence
midlife cognition and also re-emphasise the importance of early cognitive development.
Adult cognition is closely related to many aspects of people’s lives and determines their
quality of life (Anstey et al., 2013b). Our findings suggest that tertiary education can help
people achieve higher cognitive abilities in midlife, which may also be one of the ways to
alleviate cognitive impairment in later life. It also suggests that policies should take action
(such as academic loans or tuition fee concessions) to encourage people to complete higher

education.
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Chapter 4 finds that midlife cognitive ability positively impacts midlife health. Complet-
ing education through midlife cognitive ability has a positive mediation effect on physical
and mental health, but the direct effect is negligible. Our midlife health outcomes consider
general health and do not place additional weight on certain conditions or diseases. In
the existing literature arguing that education has a causal effect on health, health indica-
tors are mostly obesity (Kemptner et al., 2011), self-reported health (Jiirges et al., 2013),
longevity (Eide and Showalter, 2011), depression (Chevalier and Feinstein, 2006) and spe-
cific biomarkers (Courtin et al., 2019), and the focus group is mostly people over 50 years
old (e.g Brunello et al., 2016). However, we do not observe a significant causal effect of
education on midlife health in terms of overall effects. This may be because the effects of
education on health are only significant later in life, or because the effects of education are
more prominent on specific diseases. This is a potentially rich area for future research. In
addition, completing undergraduate education and postgraduate education has a significant
effect on midlife earnings, with the direct effect of education dominating and the mediation
effect being negligible. Our results suggest that, for adult outcomes that are closely related
to midlife cognition, midlife cognitive ability is very likely to be an important mediator for
studying the relationship between education and these adult outcomes. In contrast, midlife
cognition is less important for educational returns that are not strongly related to midlife
cognition. For example, for midlife earnings, the role of cognition is more reflected in the
selection effect of early cognition rather than the mediator role of midlife cognition.

In terms of UK policy, individuals born in the 1970s have benefited from the Adult Edu-
cation Funding and Lifelong Learning Strategy initiatives implemented in the 2000s, which
aimed to enhance vocational skills and cognitive abilities. As the UK gradually transitions
into an aging society, there will be a significant increase in the demand for healthcare services
related to chronic diseases (such as diabetes, heart disease, and Alzheimer’s disease) and
mental health issues (like depression and anxiety) among the elderly population. At the same
time, however, the NHS is struggling with healthcare resource scarcity and workforce short-
ages. Our findings indicate that active intervention in cognitive development during midlife
can effectively improve health outcomes, thereby alleviating the social burden associated with
healthcare. While current policies, such as the National Mental Health Plan in the UK, aim to
raise public awareness of mental health issues and enhance psychological well-being through
education and training, there remains an insufficient emphasis on cognitive development for
older adults. We recommend that policies promoting lifelong learning also introduce more

educational and training programs was tailored specifically for older adults. Furthermore,
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pension reform policies should include provision for adequate workplace and social support
to help workers manage the mental health pressure of postpone retirement to late years.

In summary, our study confirms that cognitive abilities at different points in time play
different roles in midlife returns to education that are closely related to cognitive abilities.
For example, we find that early cognitive ability has a positive selection effect on educa-
tional decisions and midlife earnings, while midlife cognitive ability mediates the impact
of educational decisions on midlife health. Our results find that completing undergraduate
education and postgraduate education significantly contributes to midlife cognitive ability
and midlife earnings. Our findings suggest that policies should give more attention to cog-
nitive development in adolescence and adulthood and encourage higher education, which
would help boost economic growth, reduce healthcare expenditures, and mitigate income
and health inequalities. In Chapters 3 and 4, we are more interested in the average impact of
education and assume that the returns to education are homogeneous. Future research could
try to relax this assumption depending on the purpose of the study. At the same time, when
studying returns to education, many studies tend to assume that education is endogenous
because individuals’ preferences for discount rates affect education choices and returns to
education. We use non-cognitive ability to proxy these preferences and assume that education
is exogenous after controlling for cognitive and non-cognitive abilities. Since people in our
sample were born in the same period, many commonly used instrumental variables (e.g.
month of birth and changes in compulsory schooling laws) do not apply to our case. Future

studies may relax this assumption if valid instrumental variables (e.g. genes) can be found.
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Appendix A

Appendix to Chapter 1

A.1 Modelling the production function for cognitive ability

The idea of function framework was derived by Ben-Porath (1967) and extended by Leibowitz
(1974) to applied for analysing family investment in children. Todd and Wolpin (2007)
then gave a systematic review of conventional approaches to modelling and estimation of
cognitive achievement production function. This section briefly introduces the value-added
specification on modelling the production function of cognitive ability, which is largely based
on the descriptions in Todd and Wolpin (2007), except for some notation differences. We use
the same notation as in the main text.

We assume that the acquisition of knowledge is an cumulative process. People are born
with an innate cognitive capacity which may be determined by a combination of genetic
endowment and maternal conditions of conception. This initial ability, coupled with all past
and present inputs, collectively drives a cognitive outcome.

Let C; refers to the level of cognitive ability for a child at age 7, and vy denotes the initial
capacity. A vector of all inputs given at ant time up to age 7 is denoted by Z,;(¢). According
to the above assumption, the level of cognitive ability at age ¢ is a function of all prior inputs

and initial endowment:

G :ﬁ(zl(t)v DO)'
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For ease of empirical interpretation, this production function is assumed to have a linear
formation '. We assume that input effects do not depend on child’s age, however, it could
rely on the age at which they were applied relative to the current age. We further subdivide
the inputs at age ¢ into observed inputs X; and unobserved inputs y;. In empirical, cognitive
ability is a latent trait that cannot be observed. It is normally proxied by relevant test score C

that measures cognition with error &. Therefore, we have:

G = (MXe + X1 + ...+ A X1)
+ (U + 1+ F ) + K500+ & (A.1)

The specification of the Equation (A.1) indicates the ‘true’ structure which is hard to
achieve empirically. There are a few challenges for the empirical implementation. First, the
heritable endowment vy is unable to observed. Next, the investment data sets are always
partly missing 2. Furthermore, Some chosen inputs may be endogenously with respect to
unobserved factors 3. Tt is because of these data limitations that researchers often need to
make additional assumptions to their studies in order to make formulas (A.1) estimable.

The value added specification is one of the traditional approaches, which suits for the
case that data on lagged inputs are missing or incomplete #. It identifies that the current
cognitive measure is related to a lagged (previous) cognitive measure and inputs in current

period.
C,=AX,+YC,_| +&. (A.2)

Let us do some maths to convert Equation (A.1) into a similar value-added form. Based

on the Equation (A.1), we can easily derive the equation for the lagged cognition.

G = MXi_1+MXi 2+ ..+ A1 X))
+ (U1 F oo+ F ) F K100+ &1

!Cunha and Heckman (2008) extend this linear value-added specification by allowing latent non-cognitive
skills to affect latent cognitive skills, which suits for data with historical input and repeated cognitive measures.
Cunha et al. (2010) further develop the model to allow for the nonlinear format.

ZFor example, some inputs may be missing, or some inputs may have incomplete historical data.

3For instance, when estimating the effect of parental investments on cognitive ability, parental investment
could be endogenous as parents may perceive their children’s (partial) ability and choose investment depends
on this perception (Dickerson and Popli, 2016)

“4For other specifications, see Todd and Wolpin (2007)
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Then by subtracting }/CA}_l from both sides of Equation (A.1), we have:

6; — yCA}_l =(MX+0X 1+ ..+ AX)+ (Ul + ol 1+ F L)+ Ko+ &
—YNMX— 1+ X2+ 4 X))+ (U o2+ L )
+ K100+ & 1]
=MhXi + (2 —7A)X—1 + ..+ (A — YA )Xi + Ul
+ (= Yu)t—1 4+ (4 = Vi) + (6 — Vi—1) 01+ (& — V1)

Next, by moving yCA‘,_l from the left to the right, we obtain:

Cr=MX +YC 1+ (A2 — YA)X 1 + o4 (A — YA 1)X1) + (K — Y1) 01
+ [+ (2 —yu) -1+ + (= yu—) ] + (& —v&—1). (A.3)

In order for Equation (A.3) to become Equation (A.2), following constraints are required

1. Forallt € T, A, = YA,_. It assumes that the coefficients associated with the observed
inputs change proportionally with age (or other measured distance) and at the same

rate for each input.

2. Forallt € T, kK, = yKk;—1. It assumes that the influence of initial endowment changes

at the same rate as input effects.

3. Forallt € T, i, = y1,—. It assumes that the coefficients associated with the omitted
inputs also change proportionally with age (or other measured distance) and at the

same rate for each input.

4. All omitted inputs are uncorrelated with observed inputs and with the lagged cognitive

ability (test score).

5. The shock (& — v&;—1) has an independent and identical distribution. It assumes that

the residual & is serially correlated with the same rate as input effects.

>More details and discussions can be found in Boardman and Murnane (1979).
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A.3 Appendix Tables

Table A.1 Compare distributions of control variables in sample and in original dataset

Variable Sample Original wave

Initial birth conditions

Mother’s age at birth 2363 13135
mean 26.04 25.97

Birth weight 2363 13135
mean 3.34 3.27

Gender 2363 13135
female 1384 (59%) 6327 (48%)
male 979 (41%) 6808 (52%)

Early family circumstances

Number of siblings at age 5 2363 13135
none 258 (11%) 1352 (10%)
one sibling 1275 (54%) 6378 (49%)
two or more siblings 830 (35%) 5405 (41%)

Parental education at age 5 2363 12873
no qualification 1080 (46%) 7090 (55%)
lower than A level 898 (38%) 4248 (33%)
A level and above 385 (16%) 1535 (12%)

Family income at age 16 2363 7185
low-income group 692 (29%) 2639 (37%)
medium-income group 1289 (55%) 3523 (49%)
high-income group 382 (16%) 1023 (14%)

Source: the BCS70 wave 1, 2, and 4. T tests showed that the mean of
controls in sample group was significantly different from the mean of
controls in population group (except for mother’s age at birth).



A.3 Appendix Tables 137

Table A.2 The correlation between non-cognitive measures at the age ten

loc10 Pesl0 Copl0 ComlO Attl0 PetlO

Locus of control scale 1

Perseverance scale 0.251 1

Cooperativeness scale 0.136  0.393 1

Completeness scale 0.136 0.581 0.293 1

Attentiveness scale 0.221 0.624 0.351  0.593 1
Persistence scale 0.212 0.713 0.326 0.564 0.617 1

Source: the BCS70 wave 3.
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Appendix B

Appendix to Chapter 2

B.1 Additional adult cognitive measures

Cognitive ability tests at age 34: There were two cognitive tests. The first was a literacy
assessment, consisting of both multiple-choice and open-response questions. In the multiple-
choice section, participants were initially required to complete 10 screening questions at an
introductory level. Those who answered fewer than six questions correctly proceeded to
answer an additional 10 questions at the same level. Participants who correctly answered
six to ten screening questions advanced to a higher level, where they completed 10 more
challenging questions. Each correct answer was awarded one point. In calculating the total
score, participants who did not pass the initial screening could achieve a score between 0
and 15, while those who passed were assumed to have answered all additional entry-level
questions correctly, resulting in a possible score range of 16 to 30. The open-response
section included 7 questions, with one point awarded for each correct answer.The second
cognitive assessment focused on numeracy and consisted of 17 multiple-choice questions
and 6 open-response questions. Each correct response was awarded one point. Given that
there were only two tests, we obtained the cognitive indicator directly by averaging the test
scores after normalising them.

Cognitive ability tests at age 42: At age 42, cohort members completed only a vocabu-
lary test, designed to assess their understanding of word meanings. This task was a shortened
version of the vocabulary test administered at age 16. Participants were presented with 20
sets of words (compared to 75 sets in the age 16 vocabulary test) and were required to select
the word from each set of five that most closely matched the meaning of the target word

within four minutes. One point was awarded for each correct selection. Since there was only
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one test, we directly used the scores that were standardised as an indicator of 42-year-old

cognition.

B.2

Appendix tables

Table B.1 Descriptive statistics of cognitive test scores in baseline sample

N Mean s.d. Min Max
Cognitive ability tests at age 5
Copying designs test 2830 5.15 1.92 0 8
Complete a profile test 2751 7.07 3.93 0 16
English picture vocabulary test 2129 3497 8.58 5 51
Human figure drawing test 2805 10.80  3.03 1 23
Shortened Edinburgh reading test 1409 393  6.13 0 50
Cognitive ability tests at age 16
Shortened Edinburgh reading test 1427 56.54 12.04 12 75
BAS matrices test 1459  9.05 1.55 1 11
Arithmetic test 1685 3849 1123 O 60
Spelling test 2684 16497 26.16 O 198
Vocabulary test 2674 4399 1219 O 72
Cognitive ability tests at age 46
Immediate word-list recall test 2830 6.79 1.39 0 10
Delayed word-list recall test 2827 5.774 1.76 0 10
Animal naming task 2828 2426 5.95 1 52
Letter cancellation task - speed 2764 35230 82.01 128 780
Letter cancellation task - accuracy 2764 4599 3.66 14 50

Source: BCS70 wave 2, 4 and 10.
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Table B.2 Descriptive statistics of cognitive test scores in full sample

N Mean s.d. Min Max
Cognitive ability tests at age 5
Copying designs test 1537 5.17 1.92 0 8
Complete a profile test 1501  7.18 3.93 1 16
English picture vocabulary test 1140 3533 8.15 6 51
Human figure drawing test 1527 10.84 3.02 1 21
Shortened Edinburgh reading test 794  4.10  6.25 0 48
Cognitive ability tests at age 16
Shortened Edinburgh reading test 738  57.93 11.63 15 75
BAS matrices test 753 9.14 1.55 1 11
Arithmetic test 896 3941 1090 O 60
Spelling test 1456 166.45 2526 O 197
Vocabulary test 1451 4464 1197 O 72
Cognitive ability tests at age 46
Immediate word-list recall test 1537  6.79 1.38 1 10
Delayed word-list recall test 1535 5.75 1.75 0 10
Animal naming task 1536 2434 597 2 52
Letter cancellation task - speed 1505 354.72 81.37 132 779
Letter cancellation task - accuracy 1505 46.01 3.68 14 50

Source: BCS70 wave 2, 4 and 10.

Table B.3 Descriptive statistics of non-cognitive test scores in full sample

N Mean sd. Min Max
Locus of control scale 1537 7.83 2.84 0 15
Perseverance scale 1501 31.64 10.47 1 47
Cooperativeness scale 1515 33.10 8.58 1 47
Completeness scale 1514 3592 1244 1 47
Attentiveness scale 1513 3486 12.04 1 47
Persistence scale 1521 31.36 12.89 1 47

Source: BCS70 wave 3.
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Table B.9 Descriptive statistics of predicted cognition from original sample

N Mean s.d. Min Max
C5 13049 -0.001 0.56 -1.92 2.06
Cl6 6044 0.08 092 -3.66 2.16
C34 9522 -0.02 096 -6.72 1.15
C42 9433 0 1 -3.40 2.00
C46 8509 -0.0003 0.78 -3.22 244
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Table B.16 Extended analysis: the impact of education (completed before age 34) on different
periods of adult cognition (complete results)

(D Age 34 Age 42 Age 46
Whether finish post-compulsory schooling 0.388***  (0.402%#** 0.200%**
(0.043) (0.085) (0.052)
Whether to complete undergraduate education 0.096%*  (0.189** 0.15 1%
(0.043) (0.086) (0.052)
Whether to obtain postgraduate education 0.219%%%*  (.452%*%* (0.283%x**
(0.051) (0.102) (0.062)
Gender (baseline = female) 0.162%**  (0.101* -0.091***
(0.028) (0.057) (0.034)
Marital status (baseline = never married)
Divorced/legally separated/widowed 0.139%**  -0.071 0.213%**
(0.052) (0.089) (0.059)
Married 0.091%** 0.040 0.221%*%*
(0.030) (0.066) (0.045)
Occupation (baseline = manual)
Intermediate 0.340%** 0.090 0.189%#%**
(0.041) (0.076) (0.051)
Professional 0.516%**  (.373%%%* 0.274%%*
(0.037) (0.067) (0.046)
Educational equations
One-step Vv V Vv
N 3104 1088 2703
2) Age 34 Age 42 Age 46
Whether finish post-compulsory schooling 0.257#%%  (0.218%*%* 0.110%*
(0.040) (0.069) (0.051)
Whether to complete undergraduate education 0.017 -0.034 0.080
(0.040) (0.070) (0.051)
Whether to obtain postgraduate education 0.101%**  0.240%** 0.199%*
(0.048) (0.083) (0.060)
Preschool cognitive ability (age 5) 0.297%** (. 272%** 0.274%
(0.035) (0.063) (0.043)
Post-compulsory school cognitive ability (age 16) 0.377#**  (0.525%%%* 0.171 %%
(0.023) (0.044) (0.026)
Gender (baseline = female) 0.223*%* (. 160%** -0.062%*

(To be continued on the next page)
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(table continued)

(0.026) (0.046) (0.034)
Marital status (baseline = never married)
Divorced/legally separated/widowed 0.108%** -0.041 0.207%**
(0.049) (0.072) (0.057)
Married 0.088%** 0.042 0.21 1%
(0.028) (0.054) (0.043)
Occupation (baseline = manual)
Intermediate 0.176***  -0.075 0.103%**
(0.039) (0.061) (0.050)
Professional 0.249%*%  (.134%%* 0.137%*%*
(0.036) (0.055) (0.045)
Educational equations
One-step N4 Vv Vv
N 3104 1088 2703
AIC 69812.09 24308.59 90569.85
BIC 70071.83 24523.25 90900.36
3) Age 34 Age 42 Age 46
Whether finish post-compulsory schooling 0.275%*%* 0.154 0.096*
(0.051) (0.108) (0.056)
Whether to complete undergraduate education 0.061 0.056 0.095*
(0.041) (0.099) (0.057)
Whether to obtain postgraduate education 0.121%*  (0.293%** 0.167**
(0.038) (0.079) (0.071)
Preschool cognitive ability (age 5) 0.322%%*  (),329%%* 0.175%**
(0.034) (0.068) (0.040)
Post-compulsory school cognitive ability (age 16) 0.319%**  (.45]1%** 0.174%**
(0.034) (0.052) (0.026)
Gender (baseline = female) 0.191%**  (,164%** -0.030
(0.035) (0.064) (0.039)
Marital status (baseline = never married)
Divorced/legally separated/widowed 0.030 0.040 0.212%*%*
(0.070) (0.107) (0.068)
Married 0.083%** 0.089 0.252%*
(0.036) (0.077) (0.052)

Occupation (baseline = manual)
Intermediate 0.143%** 0.013 0.113%*

(To be continued on the next page)
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(table continued)

(0.069) (0.096) (0.057)
Professional 0.222%**  (0.167** 0.071
(0.056) (0.075) (0.054)
Educational equations Vv vV Vv
One-step
N 1687 594 1477
AIC 8460.014  3065.999 7511.167
BIC 8704.396 3263.408 7749.567

Note: *p < 0.1, **p <0.05, ***p < 0.01. As the variables included in the model vary, the
corresponding sample size also changes. SES is measured in accordance with the update

of adult cognition.
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B.3 Appendix figures

N -

Mot complete post-compulsory Complete post-compulsory

] -

Mot complete undergraduste Complete undergraduate

) -
= A

Mot complete postgraduate Complete postgraduate
I FPre-school Post-compulsory
Midlife

Fig. B.1 Mean of abilities by response to each general educational decision, for the negative
response (D; = 0, the left) and the positive response (D; = 1, the right)
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[ Cognition at age 5 [ cCognition at age 16
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Fig. B.2 Distribution of predicted cognition from original sample
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Appendix to Chapter 3

C.1 Appendix tables

Table C.1 Descriptive statistics of latent ability test scores by ages

N Mean S.D. Min Max
Cognitive ability tests at age 5
Copying designs test 2470  5.06 1.94 0 8
Complete a profile test 2395 7.16 3.98 1 16
English picture vocabulary test 1859 3481 8.42 6 51
Human figure drawing test 2453  10.73  3.07 1 22
Shortened Edinburgh reading test 1222 370  5.71 0 48
Cognitive ability tests at age 46
Immediate word-list recall test 2472 6.72 1.40 0 10
Delayed word-list recall test 2469  5.65 1.75 0 10
Animal naming task 2470 2398 594 1 52
Letter cancellation task - speed 2424 349.68 82.81 120 780
Letter cancellation task - accuracy 2424 4593 3.68 14 50
Noncognitive ability tests at age 10
Locus of control scale 2441  7.60 292 0 15
Perseverance scale 2413 3052 1072 1 47
Cooperativeness scale 2430 32.85 8.54 1 47
Completeness scale 2429  34.60 12.81 | 47
Attentiveness scale 2423 3358 1222 1 47
Persistence scale 2441 29.86 13.15 1 47

Note: Since the sample sizes of the different outcomes are similar and the variable
distributions show little variation, we present the descriptive statistics only for the
largest sample. Source: BCS70 wave 2, 3 and 10.
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Table C.2 Sample sizes of socioeconomic characteristics

Variable

Full Sample

Original wave

Educational decisions by the age of 46

D1: Whether to complete post-compulsory schooling

No
Yes

D2: Whether to finish undergraduate education

No
Yes

D3: Whether to complete postgraduate education

No
Yes
Covariates
Gender
female
male
Number of siblings at age 5
none
one sibling
two or more siblings
Parental education at age 5
no qualification
lower than A level
A level and above
Family income at age 16
low-income group
medium-income group
high-income group
Marital status
never married/ in a civil partnership
divorced/legally separated/widowed
married
Occupation
manual
intermediate
professional

2472
959 (39%)
1513 (61%)

2472
1337 (54%)
1135 (46%)

2472
2236 (90%)
236 (10%)

2472
1270 (51%)
1202 (49%)
2472
251 (10%)
1326 (54%)
895 (36%)
2472
1172 (47%)
923 (37%)
377 (15%)
2472
691 (28%)
1361 (55%)
420 (17%)
2472
483 (20%)
379 (15%)
1610 (65%)
2472
637 (26%)
497 (20%)
1338 (54%)

13141
6452 (49%)
6689 (51%)

13141
8291 (63%)
4850 (37%)

13141
12227 (93%)

914 (7%)

13135
6327 (48%)
6308 (52%)
13135
1352 (10%)
6378 (49%)
5405 (41%)
12873
7090 (55%)
4248 (33%)
1535 (12%)
7185
2639 (37%)
3523 (49%)
1023 (14%)
8414
1739 (21%)
1410 (17%)
5265(63%)
7373
2010 (27%)
1647 (22%)
3716 (50%)

Note: Since the sample sizes of the different outcomes are similar and the variable
distributions show little variation, we present the descriptive statistics only for the

largest sample. Source: BCS70.
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