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Abstract

The thesis is concerned with human capital formation. The effects of different
aspects of families and other institutions in the formation of human capital are assessed
but human capital is studied in a more broad sense than hitherto in the economics
literature.

The first paper develops a time allocation model to see whether the attainments of
children depend on pre-school participation. When analysis deals with the endogeneity
resulting from the pre-school participation decision, one finds that any initial positive
effects of early 1960s participation were lost by age eleven. Children, who were in pre-
schools in the 1970s, performed worse in tests if they spent time in pre-school rather than
with parents or other adults.

The second paper finds that infant development is a significant signal of final
education qualifications. The strongest factor associated with early success is maternal
education, particularly degrees, suggesting that interactions with the mother in early life
have important implications for economic welfare. Differences in the educational quality
of these interactions are, in part, responsible for later educational and hence economic
inequality.

The third paper finds that the dominant factor in age 16 attainment is the interest
taken by parents in the education of children. This dwarfs the effect of standard proxies
for the domestic environment such as paternal occupational classifications and suggests
that analyses such as those of OFSTED into the effects of schools must take account of
this aspect of family background.

The final paper shows that hourly wages do not depend only on academic abilities
developed in childhood but also on the psychological and behavioural capital built up by
age ten, such as self-esteem and ‘social behaviour’. The economic returns to investments
in schooling, therefore, should not be conceived solely in terms of the production of

academic ability.
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Chapter 1. Introduction

There is currently considerable concern about the success with which British
children are educated and prepared for the labour market and life in general. Many people
feel that education is both a source of general economic growth and a possible means of
redressing social inequality. This political importance of education reflects the impact of
the idea of human capital within economics. The origins of this notion can be seen in The
Wealth of Nations in which Adam Smith observes that the work of an educated man
“which he learns to perform, it must be expected, over and above the usual wages of
common labour, will replace to him the whole expense of his education™.”

The possibility of a return to education was present, therefore, from the birth of
modern economics, suggesting that education might be thought of as an economic
decision with associated costs. This possibility remained relatively undeveloped,
however, and it isn’t until the post-war period of the twentieth century that the
implications of this wage premium have begun to be theoretically and empirically
explored by economists. McCloskey (1990) describes the revelation of the idea of human

capital for Schulz who:

“interviewed an old and poor farm couple and was struck by how contented they
seemed. Why are you so contented, he asked, though very poor? They answer: You’re
wrong Professor. We’re not poor, we’ve used up our farm to educate four children
through college, remaking fertile land and well-stocked pens into knowledge of law and

latin. We are rich.”

It is to be hoped that this university education did indeed show satisfactory returns
for the children of this particular couple but, importantly, Smith’s observation of a
general wage premium to repay educational expenditures had been extended to suggest
the possibility of an explicit analogy between physical and human capital, an extension
that has provided substantial research advantages. The intuition of the possibility of
economic returns to human capital has since been established empirically in a number of
frameworks, such as those of Mincer (1974) or Ben-Porath (1967). The importance of

some measure of human capital in estimated earnings functions has been interpreted as a

! Smith, A., (1776). The Wealth of Nations. Bk 1, ch. 10, pt 1.
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return to productivity or, alternatively, as a signalling effect but in either case, it is
established that expenditure on education is a viable source of investment returns. This is
despite the implications for human capital theory of the obvious distinctions between
humans and machines, implications explored by, for example, Shaffer (1961), Schulz
(1961a/b) and Blaug (1970).

The development of the theory of human capital has also been fruitful for growth
economics. Countries or regions with high levels of human capital are expected to grow
faster that others. In the models of Romer (1986) or Lucas (1988), for example, human
capital enters the production function to make growth endogenous. These models,
therefore, explicitly raise the question of how human capital is generated, or extending
further the metaphor with physical capital as is commonly done, of the formation of
human capital. This is the topic of the four papers of this thesis.

For labour economics, schooling and ability have become the standard measures
of human capital. In the growth literature, on the other hand, human capital has been
thought of in a number of other ways, the result, for example, of investment in physical
capital (learning-by-doing, Arrow, 1962). Alternatively, in the model developed by
Uzawa (1965) and extended by Lucas (1988), growth results from the technological
outputs of the research community. These notions of productivity-enhancing knowledge
gained from practice with sophisticated machinery or, in the Uzawa notion, growth-
enhancing inventiveness are clearly distinct from an individual’s academic ability or
simple years of schooling as explored in labour economics and have explicitly different
processes of formation.

The different foci of the two research strands, therefore, lead to different research
questions for those concerned with human capital formation. In the growth literature, as
has been said above, it has been important to model the way in which the formation of
human capital is determined simultaneously with economic growth, providing
endogenous growth. Alternatively, researchers have considered the question of which
measures of human capital best predict growth rates in different models and with different
estimation strategies (for example, as in Barro and Sala-I-Martin, 1995 or Benhabib and
Spiegel, 1993). In this thesis attention is restricted to those issues explored in labour
economics but it is worth bearing in mind that human capital formation is also important

for growth.
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For labour economics, research has focussed primarily on the problems of establishing
precise estmates of the actual return to education. This has been investigated in terms of
the direct returns for the individual (for example, Card, 1994, Neumark, 1994, or Blundell
et al. 1997) or indirectly through returns to the public expenditure of resources in the
education system. (See, for example, Angrist et al., 1991, Betts, 1995, or Dearden et al.,
1997.) Individual heterogeneity of ability or of marginal costs of education expenditures
lead to the possibility of externalities and inequalities that might be alleviated by state
education expenditures but it has been a problem to show that investment in educational
quality shows genuine economic returns.

Another problem has been the relationship between schooling and ability, both
possible forms of human capital. For example, it is common to note that omission of
ability measures causes a bias in estimation of returns to schooling. Schooling, moreover,
is likely to be an endogenous choice variable but ability might be an argument in the
choice equation. Furthermore, in terms of the development of the child, ability is not
fundamentally separable from schooling. Even taken at seven years or earlier,
observations of ability will be influenced by prior investments of schooling. Despite
recent advances, therefore, it is still important to deepen understanding of the nature of
human capital.

This thesis contributes to this research in a number of ways. The four papers
consider the questions of how formal and informal institutions such as the family, peer
groups and schools make a difference to the abilities of children, how much stability there
is in the individual development of children over time and how diverse abilities influence
labour market outcomes. The emphasis here is on differences between groups in society
in the formation of human capital, leading to educational and hence economic inequality.

All four papers make use of the National Child Development Survey (NCDS) and
British Cohort Study (BCS), the two main UK longitudinal data sets, also known more
descriptively as the 1958 and 1970 cohorts, respectively. The earlier set of data is based
on an initial survey of all children born in the UK between March 3-9, 1958. Further
sweeps were carried out when the children were 7, 11, 16, 21 and 31, giving information
on the academic attainment of those children who remain in the survey as well as
substantial medical, sociological, psychological and institutional information. This is
drawn from questionnaires and/or interviews with sample children, parents, teachers,

doctors and health visitors. The later data set is a study of all British children born in the
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week from the 5" to the 11" of April, 1970 and surveyed again when the children were 5,
10, 16, 21 and 26. Again, the cross-sectional information is substantial.

Economists have applied theoretical models to shed light on the complex set of
factors that influence the attainment of children, as an indicator of human capital. The
centre-piece of this theoretical apparatus is the education production function, a structural
model of inputs and outputs. This is the method applied in Chapter 2 of this thesis, written
with James Symons and Donald Robertson, which considers the contribution of pre-
school care to the academic attainments of children. In a modern society with a large
number of mothers in employment, it is importantA to consider the extent to which pre-
school institutions can improve on or substitute for the learning that would otherwise be
provided by mothers. This learning, of course, may be in the form of actual educational
experiences that contribute directly to academic attainment or be a development from
positive parent-child interactions that enable the child to learn subsequent academic skills.

In Chapter 2, a model of time allocation is applied so as to tackle the endogeneity
that results from the simulteneity of mother’s labour force and pre-school participation
decisions. The empirical results are, therefore, an advance on previous research, described
in Chapter 2, which has tended to consider only the association of pre-school participation
and subsequent attainments without considering how parents who choose to send their
children to pre-school might also be offering other kinds of advantages or dis-advantages.

The concern with early childhood as a vital period in the formation of human
capital is also the motivation for Chapter 3 which considers the extent to which very early
scores have forecasting power for later scores and for adult outcomes. Educational
inequality appears to begin very early in Great Britain. Chapter 3 also includes an
examination of the relative contribution of material, attitudinal and school-based inputs to
the production of educational inequality at different ages. Given the part education is now
expected to play it is important for economists to consider the role of economic and other
factors in causing these early developmental inequalities and influencing later economic
outcomes. If it is primarily material differences that dominate then there is clear support
for policies that redistribute wealth to families, particularly families in persistent poverty.
If, rather, it is parenting skills that have the greatest effects then there is an economic
rationale for interventions that support and develop parenting, perhaps alongside
measures to confront the material aspects of poverty. Given its importance within
economics, it is, perhaps, also important for economists to be more conscious of the

complexities of the process of human capital production at early ages.
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Chapter 4, written jointly with James Symons, again applies an education
production function, in this case to age 16 outcomes. In principle, the education
production function should contain as an explanator the full history of parental
involvement with the child as well measures of the efficacy of such time. In practice, such
detailed information is not measured but crudely proxied by such variables as parental
education and social class. Whereas these measures are usually found to be important, it
is not clear what can be deduced from this. For example educated and otherwise
successful parents could foster attainment because they have more financial resources to
devote to their children, or because they have high marginal products in the relevant
child-raising activities, or because they belong to a culture which values attainment.
Chapter 4 finds that the attitudes of parents to education, as assessed by teachers, are the
primary input to the educational attainments of children. Again, these may proxy a
number of different underlying inputs, discussed in the text but, crucially, the variable
provides a more accurate proxy than standard measures of social class such as father’s
ocupational category or parental education. This finding supports an emphasis on the role
of parents in human capital formation.

In labour economics, ability as a measure of human capital is generally assessed
by performance in tests of academic attainment. Brighter children are commonly
predicted to earn more than others, presumably because of higher productivity. This can
be thought of as a return to human capital in an investment sense to the extent that
academic ability is generated by the economic inputs of parents, teachers and so on.
However, parents and others also devote resources of care, time and effort into child
development in order to foster other kinds of abilities and attributes that might also (either
co-incidentally or instrumentally) receive reward in the labour market. This is the issue
explored in Chapter 5 of the thesis. If other attributes such as good peer relations or
sociability are also associated with wage premia then there is the possibility of extending
the notion of human capital to encompass these and other features of personality. This
would also suggest that economists might pay attention to the formation of such attributes
and the possible returns to expenditures that support them, perhaps in competition with
resources that would otherwise be devoted to academic ability. Having established that
these other features of personality are important, Chapter 5 also examines the contribution
of material, attitudinal and schooling variables to the formation of these aspects of non-

academic ability and considers their correlation with academic ability.
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Overall, this thesis considers the production of human capital at different stages of
childhood, following two cohorts of children from birth and seeing how different aspects
of upbringing influence their academic and other abilities and how these then lead on to
further attainments or inequalities. The themes of each chapter are clearly linked but each
is written to be self-contained. Thus, the first chapter considers early childhood and uses
regression analysis to show the importance of different aspects of background in
influencing the academic attainments of children. Similar methods are repeated in later
chapters as subsequent chapters show the cumulative nature of dis-advantage, later
problems compounding earlier ones as children develop a view of their abilities, of the
world and of their place within it. This developmental process is shown to have economic

implications as well as being influenced by pre-existing economic arrangements.
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Chapter 2. Pre-school Education and Attainment in the NCDS and
BCS

2.1 Introduction

For parents, issues of the quality and effects of pre-school education are especially
pertinent since pre-school age children are particularly vulnerable. The issue is also
receiving more attention from economists now that it is common for both parents to be
working. The availability of child-care is an important aspect of mothers’ labour force
participation decisions. This chapter attempts to evaluate the effects of pre-school on
children’s subsequent attainment and social adjustment.

The belief in the value of pre-school education was supported in 1986 by the
influential study of Schweinhart et al. (1986) who investigated pre-school systems for
children in Ypsilanti, Michigan considered to be at risk of failing at school. They
randomly selected a group of children to receive pre-school education, finding that the
average Stanford-Binet IQ of the treatment sample rose by 27 points during the first year.
The control group average IQ rose by only 4 points. By age seven the average IQ of the
treatment sample had stabilised at between 90 and 100 compared to between 85 and 90
for the control group. (The low averages reflect the deliberate bias in the overall sample.)
Similarly, Andersson (1992) considered a sample of 128 children attending day nurseries
in Gothenburg, Sweden and found they had better results in school examinations than
non-participants.

Osborn and Milbank (1987) use longitudinal data from the 1970 Cohort Study
(BCS). In 1975 a matching study of all national pre-school institutions was carried out
with sample sizes of over 6000 for all of the nine attainment tests. Osborn and Milbank,
therefore, provide an important non-experimental consideration of the impact of pre-
school provision. The authors find considerable diversity of types of provision.
Playgroups tend to be informally organised by parent helpers and seem to be intended to
meet the largely middle-class demand for social interaction between children. Local
Authority day schools are intended for children whose families have come to the attention
of Social Services Departments and provide all-day supervision of children who would
otherwise be unsatisfactorily cared for. Local Authority and private nursery schools
provide pre-school care, usually for about four hours per day. Attendance duration and the

physical environment also differ between and within types of pre-school.
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Osborn and Milbank control for social class, family size, neighborhood, gender,
mother’s age, mental state and empl‘oyment, type of family, ethnic origin and the presence
of handicaps. For improvements in attainment between five and ten years of age, changes
in family size and structure were considered, as was interest in the child’s education. They
find large and significant benefits of pre-school experience on most of their attainment
measures at five and ten years. An average deviation from mean attainment equivalent to
one-third of a standard deviation was predicted if the child was in some form of pre-
school care.

Although Osborn and Milbank control for social class and parental interest, it is
possible that pre-school attendance was to some extent a measure of unobserved parental
influences. Osborn and Milbank interpret the high playgroup parameter as a causal effect:
playgroups were smaller on average than other forms of pre-school provision and had
better peer groups. An alternative explanation is that the playgroup variable picked up
effects of class or parental interest more accurately than the class and interest variables
themselves. Osborn and Milbank reject such an explanation as implausible and conclude
that the benefits of pre-school experience are not explained away by parental interest.
They conclude also that the benefits are greatest when the child’s own mother is involved
in the pre-school institution. However, although they consider mother’s labour force
status as an independent variable, they do not allow for any interaction between mother’s
labour force status and pre-school participation. The advantages of pre-school surely
differ between children of working and non-working women. Moreover, since mother’s
labour force status and pre-school participation are both choice variables, endogeneity
bias might be expected. There are reasons, therefore, to look again at the BCS data. We
shall also consider pre-school effects in the earlier National Child Development Study
(NCDS: 1958 cohort).

One of the notable findings of the Schweinhart study was that different curricula
in pre-school seem to have different effects. Some children were assigned to the
High/Scope pedagogical model in which both child and teacher plan and initiate activities,
in contrast to the Distar model where the teacher initiates activities and the child responds
to them. The High/Scope group showed better family relations, higher expectations of
educational attainment and better personal communication skills than those who were
assigned to the Distar model. The Distar group engaged in five times as many acts of
property violence as the High/Scope group. Interest in the High/Scope model of open

learning follows from Berrueta-Clement (1984) who studied 126 children from
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disadvantaged backgrounds in the US, of whom half were randomly assigned to the
High/Scope program. By age nineteen, the control group were more likely to have been
arrested and achieved lower results on attainment tests. The girls were more likely to
experience teenage pregnancy. The group who participated in the pre-school were more
likely to have jobs and to have completed school. More generally, Howe (1990) studied
80 children receiving different qualities of pre-school education in the US. Children
attending high quality nurseries with low children-staff ratios and well-trained staff did
significantly better in later attainment assessments than those in low quality nurseries.
These findings suggest that quality and type of pre-school care may be important.
Although these are interesting issues, they are beyond the scope of this study. Our sample,
however, is much more representative of the average quality of pre-school care than the
closely monitored experimental sample of the Schweinhart study.

We develop a model of pre-school choice, described in section 2.2, based on the
allocation of maternal time that allows us to handle the endogeneity bias and consider the
effects of participation at different types of pre-school. We focus on time with mothers
because, for the vast majority of children, it is still mothers who take primary
responsibility for day-time child-care. Section 2.3 discusses the results. The final section

concludes.

2.2 A Model of Pre-school Education

Economic studies of attainment in schools are usually based on the theoretical
concept of the education production function in which the output (attainment) is
considered to be determined by a number of inputs, typically including the innate
endowments of children and family background variables. The best-known early study of
this kind is probably "Equality of Educational Opportunity" or "The Coleman Report" of
James Coleman et al. (1966). Another important example is Hanushek (1992). We adopt
this approach.

There are many different forms of pre-school provision. One approach to
estimating their different effects would be to construct dummy variables for each kind of
provision and to investigate the relationship between these and attainment. A
complication arises because, as stated above, the marginal effect of an hour spent in a
form of pre-school will vary according to the mother’s labour force status. For example,

nurseries may well foster attainment for children whose mothers are working but not,
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relatively, for children whose mothers are at home. Therefore, the dummy variable
approach needs to be augmented by interaction terms between pre-school type and
mother’s labour force status. Unfortunately, this leads to a massive inflation of variables,
all of which are potentially endogenous. The BCS identifies 11 different types of pre-
school provision, implying 23 endogenous variables to be estimated in the dummy
variable approach. Clearly, therefore, some simplifying assumptions are required. One
such is that all forms of pre-school provision have the same effects regardless of duration
of exposure. This model is tested below. We shall assume, instead, that hours spent in any

form of pre-school are equivalent, so that a child’s attainment at seven depends upon:
P hours during the day spent with mother (time with mother)
hy, hours during the day spent in pre-school (time in pre-school)
h, hours neither with mother nor in pre-school (other, informal care)
and is given by
(D a = aphpy + aphp + agh,

where the a; are fixed parameters (marginal products). There are three constraints:

2) 1 =hy+h,+h, (child’s time);

3) l=hp+n+l (mother’s time),
where n is mother’s market labour supply and [ is leisure; and
(C)) y + W = ¢ + hypp + hopo
where y is father’s income, wy, is the mother’s wage, c is household consumption
and p, and p, are the prices of pre-school and other, informal care respectively. The
household’s static optimisation problem is captured by a utility function,
&) u=u(,l, a)
which is maximised by choice of Ay, hy, h,, [ and c. We obtain in particular,
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(6) him = h(y, W, Pps Po) and hp = hp(y, Wm, Pp» po)-

We are primarily interested in equation (1). Substitute from (2) to obtain

(M a=a,+(am- a)hm + (am- a)hy

Thus, if (7) is estimated, positive parameters on h,, and A, indicate that mothers’
time and pre-school time are more beneficial than other forms of child-minding, while the
relative magnitude of the two parameters allows a comparison of the effects of time with
mother and time at the pre-school.

We shall attempt to estimate a version of (7). Our coding of the hours variables is
explained in the Data Appendix to this chapter. Leibowitz (1974) models a process in
which parental abilities and education effect children’s attainment via home production
involving the input of goods and time, and also via heredity and family income. This
builds on the Becker framework of home production of child quality developed in Becker
and Tomes (1986, 1979) and Becker (1981). The econometric difficulty with this basic
framework is the endogeneity of key components of home production, namely maternal
employment, income, family size and family structure. Here, we treat family size, family
structure and social class as exogenous and concentrate on the endogeneity of the hours
variables. One usefulness of the formal model is that it allows assessment of the
appropriateness of potential instruments. Thus the equations (6) suggest instruments for
hm and hy: the right-hand side variables. We shall not use father’s income y or mother’s
wage wp, as instruments because, problems of availability aside, these may be legitimate
explanators of attainment in their own right. First it is possible that the parameter a,,
depends on the same factors that determine the mother’s wage: those women who are
skilled in market work may tend to be skilled also in providing inputs to child attainment.
Moreover, whereas equation (7) measures only the increment to attainment derived from
activities during the day, the quality of both parents is presumably important in fostering
attainment at other times. The prices of child care, p, and p, , are left as candidate
instruments. These prices should reflect the true cost of child care including factors over
and above the direct monetary cost, in particular, availability of child care. These costs are
likely to vary between regions, suggesting that regional dummies may be used as

instruments.
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We prefer this hours model to the dummy variable model because it reduces the
number of endogenous variables. The former is in fact a restriction of the latter since the
hours variables can be constructed as linear combinations of the dummy variables and
interaction terms. This will allow a test of the hours model against the more general
dummy variable approach which tends to produce extremely imprecisely estimated
parameters. Thus, although, a disadvantage of the hours model is that it implicitly

assumes all forms of provision are the same, per hour, we are able to test this assumption.

2.2.1 Variables
The NCDS gives tests of children’s ability in reading and mathematics at age

seven, eleven and sixteen. It also provides measures of social adjustment. The BCS
provides tests of ability at five and ten years. At age five, tests are given of picture
copying, vocabulary and social development. The first two tests are considered to be good
measures of cognitive development (Osborn et al., 1984). At age ten, as with the NCDS,
we have measures of mathematics, reading and social development. These variables are
discussed in more detail in the Data Appendix. All test variables are transformed to range
between 0 and 100, multiplying by 100 divided by the maximum possible score, to ease
the interpretation of relative parameter estimates and to make models more comparable.
The information from which we derive the hours variables is different in the two
data sets. In particular, the BCS data allow us to specify allocation of time in the pre-
school years more precisely. We consider pre-school attendance for children between the
ages of three and a half and four and a half, i.e. in the year prior to possible school entry in
October 1975 when the children were four and a half years old. In the NCDS we simply
consider reported pre-school attendance at any age. Another difference is that the BCS
questionnaire considers eleven different types of pre-school whereas the NCDS identifies
only five. Some children attended school before the autumn term of their fifth year. This
time is included as pre-school hours but we include a dummy variable to control for the
fact that this is early school entry rather than standard pre-school provision. Because the
pre-school attendance information is more detailed in the BCS and more recent, we tend
to regard BCS results as more reliable. Overall, 72% of BCS children attended some
form of pre-school provision, excluding those who started school early. In the NCDS,
only 20% of children attended one of the four forms of identified pre-school (which
include playgroups). Limiting pre-school participation in the BCS to those categories

identified in the NCDS, the participation rate was 60%. (These variables are described in
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more detail in the Data Appendix to this chapter.) It is important to note that between
1961 when the NCDS children were three years old and 1973 when the BCS children
were three years old, there had been a vast increase in the provision of pre-school care,
particularly in the form of playgroups. About 4% of NCDS children attended playgroups
compared to 46% of BCS children. If we exclude playgroups the participation rate in the
BCS falls from 72% to 48%. Thus, even excluding playgroups, there has been a three-fold
increase in the participation rate between the two surveys.

We also observe some change in the background of pre-school participants. See

Table 2.1.

Table 2.1: Family background of pre-school-participants in the NCDS and BCS

BCS NCDS
Farticipants Population | Participants  Population
with playgroups  w/o playgroups

Mother stayed on 0.41 0.37 0.35 0.35 0.25
Father stayed on 0.39 0.35 0.34 0.32 0.23
Top SES father 0.29 0.26 0.25 0.28 0.20
Middle SES father 0.51 0.50 0.53 0.51 0.55
Mother works 0.24 0.28 0.24 0.28 0.19

Note: Cells give the proportion of children with backgrounds as described.

In absolute terms, the proportion of children participating in pre-school (including
playgroups) who had educated parents or parents from high occupational categories
increased between the two surveys. However, the proportion of children in the population
as a whole from these backgrounds grew more rapidly so that, in relative terms, the intake
of pre-schools became broader. Excluding playgroups, the relative decline in pre-school
peer groups is greater still. Table 2.1 also shows that the relative use of pre-schools as
formal care for children of working mothers declined between the two data sets.

In Tables 2.2-2.5, below, we loosely group our explanators into five main classes
(see Haveman and Wolfe, 1995, for a recent overview of the relative importance of these
in other studies). Firstly we have “Child’s time during day”, our versions of h,, and h,
from (7). Second is “Parent quality”: these variables are assumed to measure variation in
the quality of time parents devote to children. The third category contains proxies for the
available quantity of parental time. The fourth category consists of measures of school
quality: in the NCDS the children had been in school for about two years at the time of
these tests so it is important to control for this experience. In the BCS we exclude those

children who were not in school by the time of the interview. A dummy variable is
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included for Scottish children because their school system differs in a number of respects
from the English. The final category contains measures of the child’s development prior
to pre-school age, as well as height at five or seven, to capture exogenous developmental
factors and ethnic group to capture variations in language acquisition. We also control for
the child’s gender. Tables A2.3 and A2.4 in the Appendix to this chapter give summary

statistics for all the independent variables used.

2.3 Results

We treat h, and h,, as endogenous, instrumented by dummy variables for location,
188 Local Authority areas at birth in the NCDS; eleven regions of birth and 123 Local
Education Authority areas at age ten in the BCS. Robertson and Symons (1996) and
Chapter 4, below, contain extensive discussion of the endogeneity issue as well as the
appropriateness of using geographical indicators as instruments. In the NCDS the Sargan
tests of instrument orthogonality for mathematics at seven and mathematics and reading at
eleven were significant at the 1% level so on this basis the full set of proposed
instruments is invalid. However the adjusted R?s for the regressions of residuals on
instruments were very low: 0.01, 0.02 and 0.02 respectively. Thus residuals and
instruments are approximately orthogonal, even if they are not so statistically in tests of
conventional size. Nevertheless we have sought to rid our instrument set of those most
strongly correlated with equation error by casting out all instruments with t-statistics
greater than 2.0 (in absolute value) in the second-stage regression of the residuals on the
instruments, and re-estimating with the smaller instrument set. The estimates presented in
Tables 2.2-2.5 are computed on this basis. With the instrument set filtered in this way,
Sargan tests are no longer significant at the 1% level for any of the six regressions in the
NCDS data. None of the Sargan tests in the BCS were significant at the 1% level so we
did not repeat the above exercise for the BCS.

Estimates of (7) for the NCDS sample are presented in Table 2.2 for the three
measures of attainment at seven years: mathematics score, reading score and social

adjustment.
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Table 2.2: IV estimates of effects on children’s attainment at 7 in the NCDS

Maths Reading Social

score score  adjustment

Pre-school time  Hours at pre-school * 25.8 (2.7) 3.2(0.5) -1.6 (0.2)
during day Hours with mother * 19.2 (2.6) 6.7 (1.4) -0.8 (0.1)
Parent quality Top SES father 0.8 (0.8) 2537 1.4 (1.3)
Middle SES father -0.6 (0.1) 1.1(2.3) 2.4 (3.2)

Mother stayed on 3.34.8) 3.3(7.0) -0.0 (0.0)

Father stayed on 1.9 (2.6) 4.0(1.7) 2.3(2.9)

Mother’s age -0.1 (1.7) 0.1 (1.7) 0.0 (0.5)

Parent time Mother working currently * 1.4 (0.3) 47 (1.3) -7.0(1.2)
Number of older children 0.3(1.0) -1.5(8.2) -0.7.(2.4)

Number of younger children -0.5(1.0) -0.4 (1.3) -1.1.(2.3)

Mother’s interest in education 11.9 (9.3) 12.6 (14.5) 12.4 (9.1)

Father’s interest in education 5.34.0) 8.19.0) 10.5 (7.3)

No mother present 28.5(1.1) 12.3(0.7) 15.3 (0.6)

No father present 8.2(1.8) 4.1(1.3) 3.6 (0.7)

Father plays a part in upbringing 1.5 (1.6) 2.1(3.5) 2.8 (2.9)

School Peer group at 7 years 2.6(1.9) 3.3(3.4) -1.9(1.3)
variables Independent school 6.1 (3.3) 1.1 (0.9) 0.3 (0.1)
Scottish -3.0(3.7) 4.7 (8.5) 0.7 (0.8)

Other controls Incontinent at 3 years -7.3(5.2) -6.6 (6.8) -10.4 (6.8)
Talks at 2 years 6.2 (5.4) 6.7 (8.5) 4.0(3.2)

Height at 7 years (inches) 0.6 (5.6) 0.5(5.9) -0.2 (1.4)

Child started school early * -6.2 (0.7) 2.5(0.4) 3.7 (0.4)

English not first language -13.3 (4.4) -14.6 (6.9) -6.6 (2.0)

Female -2.5@.7) 4.8 (13.1) 7.1(12.1)

Constant -9.7 (1.1) -0.5 (0.1) 33.7 (3.6)

Standard error 23.7 16.2 25.7
R-squared 8.0 29.5 12.2
No. of obs. 8179 8143 8179

Notes. Absolute t-stats in brackets. Variables marked * are treated as endogenous and instrumented
by dummy variables for 188 UK Local Authorities. Hours are measured in units of eight so that, for
example, the parameter on ‘hours with mother’ measures the effect of a pre-school child being cared
for entirely by its mother. All variables except family size, mother’s age and child’s height, range
between zero and one (including the hours variables). The mother’s current labour force status
variable takes a value of 0.5 for part-time work and 1 for full-time work. (Experiments have
supported this restriction). The peer group measure used here is the proportion of children in the
class with fathers in professional or managerial occupations.

With regard to child’s time during the day, the strongest results are for

mathematics performance. Both time with mother and time at pre-school have large

positive effects which are significant at the 1% level. For reading and social development

there is no apparent strong effect of time distribution. To interpret these results, recall that

the parameters measure effectiveness relative to the child being neither in pre-school

school nor with mother: typically this means that the mother is working and the child is

not placed in a pre-school, i.e. it is cared for by neighbours, other family members etc.

Thus, there is strong evidence that time in pre-school is an effective substitute for time
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with mother in the development of maths and little evidence that other attainments are
changed for better or worse by the form of pre-school placement.

With regard to parent quality both higher social class and education are beneficial
for reading but parental education is more important than the occupational social class
variable. For maths only parental education is important. Social adjustment appears to
depend on the education of the father but not of the mother.

Parent time is measured by the mother’s current labour force status, the number of
children in the family, by teachers’ assessments of the interest taken by parents in the
child’s education, by whether or not the mother believes the father takes an active role in
raising the child, and by the presence in the family of either parent. The presence of
siblings reduces social adjustment but the effect of family size on reading and maths score
is not as strong as in Robertson and Symons (1996). In fact, this is true for the ‘parent
quality’ measures as well. The reason for this seems to be the inclusion of parental
interest. The importance of parental interest is discussed in considerably more detail in
Chapter 4. Mother’s and father’s interest are highly significant and, moreover, the
associated parameters indicate qualitatively stronger effects than the other parental
variables. For example, the net effect on reading of having parents in the highest SES
group who both stayed on at school is 9.8 points which is of the same order as the effect
of either parent showing maximum interest. Children of parents who are both very
interested in their child’s education do about 20% better than children whose parents
show no interest. Attainment is particularly enhanced by fathers who are interested and
involved in their child’s development. The absence of either parent is never significantly
negative: in fact the fitted parameters are always positive, though imprecisely measured. It
seems likely that this is due to interaction with the parental interest variables. When
parents are absent, that parental interest variable is set to zero. The positive parameters
thus indicate that the effect of an absent parent is not as deleterious as the presence of a
parent with zero interest.

Turning to the school variables, note that the quality of the peer group has a
modest, positive effect on mathematics and reading measures. Robertson and Symons
(1996) find that this variable is particularly important for increases in attainment between
seven and eleven. Children in independent schools do better only at mathematics. Scots
are somewhat better at reading, somewhat worse at maths at seven.

We include two measures of early development (talking and incontinence) as well

as height at seven. Our aim here is to control for exogenous developmental factors. All
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three are very strong. Note that girls, on average, are better adjusted socially, have better
reading scores and are worse at maths. Given that the form of the human capital
production function might differ between the sexes we also ran the regression of (7) for
boys and girls separately but there were no important differences between them at seven
in terms of the effect of the hours variables. We considered similarly a low human capital
sub-group consisting of children neither of whose parents stayed on at school after the
minimum school leaving age and a low socio-economic sub-group. There is some slight
suggestion that these two sub-groups benefit less than average both for hours in pre-
school and hours with mother.

Table 2.3 gives the results of similar regressions at five years in the BCS for

-copying, vocabulary and social adjustmentl. Concentrating on the hours variables, we see
that in the BCS the effects of pre-school participation are much more ambiguous than in
the NCDS. For copying, the results are similar to the NCDS: both hours at pre-school and
hours with mother are beneficial. However children attending pre-school seem to emerge
with considerably reduced vocabulary and marginally worse social adjustment. This
would appear to suggest that children’s language abilities and social adjustment are
improved by time spent with adults rather than with other children in a pre-school setting.
That said, we also find that the copying score is a better predictor of later performance
than vocabulary, both for maths and reading (see Table 2.5). Note that the NCDS and the
BCS are at variance here. In the NCDS, pre-school children receive positive (though
insignificant) benefits at seven in reading, whereas our results show they fare quite badly
in vocabulary at five in the BCS.

Generally, the pattern of effects of the other variables in Table 2.3 is similar to that
in Table 2.2 although the parental interest variables are weaker. It should be noted that
these variables in the BCS at age five are not directly reported by teachers but constructed
from the frequency of meetings between parents and teachers as reported by mothers. It is
perhaps because this variable is less accurately measured that the other parent time

variables become more significant here than in Table 222

1 We exclude mother’s current labour force status from this model, unlike that of Table 2.2, because

controlling for pre-school hours with mother, mothers working for the past few months could have had little
effect on attainment that could be accurately ascribed to their labour force status. A current labour force status
variable would, instead, pick up the purposeful behaviour of mothers who time their entry into the labour force
and not reflect inputs to the attainment of the child, erroneous in a production function framework.

2 In Chapter 4, it is shown that parental interest drives out the effects of other parental and family variables in
attainment regressions.
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Table 2.3: 1V estimates of effects on children’s attainment at 5 in the BCS

Copying Vocabulary Social

score score adjustment

Pre-school time  Hours at pre-school * 26.7 (2.2) -42.3 (3.3) -8.1(1.3)
during day Hours with mother * 14.2 (1.4) -9.2 (0.9) -0.8 (0.2)
Parent quality Top SES father 8.3 (6.9) 7.7 (6.2) 1.7(2.9)
Middle SES father 4.6 (4.7) 33(@3.2) 0.3 (0.6)

Father stayed on 4.1(5.1) 24 2.9) 1.0 (2.6)

Mother stayed on 4.1(5.2) 3.74.5) 1.8 (4.6)

Mother’s age 0.1 (1.0) 0.4 (5.3) 0.3 (6.8)

Parent time Number of older children -1.6 4.3) -20(0.2) -0.3.(1.8)
Number of younger children -3.1 (4.0) -3.0.(3.7) -1.0.(2.7)

Mother’s interest in education 2.1(1.7) 34(2.7) -0.1 (0.2)

Father’s interest in education 2.0(1.8) 1.6 (1.4) 0.2 (0.4)

No mother present 2.5(0.2) 10.0 (0.7) 5.1(0.8)

No father present 3.5(1.9) 0.3 (0.2) -3.2(3.4)

Father plays a part in upbringing 3.2(2.5) 1.0 (0.8) -0.6 (0.9)

School Peer group at 5 years 1.4 (1.7) 1.6 (1.9) 1.0 (2.4)
variables Independent school 2.4(1.2) 0.2 (0.1) -1.5 (1.6)
Scottish -1.3(0.4) -0.3 (0.1) 1.1 (0.6)

Other controls Problems at 6 months -0.6 (0.5) 1.8 (1.4) -5.509.1)
Height at 5 years (inches) 0.9 (5.6) 0.8 (4.9) -0.1 (0.9)

Child started school before 4 1/2* -74 (2.0 -5.0(1.3) 0.6 (0.4)

English not first language -3.4(2.2) -11.2 (6.9) -0.7 (0.9)

Female -0.0 (0.0) -4.4 (6.4) 3.3(10.2)

Constant -0.5 (0.1) 27.6 (2.5) 49.3 (9.4)

Standard error 23.1 24.0 114
R-squared 8.8 10.0 8.6
No. of obs. 5198 5198 5198

Notes. Absolute t-stats in brackets. Variables marked * are treated as endogenous and instrumented

by dummy variables for 123 UK Local Education Authority areas and 11 regions. Other notes as fo
Table 2.2.

r

Finally, we note that boys score higher in vocabulary than girls. When we estimate

the model separately for boys and girls we find that gains in copying from pre-school

hours are less for boys (3.6 with a t-statistic of 0.2) than for girls (20.7; 1.5). We also find

than pre-school hours significantly worsen social adjustment for boys (-19.9; 2.5) but
have negligible effect for girls (-0.1; 0.0). Moreover, for boys we find that hours with

mother also significantly worsen social adjustment (-13.6; 2.2), implying that the social

adjustment of boys at 5 is better for time spent in informal care. This is, perhaps, evidence

for a socialising effect of time spent with adults. Turning to the regressions for the other
sub-groups, we found that the broad pattern remains the same as for the full sample
except that for the low human capital group the negative effect of pre-school hours on

vocabulary is considerably stronger (-64.4; 4.4) as is the negative effect on social

adjustment (-23.4; 3.1). We also found the latter effect for the low SES sub-group (-17.6;

2.3).

27



Tables 2.4 and 2.5 show the effects of measured inputs at ages ten and eleven,
conditioning on earlier attainment. In the NCDS initial attainment is the score in the
corresponding subject at seven, whereas for maths and reading in the BCS it is
represented by the copying and vocabulary scores at five, presented in Table 2.3. We
observe again that the parental education variables are the important parent quality
variables for reading and maths in both the BCS and NCDS, in addition to the effects
coming through earlier attainment. Mother’s labour force status is not important for either
subject in either data set. Family size, particularly the number of older children, is
important in the NCDS although it is not in the BCS. Parental interest is very important in
both data sets.

In the NCDS, 32% of children were in streamed classes in primary school at age
eleven (in 1969) as opposed to only 9% of the BCS sample at age ten (in 1980). However,
44% of the BCS were in streamed groups for maths and 40% for reading. This subject
streaming is not reported in the NCDS. For the NCDS, we include a dummy variable for
streamed classes together with-dummies for high and low streams, the middle stream
being the default group. In the BCS, these stream variables refer to subject-specific
classes. To deal with the endogeneity of selection into a stream, these three school
variables are instrumented by earlier parental interest and earlier teachers’ assessments.
We find that the disbenefit of being in a low stream is strongly apparent in both data sets
but only in the NCDS is there a strong and significant gain from being in a high stream,

particularly for mathematics.
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Table 2.4: IV estimates of effects on children’s attainment at 11 in the NCDS

Maths Reading Social
score score adjustment
Attainmentat7  Maths * 0.67 (19.7)
Reading * 0.48 (22.0)
Social adjustment * 0.41 (10.5)
Pre-school time ~ Hours at pre-school * -3.3(04) 7.4 (1.6) 1.2 (0.1)
during day Hours with mother * 1.6 (0.2) 4.1(1.1) 5.8 (0.7)
Parent quality Top SES father 3.3(.5) 1.32.2) 0.7 (0.5)
Middle SES father 1.0 (1.6) 0.4 (1.0) 0.4 (0.5)
Mother stayed on 254.1) 1.5 (4.0) 0.3 (0.4)
Father stayed on 3.2(4.8) 1.7 4.1) -0.6 (0.7)
Mother’s age 0.1(2.1) 0.3(7.1) 0.1 (0.6)
Parent time Mother working currently * -2.3(0.6) 1.4 (0.6) 1.4 (0.3)
Mother working when child was 7 * -3.8 (0.7) 1.4 (0.4) 0.1 (0.0)
Number of older children -1.1 (4.6) -1.0(6.9) -0.6.(1.8)
Number of younger children -0.9 (2.2) -0.3.(1.3) -0.6.(1.1)
Mother’s interest in education 55@3.1) 2.8 (2.6) 19.7 (8.9)
Father’s interest in education 6.0 (3.3) 4.8 (4.3) 10.3 (4.6)
No mother present 2.7 (0.7) -1.5 (0.6) 10.8 (2.2)
No father present 3.6 (1.8) 3.8 (3.0) 6.3 (2.4)
Father plays a part in upbringing 1.0 (1.2) 0.9 (1.8) 0.5 (0.5)
School Streamed school * 0.1 (0.0) 1.0 (0.4) -3.4 (0.6)
variables High stream * 29.9 (4.9) 8.5(2.2) 6.6 (0.9)
Low stream * -20.1 (3.0) -9.3(2.2) -7.8 (0.9)
Peer group 14.7 (8.1) 8.2(7.4) 5.02.2)
Independent school -4.8 (2.8) -0.9 (0.9) -0.9 (0.4)
Scottish 6.1 (6.9) -1.6 (3.1) 0.7 (0.6)
Other controls Incontinent at-3 years -0.2 (0.2) -1.0(1.2) -1.3(0.8)
Talks at 2 years -0.5 (0.5) 1.6 (2.6) 0.4 (0.3)
Height at 7 years (inches) 0.2(1.8) 0.3(4.5) 0.1(1.0)
Child started school early * -12.4 (1.7) -10.1 2.2) -6.9 (0.8)
English not first language 4.9 (1.8) -0.3 (0.2) -2.2 (0.6)
Female -1.1 (2.1) -3.2(10.5) 5.001.7)
Constant -19.3 (2.2) -15.3 (2.9) 6.6 (0.6)
Standard error 20.3 12.5 26.1
R-squared 36.8 494 18.7
No. of obs. 7516 7509 7496

Notes as Table 2.2. In addition to control for measurement error, the lagged dependent variable is
instrumented by teachers assessments at 7.
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Table 2.5: 1V estimates of effects on children’s attainment at 10 in the BCS

Maths Reading Social
score score adjustment
Attainmentat5  Copying * 0.17 (4.8) 0.27 (6.9)
Vocabulary * 0.13 (2.9) 0.16 (3.2)
Social adjustment * 0.21 2.1)
Pre-school time  Hours at pre-school * 1.5(0.2) -16.9 (1.9) -1.0(0.1)
during day Hours with mother * 11.1 (1.5) -7.9 (0.9) 2.0 (0.3)
Parent quality Top SES father 1.1(1.4) 1.1(1.2) -0.7 (0.9)
Middle SES father -0.2 (0.3) 0.1(0.1) 0.3 (04)
Mother stayed on 2.7 (4.6) 2.4 (3.4) -0.5 (0.7)
Father stayed on 1.5 (2.5) 2.2(3.2) 1.1 (1.8)
Mother’s age 0.1 (1.3) 0.1(1.3) 0.1(2.0)
Parent time Mother working currently * 2.6 (0.7) 6.6 (1.6) 9.2 (2.4)
Mother working when child was 5 * 4.9 (1.1) -3.0(0.6) -5.2(1.1)
Number of older children -0.3(1.0) -0.5(1.4) -0.3.(0.9)
Number of younger children 0.6 (1.3) 0.5 (1.0) 0.2.(0.4)
Mother’s interest in education 72@3.1) 10.5 (3.8) 0.0 (0.0)
Father’s interest in education 0.3 (0.1) 5.4.0) 9.3 (3.9)
No mother present 0.0 (0.0) 0.4 (0.1) 3.3(0.9)
No father present 1.3 (1.3) 1.7 (1.4) -0.4 (0.4)
Father plays a part in upbringing -1.3(1.3) -2.5(2.2) 1.1 (1.1)
School Streamed school * -0.4 (0.2) 1.6 (0.6) 1.5 (0.7)
variables High stream * 2.7 (0.8) 4.9(1.2) -4.7 (1.3)
Low stream * -15.7 (4.5) -16.2 (3.6) -5.8 (1.6)
High peer group 10.1 (3.6) 47(1.4) 1.7 (0.6)
Low peer group -29.4 (1.7) -31.9(7.1) -2.9 (0.8)
Independent school 3.4 (2.1) 3.3(1.7) 0.9 (0.5)
Scottish 0.8 (0.3) 3.6 (1.3) 2.8 (1.1)
Other controls Problems at 6 months 0.4 (0.4) 2.8 (2.6) 0.8 (0.7)
Height at 5 years (inches) 0.1 (0.6) 0.3 (1.8) 0.2(1.2)
Child started school before 4 1/2 * 3.1(1.2) 3.0(1.0) 4.0(1.5)
English not first language 1.2(1.0) 0.3 (0.2) -1.3(1.1)
Female -1.9(3.9) 3.0(4.6) 1.8 (3.0)
Constant 25.1 2.7) 16.9 (1.5) 32.9(3.2)
Standard error 13.2 153 135
R-squared 36.0 394 1.3
No. of obs. 3568 3227 3245

Notes as Table 2.3. As in Table 2.4, the lagged dependent variable is instrumented by other picture
copying scores at 5. We have used two peer group measures: The high peer group is the proportion of
children in the class that the teacher rated as of high academic standard;. the low peer group is the
proportion of low academic standard.

The direct peer group measure is important in both data sets. In the NCDS this

variable is measured as the proportion of the class with fathers in professional or

managerial occupations. There are very large and significant gains from being in a class

with a high proportion of such parents. This accords with the findings in Robertson and

Symons (1996) for the NCDS. For the BCS we include two peer group measures:

teachers’ assessments of the proportion of the class of low academic standard and the

proportion of high academic standard. Interestingly, the dis-advantages of having non-
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academic class-mates clearly outweigh the advantages of having bright class-mates.
Ceteris paribus, moving from a class where all students are of average standard to one
where all are of low academic standard will reduce a child’s maths score by 29.4 points,
even though we are conditioning for being in a low stream. The effect of moving from an
average to a bright group is only 10.1 points. This effect is small relative to the low
quality peer group effect but still larger, for example, than the gain from having parents
who are interested in education. We notice that in the NCDS girls lose their advantage
over boys in reading between seven and eleven but boys retain their advantage in maths.
In the BCS, girls are now better at reading at ten, taking into account initial scores, but
still worse at maths. Over the period of time between the NCDS and BCS, girls have
substantially improved their academic position relative to boys.

Table 2.6 shows the overall effects of time distribution on mathematics and
reading scores, factoring in the initial effects (Tables 2.2 and 2.3) through the lagged

dependent variable.

Table 2.6: Estimates of total effects of pre-school time allocation on children’s
attainment at 11 in the NCDS and at 10 in the BCS

Maths Reading
score score

NCDS (age 11)
time in pre-school 14.0 (1.8) 8.9 (1.9)
time with mother 14.5 (2.2) 7.6(1.9)

BCS (age 10)

time in pre-school -2.9 (0.4) -16.9 (1.9)
time with mother 12.3(1.7) -5.5(0.6)

Note: T-statistics computed using standard errors approximated by standard error of estimates of co-
efficients on h; and h,, in Tables 2.4 and 2.5.

In the NCDS by eleven, the time a child has spent in pre-school appears to be
beneficial for both maths and reading and is roughly equivalent to time spent with mother.
It is better for the child to spend time in either of these two ways than in the default group
of informal care. However, in the BCS, children at ten are no better at maths as a result of
time in pre-school and much worse at reading than they would have been if they had been
in informal care. This appears to be a consequence of the bad effects on vocabulary at five
of time in pre-school, discussed above. It is not, however, directly caused by the large

increase in playgroup provision between the two periods. When we re-classify playgroup
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time to the category of time with mother, the negative parameter on reading does move
towards zero but remains large in magnitude. When we introduce dummy variables for
participation at playgroup or local authority nursery school, they are never significant
even at 10%. We do find that children who attended playgroups do slightly better in
reading at ten than children who attended other forms of pre-school and that children who
attended local authority nurseries do slightly worse. Although these effects are of low
significance they do suggest that the overall decline in the value of time at nursery school
between the two cohorts is unrelated to the change in composition of pre-school
placements. The decline in value of pre-school hours for later attainment in reading may
be due rather to the rapid expansion of the system and changing intake as highlighted in
Table 2.1.

We noted above that the negative effect of pre-school hours on vocabulary and
social adjustment in the BCS was considerably stronger for the low human capital sub-
group-as was the negative effect on social adjustment for the low SES sub-group. We
find that although these effects continue through until ten, they are no longer significant at
the 5% level by that age.

Good data are available in the NCDS for attainment at sixteen. When we extend
the model in Table 2.4 using the variables described in Chapter 4 we find that there are no
persistent effects of pre-school time by that age, i.e. the total effects for pre-school
attendance, equivalent to those in Table 2.6, are all trivial in magnitude at sixteen and
within one standard error of zero. We do find, however, that pre-school time with mother
increases attainment in maths at sixteen by 6.3 points which is on the border of
significance at the 5% level. Unfortunately, equivalent data for the third sweep of the BCS

are not available because of the timing of industrial action by teachers in 1986.

2.4 Robustness

2.4.1 Endogeneity and the weak instrument problem
The results presented in Tables 2.2-2.5 are estimated by two stage least squares

due to a concern about the endogeneity of a number of variables. Endogeneity of mother’s
input of time arises in Beckerian models of household production. For example, a
negative shock that increases a mother’s labour supply and so might increase pre-school
hours, might also lower attainment. Alternatively, concern for a child’s education might

increase pre-school hours leading to a positive bias on the pre-school hours estimate by
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OLS. These two examples suggest that the bias under OLS could go in either direction.
Measurement error, likely to be considerable in the hours variable, will bias parameter
estimates to zero. The fact that the parameters on pre-school hours in the copying and
vocabulary regressions in the BCS are both significantly larger in absolute value by IV,
even though the former is positive and the latter negative, suggests that measurement
error is the dominant source of bias. Alternatively, this might imply that endogeneity bias
is negative. As discussed above, the lagged dependent variables are also instrumented to
deal with measurement error and the class stream variables are instrumented because of
‘the endogeneity of selection into a stream conditioned by factors observed by schools but
not by econometricians.

In Chapter 4, Hausman tests for similar variables in attainment regressions are
performed (Hausman, 1978). These find significant endogeneity only for the lagged
dependent variables and, marginally, for the parental interest variables®. Here, we
concentrate on the time allocation. In Table 2.7 we present Hausman tests of endogeneity

for the hours variables in the first sweep of the two surveys.

Table 2.7: Comparison of OLS and IV estimates of hours variables in regressions of
children’s attainment at 7 in the NCDS and at 5 in the BCS

Variables treated as t-stat on
Exogenous Endogenous difference
Estimate Std.Error  Estimate Std. Error

Hours in NCDS

pre-school  Maths 1.8 14 25.8 9.5 25
Reading 0.2 1.0 3.2 6.1 0.5
Social adj. -4.4 1.6 -1.6 94 0.3
BCS
Copying 7.3 2.8 26.7 12.3 1.5
Vocab. -10.6 29 -42.3 12.8 2.4
Social adj. -1.8 1.4 -8.1 6.1 1.0

Hours with NCDS

mother Maths 1.5 1.0 19.2 7.3 24
Reading 1.0 0.7 6.7 1.4 3.6
Social adj. 0.7 1.1 -0.8 1.7 0.2
BCS
Copying 2.1 1.8 14.2 10.1 1.2
Vocab. 0.3 1.9 -9.2 10.5 0.9
Social adj. 1.1 0.9 -0.8 5.0 04
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The important point to note is that the two sets of estimates tell the same story: the
pattern of signs is the same by OLS as by IV. However, some of the IV estimates are
much larger in magnitude. There is ample evidence of endogeneity in that differences in
IV and OLS estimates are significant at the 5% level in four out of the twelve regressions.

However, weak instruments can give Hausman tests low power. Indeed, weak
instruments also lead to biased estimators which are not well approximated by the
asymptotic distribution in small samples. (See Staiger and Stock, 1997, and the large and
growing literature cited therein.) As a rough guide, for a single endogenous regressor, the
F-statistic for the exclusion of the over-identifying instruments in a regression of the
endogenous variable on the full instrument set, is an inverse measure of the distortion of
the asymptotic distribution of the IV estimator.” Table A2.5 in the Appendix presents F-
statistics for all endogenous variables in the 12 models considered. Typically, they are
around 2.0 for the hours variables and range from about 1.0 to 5.0 for most other
endogenous variables. These lie in Staiger and Stock’s region of unreliability and so raise
doubts about inference based on the asymptotic distribution. To gauge the extent of this
problem in the context of our models we have conducted an extensive Monte Carlo
analysis of our estimators. Briefly, the strategy was to take a set of parameters (obtained
either by 2SLS or OLS on the original data) and to compute the variance-covariance
matrix of the implicit errors in the structural equation and the errors from each of the
(first-stage) regressions of the endogenous variables on all the instruments. Residual
vectors with this covariance structure were then used to create artificial data (holding the
instruments fixed) from which artificial estimates of the parameter vector were obtained.
Summary statistics on the basis of 100 replications are reported in Table 2.8.

Looking first at the 2SLS results, note that bias is almost always significant, at
high levels.’ On occasions the bias is high relative to the standard deviation of the
estimates themselves. On the other hand, the average standard error tends to be within
10% of the standard deviation of the sample of estimates (Column V) which suggests that

reported standard errors are reliable. Kolmogorov-Smirnov tests show little departure of

3 The other variables whose endogeneity in attainment regresions was tested in Chapter 4 were the peer group,
stream, pupil-teacher ratio and the type of school (private, grammar or secondary modern). There was no
evidence of endogeneity for any of these variables.

4 It should be noted that it is not the p-value of the F-statistic that counts in this regression but its absolute
magnitude: for a given number of instruments, two estimators over data with the same population F-statistic
have identical distributions even if one has ten and the other has a million observations.

> Recall that the reported standard deviation in parentheses in Table 2.8 must be divided by 10 to give the
standard error of the bias.
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the sample of estimates from normality for any of the models.® Moreover, there appears to
be roughly Gaussian weight in the tails of the empirical distribution.” The upshot is that
the distribution of the estimates is approximately Gaussian, merely shifted from zero by
the bias. Since bias and the parameters generating the data almost always have opposite
signs, 2SLS appears biased towards zero. The same is true of OLS but with greater
magnitude. The uniformity of this result gives support to the suggestion made above that
either measurement error is the dominant form of bias or that selection bias is negative. It
indicates also that the reported t-statistics understate parameter significance in the 2SLS
regressions of Tables 2.2-2.5.

Bias by 2SLS tends to be between a quarter and a half of OLS bias. This accords
with the orders of magnitude reported by Staiger and Stock for instruments as weak as
these. The fact that 2SLS leaves a significant proportion of OLS bias is less important in
studies such as this that seek to discover directions of effect or orders of magnitude at
best. The weak instrument problem is more severe in studies such as Angrist and Krueger
(1991) which seek to estimate rates of return wherein, for example, 0‘.’12 1S importantly
different from 0.08. In terms of root mean square error sometimes 2SLS is better,

sometimes OLS. As one might expect, OLS is worse when it is importantly biased.

® To conduct these tests of the null of normality we used the computed variance-covariance matrix of the
100 vectors of estimates to convert the estimates into independent N(0,1) variates, roughly 3000 in each
model.

7 The N(0,1) variates from each of the 12 models were merged, 34500 in all, for which the following

percentiles were calculated:

Percentile 1% 5% 10% 50% 90 % 95 % 99 %
Empirical -2.29 -1.64 -1.28 0.00 1.27 1.64 2.30
Gaussian -2.33 -1.65 -1.28 0.00 1.28 1.65 2.33
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Table 2.8: Bias in estimate of hours variables based on 100 replications in Monte Carlo experiments with 2SLS estimates as truth.

Hours in pre-school Hours with mother
Truth OLS 2SLS bias Rel. ivse/ | Truth OLS 2SLS bias Rel. ivse/
bias (s.d) rmse  ivsd bias (s.d) rmse  ivsd
OLS/ OLS/
2SLS 2SLS
I II 111 v \% I II I v v
NCDS
Age7
maths 25.85 -23.85 -12.11(7.70) 1.67 090 19.17 -17.62  -9.31(5.52) 1.63 0.94
reading 3.19 297  -1.67(4.28) 0.69 1.07 6.72 -5.67  -2.57(3.14) 141 1.10
soc. adj. -1.62 -3.18  -2.14(727) 053  0.98 -0.83 1.66 0.18 (5.06) 0.35 1.09
Age 11
maths -2.35 1.82 -0.05(6.24) 035 0.95 1.61 -1.84  -0.74 (4.22) 047 1.07
reading 7.42 -6.56 -3.72(3.26) 1.34 1.09 4.12 -390 -2.24 (2.43) 1.19 1.12
soc. adj. 1.20 431 -1.88(6.74) 0.64 1.08 5.79 -7.35 -3.11 (4.84) 1.29 1.14
BCS
Age5
copying 2673 -1932  -4.68 (9.86) 1.79 1.04 1424  -12.03  -3.22(7.00) 1.58 1.11
Vocab. | -42.28 31.62 8.15 (9.76) 2.50 1.09 -9.20 9.53 3.63 (7.70) 1.14 1.06
soc. adj. -8.08 6.39 2.85(4.91) 1.16 1.03 -0.76 2.08 1.26 (3.78)  0.58 1.01
Age 10
maths 1.47 -3.11  -1.66(6.49) 0.54 1.01 11.10  -10.51  -4.90(5.82) 140 097
reading | -16.93 12.48 3.79 (6.25) 1.74 1.18 -7.86 3.69 2.04 (6.37) 0.62 1.01
soc. adj. -0.99 -229 -1.26(5.92) 0.1 1.09 1.98 -0.78  -1.53 (5.56) 0.30 1.02

Notes: Column I gives the parameters used to generate the data (the 2SLS estimates of the model in the original data). Columns IT and III give simulation estimates of bias
for the hours parameters for the 12 measures of attainment. For the 2SLS estimates we also report the standard deviation of the 100 estimates. To obtain a standard error
for significance of the bias, this standard deviation must be divided by V100=10. Column IV reports the root mean square error by OLS relative to the root mean square
error by 2SLS. Column V gives the ratio of average standard error of the 100 estimates to the standard deviation of the sample of 100 estimates.

36
















































































































































































































































































































































