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ABSTRACT

This thesis consists of three papers investigating the relationships between family 

structure, the education system, and children’s outcomes.

“Class Size In The Early Years: Is Smaller Really Better?” estimates the effects of 

class size on student attainment. Ordinary Least Squares estimates suggest that 

attainment is unrelated to class size; however. Instrumental Variables estimates, with 

class size instrumented by the interaction between school size and school type, show 

a significant and sizeable association between smaller classes and attainment in 

reading in the early years of school.

“Family Composition And Children’s Educational Outcomes” explores the 

relationship between sibship structure and educational outcomes, in the context of 

theories of dilution of parental resources. Consistent with theory are the findings that 

children from large families are disadvantaged, as are children lower down the birth 

order; however, the finding that only children perform worse than those fi*om two- 

child families, even controlling for a whole range of parental and school 

characteristics, is not. Only children are at more of a disadvantage on mathematical 

measures of performance than on language measures, suggesting that these skills are 

acquired via different processes.

“Fertility And Female Labour Force Participation” investigates the endogeneity of 

children variables in the female labour supply equation, using the fact that parents in 

industrialized countries prefer their families to consist of equal numbers of girls and 

boys. Mothers whose first two children are of the same sex are more likely to have a 

third child than mothers with a girl and a boy; this is used as an exogenous 

instrument for the birth of a third child. Children variables are found to be 

endogenous in the female labour supply and hours of work fimctions, and failure to 

account for this leads to exaggerated estimates of the negative effect of children on 

female labour supply.



TABLE OF CONTENTS

I. INTRODUCTION
List of Tables . . .5

List of Figures . . .7

Acknowledgements ... 8

Introduction ... 9

II. CLASS SIZE IN THE EARLY YEARS: IS SMALLER 
REALLY BETTER? ... 12

II. 1 Introduction ... 13

11.2 Data ... 15

11.3 Class Size: Arguments and Evidence ... 18

11.4 Endogenous Class Size ... 24

11.4.1 Approaches to the problem ... 29

11.5 Estimation and Results ... 36

11.5.1 An Education Production Function ... 36

11.5.2 Results ... 38

11.5.3 Testing for Heterogeneous Effects ... 47

11.5.4 Do the effects of smaller classes persist? ... 50

11.6 Conclusions ... 54

11.7 Appendix ... 58

III. FAMILY COMPOSITION AND CHILDREN’S 
EDUCATIONAL OUTCOMES ... 63

111.1 Introduction ... 64

111.2 Conceptualising the effects of Siblings ... 67

III. 3 Empirical Framework for Estimation ... 71

111.4 Data: the NCDS ... 77

111.5 Results ... 81

111.5.1 Sibship Size ... 81

111.5.2 Birth Order . . .87

111.5.3 Only Children . . .95



III.5.4 Interaction Effects ... 102

111.6 Conclusions ... 108

111.7 Appendix ... I l l

IV. FERTILITY AND FEMALE LABOUR SUPPLY ... 121

IV. 1 Introduction ... 122

1V.2 Data and Descriptive Statistics ... 126

IV.2.1 The National Child Development Study ... 126

IV.2.2 The British Household Panel Study ... 127

IV.2.3 Summary Statistics ... 128

IV.2.4 Labour Market Status and Fertility ... 130

1V.3 Parental Preferences over the Sex of Children ... 132

1V.3.1 The Preference for Balanced Families ... 132

IV.3.1 Instruments for the Third Birth ... 136

1V.4 Estimation and Results ... 138

IV.4.1 Hours of Work ... 148

1V.5 Conclusions ... 150

1V.6 Appendix ... 152

V. CONCLUSION ... 154

VI. BIBLIOGRAPHY

Bibliography to Chapter 11 ... 157

Bibliography to Chapter 111 ... 163

Bibliography to Chapter IV ... 167



LIST OF TABLES

Table II. 1 Information and sample sizes for waves 0-3 of NCDS ... 16

Table II.2 Distribution of class sizes in the NCDS ... 17

Table II.3 OLS regressions of class size on ability group

and past attainment ... 28

Table II.4 OLS coefficients, class size at age 7 ... 35

Table II.5 Determinants of reading scores: OLS and IV estimates . . .40

Table II.6 Reading scores: OLS and IV results ...41

Table II.7 OLS and IV results using percentile as dependent

variable . ..42

Table II.8 Mathematics scores: OLS and IV results ...43

Table II.9 Testing for heterogeneous effects . .49

Table 11.10 Do the effects of class size persist until age 11? .. 52

Table II.Al Descriptive statistics .. 58

Table II.A2 First-stage regressions .. 60

Table II.A3 Do the effects of class size persist until age 16? .. 61

Table III.l Information and sample sizes for waves 0-3 of NCDS . .. 77

Table III.2 Number of Siblings .. 80

Table III.3 Position in the Family .. 80

Table III.4 Sibship Size and Outcomes .. 84

Table 111.5(a) Birth order effects (no additional controls) .. 90

Table 111.5(b) Birth order effects (standard family background

controls) .. 91

Table III.6 Performance of eldest children relative to the

performance of only children. .. 100

Table III.7 Contact with other children .. 102

Table III.8 Interaction effects (without additional controls) . 105

continued



LIST OF TABLES (CONTINUED)

Table III. A1 Outcome measures ... 113

Table 111.A2 Summary statistics ... 114

Table 111.A3 Relationship between sibship size and outcomes ... 117

Table 111.A4 Estimated probabilities ... 120

Table IV. 1 Information in NCDS ... 127

Table 1V.2 Summary statistics ... 129

Table 1V.3 Labour market activity by number of children:

all women ... 131

Table 1V.4 Labour market activity by number of children:

married women ... 131

Table IV.5 Parity progression ratios: the fraction of mothers with

two children who had another child, by sex of first 

two children ... 134

Table 1V.6 Parity progression ratios: the fraction of mothers with

two children who had another child, by sex of first 

two children ... 136

Table 1V.7 Instruments for the third birth ... 137

Table 1V.8 Effect of a third child on labour market participation:

OLS and 2SLS estimates (spec. 1) ... 141

Table 1V.9 Effect of a third child on labour market participation:

OLS and 2SLS estimates (spec. 11) ... 142

Table IV. 10 Effect of a third child on labour market participation:

OLS and 2SLS estimates (spec. Ill) ... 143

Table IV. 11 Effect of a third child on hours of work (spec. 1) ... 149

Table IV.Al Probability of attrition after wave 4 of NCDS ... 152

Table 1V.A2 First-stage regressions for probability of a third child ... 153



LIST OF FIGURES

Figure II. 1 Distribution of class sizes at age 7, by ability group ... 26

Figure II.2 Distribution of class sizes at age 11, by ability group ... 26

Figure II.3 Distribution of class sizes at age 16, by ability group ... 27

Figure II.4 Average class size by school size and type:

NCDS Wave 1 . ..31

Figure 11.5(a) The relationship between class size, school size and

school type: kernel regressions for Wave 1. ... 33

Figure 11.5(b) The relationship between class size, school size and

school type: kernel regressions for Wave 2. ... 33

Figure II.Al Distribution of test scores at age 7 ... 62

Figure III. 1 The relationship between sibship size and test scores ... 82

Figure III.2 The relationship between sibship size and

educational attainment ... 83

Figure III.3 Birth Order and Outcomes ... 92

Figure III.Al Distribution of Outcome measures in the NCDS ... I l l



ACKNOWLEDGEMENTS

There are many people without whom I would not have been able to write this thesis. 

I first of all thank my supervisors, Professors Costas Meghir and Richard Blundell, 

for their instruction, inspiration and guidance. Many other colleagues at UCL also 

gave help and encouragement, particularly Christian Dustmann, John van Reenen 

and Valerie Lechene; and Amanda Gosling and Lorraine Dearden deserve special 

thanks, not only for discussions, suggestions and help with data, but also for 

persuading me to come to UCL in the first place. I also thank my fellow students for 

their solidarity and friendship: Maite Martinez, Jumana Saleheen, Maria Rochina, 

Juan Sanchez-Llopis, Ahmed Anwar and many others. I thank colleagues at ISER for 

their assistance and inspiration in various ways: John Ermisch, Marco Francesconi, 

Richard Berthoud, Stephen Jenkins and others. Particular thanks are due to J 

Gershuny for always believing that I would finish this thesis and never missing the 

opportunity to remind me of it.

I also thank my family: my husband Tobie who has helped in more ways than I can 

mention; my treasured son George, who has helped and hindered in approximately 

equal proportions, by reducing the amount of time available for work, but inspiring 

me to use it more wisely; my parents for their financial and moral support, and my 

sisters and my brother who are always a help to me just by virtue of their existence.

I gratefully acknowledge all sources of financial support for this work: the Economic 

and Social Research Council for three years of funding under Postgraduate Training 

Award no. R00429334165; the Institute for Social and Economic Research for 

support while I was writing up; and my parents for their generous support at various 

times. Finally, the data on which this work is based were made available by the Data 

Archive at Essex University.



INTRODUCTION

This thesis consists of three completely self-contained papers which are (rather 

loosely) connected by the themes in its title: education, the labour market and the 

family. Each of the papers contains its own introduction, discussing the issues, the 

theory and the literature around which the paper is based; thus, I intend in this 

section only to give a very broad description of the themes of this thesis, and the 

interconnections between them.

There are clearly very many connections between these three areas, throughout the 

course of an individual’s life. A child’s family situation mediates his or her 

experience in the education system and the benefits which the child gains from the 

education system. The child’s performance in the education system is a crucial 

determinant of his or her later success in the labour market. An individual’s labour 

market position may affect his or her decisions in the sphere of family formation, but 

equally the family situation which an adult experiences may affect his (or more 

probably her) labour supply and wages. The family situation which an individual 

experiences as a child is an important determinant of the type of family which he or 

she will go on to experience as an adult... and so the interconnections go on.

This thesis does not seek to create a unifying theory of interactions between the 

family, the education system and the labour market, and nor does it ask any very 

original questions. Rather, it applies fresh thinking to some rather old and well- 

trodden questions, each of which has in its time aroused quite polarised debate, and 

on each of which research has reached something of an impasse.

The first paper examines the effect of class sizes on educational outcomes. This is an 

old and thorny question which has been fought over in the political arena on a 

right/left axis, as well as by scholars. While most parents and educators believe that 

smaller class sizes are beneficial in terms of student outcomes, and while most 

theoretical predictions also tend in that direction, empirical research into the effects 

of class size has had very mixed results, with experimental evidence supporting small



classes, but with studies based on large-scale cross-sectional data tending to find no 

effects from class size, or an effect in the opposite direction to that expected. In this 

paper I find compelling evidence that children with lower initial educational 

attainment have more resources directed to them both at the level o f the local 

authority and of the school, meaning that estimates of the relationship between class 

size and attainment give little information abut the effect of class size. To get round 

this problem I look for an exogenous instrument for class size, and find that the 

interaction terms between school size and school type may be used for this purpose: 

these interaction terms are unrelated to pupils’ outcomes, but are related to class 

sizes in schools. I show that if the endogenous nature of the class size variable is not 

taken into account, class size does not appear to be an important determinant of 

children’s outcomes; however, when endogeneity is taken into account, class size is 

significantly positively related to children’s outcomes in reading.

The second paper examines the relationship between family structure and 

educational outcomes, with the focus of attention on the number of siblings a young 

person grows up with and his or her position in the birth order. Here, the particularly 

contentious issue is the performance of only children, and whether or not they are 

disadvantaged relative to children from other sibships: in the US literature fierce 

arguments have been made on both sides. In contrast to the US, the UK literature is 

extremely sparse on all aspects of the relationship between sibship structure and 

educational outcomes, and so this paper takes a very general and wide-ranging look 

at several aspects of the relationship: the number of siblings, birth order, the situation 

of only children, a little about the spacing between siblings, and whether the effects 

of sibship structure vary vdth gender or the family’s socio-economic background. In 

relation to the question of only children’s performance, I find that throughout their 

educational careers, only children do systematically worse than those in sibships of 

two on indicators of mathematical attainment, but not on reading or language-based 

indicators. Since much of the conflicting research in the US comes from papers 

based on single measures of attainment, I suggest that the wildly different results 

found by different researchers may be due to the different measures of attainment 

used.
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The third paper investigates the effect of the number of children a woman has, and 

her labour supply. Standard estimates of the female labour supply function generally 

find a significant negative coefficient on the number of children, yet this does not 

necessarily reflect the effect of children on female labour supply, since it is possible 

that the relationship arises because of heterogeneity: if some women have a relative 

preference for family-based activity over market-based activity (and are therefore 

likely to have more children, and to work fewer hours), and another group of women 

have more of a preference for market work and less preference for home-based work, 

this would give rise to a negative relationship between the number of children a 

woman has and the number of hours she devotes to paid work, even the effect of 

children on their mothers’ labour supply was in fact zero. Again, this question has 

given rise to a large literature, with some scholars finding that children depress their 

mothers’ hours of work, while others finding that children have no effect on their 

mothers’ labour supply, or even have a small positive effect. This paper attempts to 

control for the endogeneity of fertility variables in the female labour supply function 

by using the sex of the first two children as exogenous instruments for the birth of a 

third child, which is made possible because women whose first two children are of 

the same sex are significantly more likely to have a third child than those whose first 

two children are of different sexes. At the time this paper was originally drafted, the 

idea of using this instrument in the female labour supply function was quite new; 

however, another paper using the same idea has since been published (Angrist and 

Evans 1998) to which I make reference in the text. Interestingly, the findings of my 

paper are rather different from those of Angrist and Evans, so this particular research 

question is still open for debate.
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Chapter II C lass S ize  in th e Early Years

CHAPTER I I

CLASS SIZE IN THE EARLY YEARS:

IS SMALLER REALLY BETTER?

12



Chapter II C lass S ize  in th e Early Y ears

INTRODUCTION

Class size is a contentious issue in Britain. Under successive Conservative

governments between 1979 and 1997, class sizes in state schools increased steadily, 

growing to become among the largest in the OECD (OECD 1996; Blatchford and 

Mortimore, 1994). In 1995, OFSTED, the government’s schools inspection agency, 

produced a report declaring that

h
“[although] small class sizes are of benefit in the early years of 

primary education.... reducing class size across the board by even a 

small amount is expensive; there is no evidence to justify this 

investment.” (OFSTED 1995).

Despite having been extensively criticised for political bias and unsound 

methodology (Brimblecombe 1994; Bennett 1994; Day et al. 1996), this report was 

used extensively by the government of the day to back up its claim that large class 

sizes in Britain had no adverse effects on pupils.

The Labour party made a major issue of infant class sizes in its 1997 election 

manifesto; reducing infant class sizes to a maximum of 30 was one of its most 

widely-touted pledges, both in its election manifesto and during its first term in 

office.

13
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“Research evidence shows the importance of class size for younger 

children... We have pledged to reduce class sizes for 5, 6 and 7 year- 

olds to 30 or below within the next five years.... There will be a cost 

to introducing smaller classes, which we intend to meet through 

phasing out the Assisted Places Scheme V' (DfEE 1997)

In terms of research evidence rather than politics, the evidence on class sizes is very 

mixed. A large number of studies have been undertaken, some finding a sizeable and 

significant relationship between class size and student outcomes; some finding no 

discernible relationship; and some finding a relationship in the ‘wrong’ direction (i.e. 

that larger classes are associated with better outcomes). In general, experimental 

studies tend to show that reducing class sizes is beneficial (Achilles 1996; Finn and ^  

Achilles 1990; and Word et al. 1990a and 1990b); and studies using aggregate-level 

data (eg, statewide average levels of educational spending in the US) also find a 

positive relationship between educational resources and outcomes (Card and Krueger 

1992a, 1992b, 1998; and Loeb and Bound 1996). However, studies using individual- 

level data have generally failed to find a conclusive relationship between class size 

and educational outcomes. This probably arises because being in a small class is 

associated with other factors leading to poor outcomes, such as being in a bottom or 

remedial stream, or having poor previous educational attainment. In general, the only 

individual-level studies which do find a relationship between class size and student 

attainment in the expected direction are those which use some means to overcome 

problems of endogeneity of the class size variable (Angrist and Lavy 1999; Case ap'd/

Deaton 1999; Akerheilm 1995).

‘ The A ssisted  P laces Schem e w as a program m e introduced by the C onservative governm ent 
w hich  paid school fees, in part or in full according to a m eans test, to enable children from  
less w e ll-o f f  backgrounds to attend private schools.

14



Chapter II C lass S ize in th e Early Years

Although several individual-level studies of class size exist in the UK, including 

those of Davie, Butler and Goldstein (1972); Robertson and Symons (1996); 

Dearden, Ferri and Meghir (1997); Dolton and Vignoles (1998), and Feinstein and 

Symons (1999), none of these has found a significant relationship between class size 

and student outcomes. This paper uses the same data as the above studies: the 

extraordinarily rich National Child Development Study (NCDS). It differs from 

earlier research in that (a) it deals specifically with class size (rather than with 

educational resources generally) as a determinant of outcomes; (b) it has as its main 

focus class sizes in the early years, the age group around which debate in this country 

is currently centred; and (c) it makes use of an exogenous instrument for class size 

not previously exploited: the interaction betweenschool^size and school type. Using 

this exogenous instrument for class size reveals a significant and sizeable positive 

association between small classes and higher reading scores.

DATA

This investigation is based on data from the National Child Development Study 

(NCDS). This is a longitudinal study which takes as its subjects all children bom in 

the week of 3rd - 9th March 1958. It was originally conceived as a one-off perinatal

mortality study, and the first wave of data, collected shortly after the subjects’ birth, 

contains detailed medical and socioeconomic histories of their families.

15
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T a b l e  II I

I n f o r m a t io n  a n d  S a m p l e  S iz e s  f o r  w a v e s  0-3 o f  NCDS

Age Number o f  
Observations

Areas covered

Perinatal Mortality Survey Birth , 18553
__

Maternal health, 
parental characteristics, 
perinatal medical details

F* Follow-up (wave 1) 7 12619 Parental characteristics 
School characteristics 
Medical examination 
Test scores

2"^ follow-up (wave 2) 11 12131 Parental characteristics 
School characteristics 
Medical examination 
Test scores

3'  ̂ follow-up (wave 3) 16 10538 Parental characteristics 
School characteristics 
Medical examination 
Test scores 
Individual interview

Note: sample sizes for Waves 1-3 refer to the number o f  observations where students are in 
mainstream state schools with 20 or more pupils, in classes between 20 and 45, and with non
missing data for family background and school characteristics.

Follow-up studies were carried out when the cohort was aged 7, 11, 16, 23 and 33. 

The studies between ages 7 and 16 contain information on educational attainment, 

schooling, health, and family circumstances. Those at ages 23 and 33 give a detailed 

account of the subjects’ health, labour market behaviour and family and household 

situation since age 16.

Apart from being relatively large in size, this data set has three important advantages 

for investigating the effect of class sizes on attainment. Firstly, because it is a

longitudinal study, one is able to observe not only the instantaneous effect of class 

size on attainment, but also how persistent these effects are over time. Secondly, the 

data set provides a rich set of controls for the home environment and family 

background. Thirdly, and unusually for a data set so rich in individual-level data.

16



Chapter II C lass S ize  in the Early Y ears

there is also a limited amount of information available on the subject’s school 

environment.

Table II.2 shows the distribution of class sizes in the NCDS sample: they were rather 

larger than those in Britain today, with an average class size slightly over 35 in 

Waves 1 and 2, and with only around one in five children taught in classes of 30 or 

less. This was in part due to a severe shortage of teachers at the time caused by the 

unexpected baby boom of the late 1950s and early 1960s.

T a b l e  II .2

D is t r ib u t io n  o f  C l a s s  S iz e s  in  t h e  NCDS.

Wave 1 Wave 2

Range 2 - 7 2 1 - 9 0

Mean Class Size 35.9 35.2

% o f  classes 30 and under 17.9 20.5

31-35 21.3 24.4

36-40 38.4 36.4

“ Over 40 22.4 18.7

Note: Figures are for students in mainstream state schools 
(infant, junior and combined primary schools). Those in special 
schools, independent schools, or schools classified as ‘other’ 
have been dropped fi’om the sample.

Some extremely small class sizes are reported, which most likely indicate the size of 

the year group rather than the number of pupils per teacher in very small rural 

schools. All students in classes smaller than 20 have therefore been excluded fi-om 

the analysis. Students in very large classes (all those over 45) have also been dropped 

firom the data set for further analysis, as have the small numbers of children attending

17
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independent schools; those with special educational needs who attended special 

schools; and children attending a type of school classified in the data as ‘other’.

Throughout this paper, test scores are normalized to have a mean of zero and a 

standard deviation of one. Thus, all coefficients may be read in units of one standard 

deviation.

CLASS SIZE: ARGUMENTS AND EVIDENCE

“Form sizes of 22 boys and teaching group sizes often smaller than 

that ensure the personal attention of staff’

“The School can offer your daughter ... maximum individual 

attention in classes which are kept small at all levels.”

“Small classes (usually a maximum of 16), a well qualified and 

enthusiastic staff.... bring out the best in each child.”

The above extracts, from a handbook carrying advertisements for fee-paying

schools^, give some anecdotal evidence that schools believe that small classes are a

selling point, and that many parents are willing to pay substantial amounts for their

children to be educated in small classes^.

“How many parents engage in home schooling so their child 

(children) will be in a large class? How many parents pay tuition at 

private schools so that their children will be in large classes?.,. Why 

are “important” classes... smaller than “average” classes in schools?

Why are classes for students who need special help smaller than 

classes for “average” students?”

Independent Schools Yearbook 1994-95
and, in this case, with a certain peer group, and a certain curriculum.

18
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This second extract is taken from Achilles (1996), writing about the results of 

Tennessee’s Project STAR (Student Teacher Achievement Ratio). This project, 

implemented as part of a statewide drive to improve school standards, followed the 

progress of approximately 7000 children in a range of inner-city, urban, suburban 

and rural schools, from their kindergarten year in 1985 to the end of third grade in 

1989, and for a further two years after the experiment formally ended. Pupils in 

participating schools were randomly allocated to one of three types o f class: ‘small’ 

(13-17 pupils); ‘regular’ (22-25 pupils), or ‘regular’ with a full-time classroom 

assistant; participating schools were required to have at least one of each type of 

class. Analysis of the project was undertaken by an internal team of researchers: 

Achilles (1996), Finn and Achilles (1990), and Word et al. (1990a and 1990b), an 

additional follow-up study was conducted when the children were in secondary 

school (the Lasting Benefits study, Nye et al 1994); and the data were subsequently 

re-analysed by Krueger (1999).

The main findings of the project are as follows. On all measures of achievement.

( f

students performed significantly better in small classes, though no effect was found
‘ /' ' '

from having a teacher aide. The effect was largest in the case of minority students ^

and those in inner-city areas, and was apparent in every year of the study, but was 

most pronounced at first grade level. The benefits of small classes in the early years 

also persisted until the children were in seventh grade (even though by seventh grade 

none of the children had been in a small class for four years), Krueger’s (1999) re

analysis of the STAR data confirms the findings of the internal researchers, and 

suggests in addition that the effect from being in a small class is more or less

19
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confined to the first year of being in such a class, possibly as a result of some ‘school 

socialisation’ effect.

Project STAR is the best-known experimental study of class sizes, but by no means 

the only one. A similar study (Project Prime Time) was conducted in Indiana 

between 1984 and 1986; again, the project was favourably evaluated with a 

recommendation that it should continue (Mueller, Chase and Walden 1988; Achilles 

1990).

Despite this experimental evidence, the debate about class sizes (and the effect of 

educational resources in general) is very much open. Experiments are costly to 

replicate, so most of the research in this field has been done using existing data sets.

As mentioned earlier, studies using aggregate-level data (for example, statewide 

averages of educational expenditures), of the type conducted by Card and Krueger 

(1992a, 1992b, 1998) and Loeb and Bound (1996), tend to find a positive 

relationship between educational resources (generally educational expenditure, rather 

than class sizes or pupil teacher ratios) and student outcomes.

However, critics have drawn attention to the probable existence of aggregation bias: 

by aggregating data to the level of the state, omitted variables which operate at that 

level (for example, state-specific determinants of performance such as state political 

variables) bias estimates more seriously than they would at other (lower) levels of 

aggregation (Hanushek, Rivkin and Taylor 1996)"̂ . Grogger (1996) finds that

 ̂Interestingly, in the UK aggregation bias would tend to operate in the opposite direction, 
depressing rather than exaggerating the effect of educational resources, since at local 
authority level, educational funding is allocated in part according to assessed needs.
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aggregating measures of schooling inputs by state yields much higher estimates of 

the effect of school expenditure on earnings than aggregating measures o f inputs by 

school district; and that when district-level measures are used, estimates o f the effect 

of schooling inputs are positive but extremely small.

Studies using individual-level data in general yield much more mixed and 

inconclusive evidence on the effects of class sizes (or school resources) than do the 

studies using aggregate data. Hanushek (1996) surveys 377 studies in this area 

(including 277 estimates of the effect of pupil-teacher ratios on student 

performance), and concludes that there is no evidence that increasing the level of 

school inputs would have any effect on student performance.^^Bh^fbrd and 

Mortimore (1994) provide a comprehensive survey of research pertaining to the UK, 

most of which indicates that large classes are associated with -better^jstudent 

attainment. The studies of Morris (1959), CAGE (1967), Davie et al (1972), and 

Little et al (1973), all point in this direction. Later UK studies which fail to find that 

small classes or increased resources have a beneficial effect include Dolton and 

Vignoles (1998) Dearden, Ferri and Meghir (1997), Robertson and Symons, (1996) 

and Feinstein and Symons (1999).

Why should these individual-level studies fail to find a link between class size and 

pupils’ performance? One possibility is that there are benefits associated with smaller 

classes, but not in the range being studied, where class sizes are already ‘small 

enough’.
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Another possible explanation has to do with the method of instruction: class size may

matter more under some teaching methods and less under others (Bennett 1998; 

Dolton and Vignoles 1998). Where teaching is ‘child-centred’, the effects of the 

dilution of teacher time in a large class are likely to be relatively strong; if lessons 

are taught in a ‘lecture’ format, on the other hand, class size may not matter so 

much^. OFSTED (1995) and Blatchford and Mortimore (1994) note that if  the 

method of instruction is related to class size, this may bias estimates of the effect of

class size: if teachers use ‘child-centred’ methods in small classes but ‘whole-class’

methods in large classes, and if whole-class teaching is more effective than child- 

centred teaching, then large classes may appear to be more effective than small 

classes.

However, evidence from the educational literature suggests that teachers do not in 

fact modify their teaching methods a great deal when faced with differing class sizes. 

Bennett (1998) mentions three studies where teaching methods were found to be 

unrelated to class size. For example, Shapson et al. (1980) randomly assigned 

teachers to classes of four sizes ranging from 16 to 37 pupils; observation of 

classroom processes revealed that teachers did not change their methods substantially 

when faced with different-sized classes.

A further explanation of why class size may appear unrelated to student outcomes is 

if students vote with their feet: better schools will be fuller and have larger classes 

than poorer schools. Good schools may also attract parents from more privileged

 ̂Even if whole-class teaching methods are used, the teacher’s time will still be diluted by 
student numbers in tasks such as marking and student discipline, and so larger classes 
might still be expected to affect student attainment adversely, albeit to a lesser extent
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socio-economic groups, or parents who care more about their children’s education. 

Both these factors may give rise to a spurious relationship connecting large classes 

with good scholastic outcomes.

While this may indeed be a problem in a situation where parents are able to choose 

their children’s schools, it is unlikely to be an issue for the NCDS cohort, as during 

the period covered by this survey, schools took their students from quite strictly 

defined catchment areas and the capacity of a school was determined by the local 

authority. Of course, certain types of parents may have deliberately relocated to 

within the catchment area of a ‘good’ school, but the NCDS contains sufficient data 

on parental characteristics to control for this.

Since teacher quality is not observed in the NCDS data^, estimates of the effects of 

class size may be biased if teacher quality is related to class size. The direction of 

any relationship between teacher quality and class size is not obvious a priori: it may 

be that ‘good’ teachers have more market power and are able to negotiate smaller 

classes for themselves; on the other hand, if schools are concerned with equality of 

outcomes for students, better teachers may be allocated to larger classes. Dolton and 

Vignoles (1998) and Dearden, Ferri and Meghir (1998) use local authority data on 

average teachers’ pay as an explanatory variable; both find this to be unrelated to 

educational outcomes, although this may be because in the UK aggregate teachers’ 

pay is an extremely poor indicator of teacher quality^.

 ̂ The N C D S  contains no inform ation on the characteristics o f  individual teachers, other than 
the sex  o f  the teacher in the second fo llow -u p

 ̂ Teachers in the U K  were (and still are) paid according to a form ula with increm ents for 
each year o f  service up to a m axim um , w ith higher sca les and additional a llow an ces for
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Another source of bias, and the one on which this paper focuses, arises if  class size is

related to students’ ability. If more able students are allocated to larger classes, class

size will be endogenous in the educational production function, and the estimated 

effect of being in a small class will be biased downwards -  perhaps to the extent that 

the effect appears to be negative. All the individual-level studies which have found 

small classes to be beneficial to students - those of Angrist & Lavy (1999), 

Akerheilm (1995) and Case and Deaton (1999) - have found some means of 

controlling for the relationship between school resources and background 

characteristics. The section which follows indicates that there is a strong relationship 

between ability and class size in the NCDS data, and explains an instrumental 

variables estimation strategy for obtaining unbiased estimates of the effects of class 

size.

4 ENDOGENOUS CLASS SIZE

Class size for the NCDS sample is related to background variables at two levels at 

least. The first is at the level of grant allocation to local councils and schools. During_____ —'—    -  --    -   o

the period covered by the NCDS, schools were paid for by a combination of funds 

from local and central government, with money from central government being 

allocated via a mechanism which was to some extent redistributive (CACE 1967; 

Simon 1991).

There is also evidence from the NCDS that resources were allocated within schools 

on a redistributive basis: lower-attaining children were put into smaller classes.

heads and teachers with extra responsibilities (CACE 1967). Teachers’ pay is therefore to 
some extent related to experience, but not to any other measure of teacher quality.
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Figures II. 1, IL2 and II.3 show the distribution of class sizes at ages 7,11 and 16 by 

ability groups, or streams^. At all ages, the distribution for top streams lies to the 

right of the distribution for middle streams, while the distribution for bottom streams 

lies well to the left.

Columns I, II and V of Table II.3 display the results of OLS regressions with class 

size regressed on three dummies for ability group. At all ages students in top ability 

groups are in significantly larger classes than those in bottom groups, with a 

difference of around five pupils. In columns III and VI an additional indicator of 

ability (reading score at age 7) has been added into the regressions for ages 11 and 

16, and in both regressions yields a positive coefficient significant at the 1% level. In 

other words, more able students find themselves in larger classes even after 

accounting for the effects of streaming. Thus, the problem of endogeneity cannot be 

overcome simply by controlling for a child’s stream in regressions. Nor can it be 

overcome by restricting the sample to those in unstreamed classes: columns IV and 

VII in Table II.3 show a relationship between class size and prior attainment 

significant at the 10% level at age 11 and the 1% level at age 16 in unstreamed 

classes. No indicator of prior ability is available for Wave 1, but the evidence from 

later sweeps suggests strongly that class size is endogenous at age 7.

.For readability, sm oothed kernel densities are show n The N adaraya-W atson kernel 
estim ator has been used, w ith a sm oothing bandwidth o f  2.
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Figures II I and II.2
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Figure II.3
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Possible explanations for this phenomenon are (1) class sizes are smaller in more 

difficult areas; (2) an effect operates at the margin, whereby particularly difficult 

pupils are assigned (say) to the smaller of two parallel classes; or (3) some classes 

coded in the data as unstreamed (for example, parallel classes) are in fact streamed^.

’ Jackson (1 9 6 4 ), in a large survey o f  primary sch oo ls in 1962, found that by the age o f  seven  
alm ost three-quarters o f  children in sch oo ls large enough to have m ore than one class per 
year, w ere stream ed. This is a far larger proportion than the 6 or 7 per cent reported in the 
N C D S  in 1964. It d oes seem  likely, therefore, that som e o f  the c la sses coded  in the data at 
W ave 1 as ‘parallel’ or ‘divided by age w ithin year groups’ were in fact streamed.
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T a b l e  II.3

OLS REGRESSIONS OF CLASS SIZE ON ABILITY GROUP AND PAST ATTAINMENT

I II III IV V VI VII

A g e? Age 11 Age 11 Age 11 Age 16 Age 16 Age 16

Top Stream 2.148 2.896 2.848 - 1.818 1.472 -
(7.986) (19.799) (18.385) (14.209) (10.770)

Middle Stream 0.530 1.153 1.120 _ -0.012 0.086 -
(1.336) (6.953) (6.492) (-0.092) (0.613)

Bottom Stream -2.546 -3.080 -2.916 - -3.003 -2.535 -
(-7.260) (-18.701) (-16.036) (-19.735) (-15.171)

W ave 1 reading score - - 0.159 0.112 - 0.624 0.701
(2.894) (1.695) (11.200) (6.880)

Constant 35.978 35.237 35.230 35.230 26.426 26.443 26.437
(712.746) (592.107) (560.895) (543.641) (265.504) (250.565) (265.160)

Sample Size 12596 12045 10882 7214 9809 8690 1866

Adjusted R-squared 0.009 0.070 0.072 0.0004 0.108 0.117 0.024

P-value 0.000 0.000 0.000 0.090 0.000 0.000 0.000

Notes:

OLS regressions; dependent variable is class size. In age 16 regressions, the dependent variable is class size for English lessons, and streams 
refer to streams for that subject. Students in unstreamed classes form the omitted category for ability group. T-statistics in parentheses.

Sample restricted at age 7 and 11 to students in state infant, junior or combined schools with 20 or more pupils, in classes o f  between 20 and 45 
students. Sample restricted at age 16 to students in comprehensive, secondary modem, and grammar schools with 40 or more pupils, in classes 
o f  between 15 and 40 students. In columns IV and VII, sample restricted to students in unstreamed classes.

Normalised Wave 1 reading scores are used in regressions III, IV, VI and VII — hence, the coefficients denote the difference in class size 
associated with 1 standard deviation in reading scores.
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4.1 Approaches to the problem

Blundell et al. (1997) identify three approaches to the problem of endogenous school 

resources. One approach controls for family fixed effects using data from siblings -  

as used, for example, by Altonji and Dunn (1995 and 1996). Since the NCDS 

contains data on only around 150 sibling pairs (all of whom are twins or triplets) this 

approach is not an option here.

The second approach to which they refer is that of instrumental variables, which 

involves finding an instrument which is correlated with class size but not with 

ability. This is the approach taken here.

However, this paper also makes use of the third approach identified by Blundell et al: 

a ‘matching’ approach. This involves ‘washing out’ the problem of unobserved 

ability by including in regressions as wide as possible a range of background 

variables. The NCDS contains an enormous range of such variables*®.

Several authors have used local-authority based variables to instrument class sizes. 

Feinstein and Symons (1999) use a set of local authority dummies to instrument the 

pupil-teacher ratio. Dolton and Vignoles (1998) and Dearden, Ferri and Meghir 

(1997) use variables at the local authority level, such as average pupil-teacher ratio in 

the LEA, or educational spending per pupil in the LEA. All these instruments suffer

For example, we have available data on whether the child was breast fed as an infant, on 
maternal smoking during pregnancy, laterality, and head circumference, all of which have 
been shown in the medicaFchild development literature to be related to some measure of 
‘intelligence’. There is some debate as to whether these relationships have a biological 
basis or whether they simply measure aspects of social class which other measures do not 
pick up. For our purposes, it is unimportant which of these explanations is true.
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from the problem of being correlated with the socio-economic composition of the 

region of residence, as discussed before.

Akerheilm (1995) uses average class size in the student’s school, and total enrolment 

as instruments for class size. However, this relies on the rather strong assumption 

that school size is not related to educational attainment.

Angrist and Lavy (1999) also use the relationship between school size and class size 

to identify their estimates, but are able to make use of non-linearity and non

monotonicity in this relationship, arising from a rule laid down in the Torah 

(Maimonides’ rule) and still currently in use, stipulating a maximum class size of 40 

students. This gives rise to a predicted ‘saw-toothed’ relationship between school 

enrollment and class size, with discontinuities at 41, 81, 121, and so on. These 

predicted class sizes fit the actual data reasonably well; using this instrument, Angrist 

and Lavy find that smaller classes are beneficial in terms of educational attainment, 

having an effect comparable to (although at the lower end of) that found in the 

Tennessee experimental studies.

Would the NCDS permit the use of such an instrument? Figure II.4 plots the 

relationship at age seven between class size and school size for the two types of 

school attended by NCDS children: infant schools, taking children from 5-7, and 

combined schools, taking children from age 5-11. Inspection of the graph reveals no 

saw-toothed pattern such as exists in the Israeli data, but it does indicate an 

alternative instrument: class size and school size are related for both types of school.
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but for any given size of school, average class sizes in infant schools are larger than 

in combined schools*^

Figure 4: Average c lass size, by school size and type:
NCDS W ave1.
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" For this cohort, the intake into primary sch oo ls w as staggered, w ith  m ost children starting 
sch oo l at the beginning o f  the term in w hich  they w ould  reach the age o f  five, and 
rem aining in primary school until age 11. A bout h a lf the children attended an ‘infant’ 
school until age seven , fo llow ed  by a ‘ju n ior’ school until age eleven; the other h a lf  
attended a ‘com b ined ’ infant and junior sch oo l for the duration o f  their primary schooling. 
In early sum m er (the tim e w hen m ost o f  the sch oo ls questionnaires w ere filled  in) infant 
sch oo ls w ould  have children on roll from tw o full year groups plus about tw o thirds o f  the 
you n gest year group; junior schools w ould  have children on roll from  four full year  
groups; w h ile  com bined sch oo ls w ould have children on roll from s ix  full year groups plus 
about tw o thirds o f  the you ngest group.
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Figure 11.5(a) gives smoothed plots^^ of the relationship between school size and 

class size for Wave 1. Estimates for infant and combined schools are shown 

separately; 95% confidence intervals for both types of school are shown in broken 

lines. The fact that the confidence intervals lie well away from each other for most of 

the range confirms that there is a distinct relationship between class size and school 

size for the two types of school. However, Figure 11.5(b) shows that the same is not 

true at age 11, where the curves for the two types of school lie much closer together, 

and the confidence intervals (for clarity, not shown on the graph) overlap^^.

These plots are kernel densities, obtained using a smoothing bandwidth of 20, excluding 
from the estimation process schools with under 20 pupils or over 950 pupils, and 
excluding those in classes of under 15 or over 50. For combined schools, estimates were 
obtained for schools with rolls between 40 and 900 pupils, cutting off 3% of the smallest 
and 0.39% of the largest schools; for infant schools, they were obtained for schools with 
between 40 and 500 pupils, cutting off 0.34% of the smallest and 0.64% of the largest 
schools.

One possible reason why the relationship between school size and class size is distinct 
between school types at age 7 but not at age 11, is that at age 7 there is a large difference 
between the number of year groups in the different types of school (two and two thirds for 
infant schools to six and two thirds for combined schools), while at age 11, the difference 
is much smaller (four years for junior schools versus six and two thirds for combined 
schools).
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Figures 11.5(a) and (b)

The relationship between class size, school size and 
schooi type: kernel regressions for Wave 1.
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Regrettably, then, this method does not furnish an exogenous instrument for class

size at age 11 ; however, it does provide one for use at age 7. Although it is quite

likely that both the size and type of school are related to student outcomes, the 

interaction between these two variables may be used as an exogenous instrument for

class size. The only assumptions that need be made are firstly that the interaction

terms are related to class size (which they are, as we shall show) and secondly that 

they are not related to student attainment. This second assumption is equivalent to 

assuming that school size and school type both may affect student performance, but 

that their effects are independent: in other words, being in a school with 500 rather

than 300 students has the same effect on performance regardless of whether the

school is an infant or a combined school; and the effect of being in an infant or a 

combined school does not vary according to whether it is a large or a small school.

Table II.4 shows that in an OLS regression with class size as the dependent variable, 

the interaction terms between school size and school type do have some explanatory 

power over and above that provided by other school-based variables; moreover, the 

explanatory power of the first-stage regressions is high. Column I in the table shows 

regression coefficients with controls only for school size, school type, whether the 

school has a nursery class, and the composition of the student’s class. In Column II, 

the two interaction terms have been added: both are significant at the 1% level. In 

Column III, the average class size in the student’s local authority has also been added 

in (this is used in a specification where local authority fixed effects are included); 

again, this coefficient is significant at the 1 % level.
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T a b l e  I I .4

O L S  C o e f f ic ie n t s  (D e p e n d e n t  v a r i a b l e : C l a s s  S iz e  a t  a g e  7 )

School Characteristics 

Infant school dummy

School roll

School rolP^x 100)

Infant school x School roll

Combined school x  School roll x 100

School has nursery class

Class Characteristics

Characteristics o f LEA

LEA pupil/teacher ratio

Constant

Observations 
R-squared 
Adjusted R-squared 
P-value

(I) (II) (III)

2.380 2.992 2.931
(24.973) (6.955) (6.925)

0.058 0.065 0.062
(43.949) (39.152) (37.356)

-0.006 -0.011 -0.010
(-28.575) (-20.156) ( - 1 9 ,4 2 ^

- (  0 .010^ X ( O ^ O O p
V g . l 0 8 ) ^ V (2.997)

- /^<fr005 ) / ^ - 0 .0 0 4  "

( ( 7 .6 9 6 ^ (7 .6 3 IL
-1.029 ^ r o o 2 -0.945

(-6.692) (-6.594) (-6.324)

24.947
(120.678)

10399
0.345
0.345
0.000

Top stream 0.962 0.822 0.646
(4.060) (3.514) (2.804)

Middle Stream -0.813 -0.536 -0.778
(-2.368) (-1.577) (-2.324)

Bottom Stream -4.428 -4.394 -4.516
(-14.582) (-14.642) (-15.290)

All infants in one class -1.622 -0.601 -0.521
(-6.334) (-2.225) (-1.960)

Family Groupings -0.966 -0.698 -0.712
(-4.849) (-3.530) (-3.661)

23.254
(85.415)

10399
0.362
0.362
0.000

10.422
(14.031)

10399
0.383
0.382
0.000

Note: Sample restricted to students in state infant and combined schools with 20 or more 
pupils, in classes o f 20-45. T-statistics in parentheses. LEA average pupil-teacher ratios 
taken from CIPFA (1965).
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5 ESTIMATION AND RESULTS

5.1 An education production function

To formalize the discussion of the previous section, we wish to estimate a reduced- 

form education production function of the form

Ti =a .Xf  +/ .Si  +Uf (1)

where denotes the test score achievement of student /; AT,, is a vector of variables 

including the child’s personal characteristics; a set of inputs from the child’s home 

environment; and a set of inputs (other than class size) from the child’s school.

refers to the child’s class size, and ii,. is an i.i.d. error term, including a component of 

unobservable ability.

Some of the variables in may be thought of as fixed; others may arise from the

optimization of a household utility function by the child’s parents. At the level of the 

household, for example, variables such as the total number of children, or the amount 

of interest parents take in their children, may be determined in this way. Some 

variables at the level of the school may also be determined via optimizing behaviour 

on the part of parents; however, given the strict operation of catchment areas at the 

time, it is likely that this occurs via parents choosing their area of residence rather 

than a particular school.

In any case, the important assumption for this model is that the set of background 

variables is sufficient to control for these aspects of parental choice:
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E{Xi.Ui)  =  0

However, the previous discussion has shown that this is not the case for class size, 

which is related to the error term because of allocation mechanisms at both the 

school and the local authority levels. Hence,

E{SjU^) ^ 0

OLS estimates are therefore biased, and we estimate instead an instrumental 

variables specification, using as instruments for class size the interactions between a 

quadratic in school size and a binary indicator of school type. In order to leave all the 

required variables in the main equation, the instrument set Z  contains just two 

variables:

Z  = {[School roll * (Infant school = 1)]y [School roll^ "^(Infant school = 0)] }

The identifying assumptions are

£ '(Z ,.5 ,)^ 0  ; E {Z ,.u ,) = 0

A  second specification is also estimated, allowing for fixed effects at the level of the 

local authority: here, the error term is parameterized by

Tÿ  — t x . X y  +  y^Zy +  Ufj (2 )

— M j
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and the fixed effect is controlled for using a set of dummies for local authority of 

residence. In this specification, average class size at the level of the local authority is 

added to the set of exogenous instruments for class size.

A Tobit specification is also estimated for reading scores. The reading test 

administered to seven-year-olds, being designed to identify ‘problem’ readers, does 

not follow a bell-type distribution, but has a clustering of scores at the top, with 18% 

of the sample scoring the top mark of 30. The Tobit specification specification is 

estimated once using a straightforward Tobit procedure (corresponding to OLS in the 

first two specifications), and a second time using predicted class size instead of 

actual class size as a dependent variable (corresponding to IV in the first two 

specifications).

5.2 Results

Results from the first specification are shown in Table II.5. Under OLS, class size 

appears to be unrelated to reading scores, with a tiny and insignificant negative 

coefficient on class size. Under IV, however, a relationship between class size and 

reading scores is observed which is not only significant at the 1% level, but which is 

also of a sizeable magnitude: -0.036 standard deviations for each reduction in class 

size of one pupil. Thus an eight-student reduction in class sizes corresponds to an 

improvement in test scores of 0.288(7: this is equal to the advantage that girls enjoy 

over boys in reading at this age; it is slightly larger than the difference between the 

performance of the top three social classes over the bottom social class; it is ten times 

the size of the effect of an extra year’s education for the child’s mother, and in terms
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of a peer group effect it is equivalent to the effect of moving from a class with 70% 

of children in the lowest social class and the rest in the middle groups, to a class with 

70% of children in the top two social classes and the rest in the middle groups. The 

other coefficients are well-defined and within the bounds of reasonable expectations: 

children in top streams perform more than one standard deviation better than those in 

bottom streams; all the indicators of privileged family background are associated 

with better outcomes, including factors such as education, social class, fewer rather 

than more siblings, parental interest and so on. Some measurements from the NCDS 

medical questionnaire which are also known to be related to educational outcomes 

(height and head circumference) are also included, and they too yield significant 

coefficients of the expected sign. Area dummies are included for only two regions: 

Wales, which being very sparsely populated tends to have rather smaller classes than 

the rest of the country, and London, which being densely populated has rather larger 

classes. These variables are not significant in the OLS regression, though the dummy 

for London is significant in the IV regression.
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T a b l e  II.5

D e t e r m in a n t s  o f  R e a d in g  s c o r e s : OLS a n d  IV e s t im a t e s

School Characteristics 
Class size
Number on school roll
School roll squared (coefficient * 1000)
Infant school dummy
Class formation: Top stream

Middle stream 
Bottom stream 
Family Grouping 
All infants in one class 
School has nursery class 

% o f  parents in social class I and II in class 
% o f  parents in social class V in class 
% o f  sessions absent this year

Family Variables: Early History  
Female Child 
Multiple birth indicator 
Child breastfed after age 1 
Age mother left education 
Age father left education

Parental and Fam ily Characteristics
Father’s social class:

III (non-manual)
III (manual)
IV

Number o f  children in household 
Child ever in care?
Family are owner occupiers

Parental aspirations
Parents want child to stay on at school 
Teacher’s assessment: Mother’s interest (0-2)
Teacher’s assessment: Father’s interest (0-2)

Variables from  m edical questionnaire 
Child’s height (inches)
Child’s head circumference (inches)
Head circumference squared

Area Dummies
School in Wales 
School in Inner London

OLS IV

-0.0003 (-0.185) -0.036 (-2.937)
-0.0004 (-1.479) 0.0014 (2.074)
0.0004 (0.844) -0.0015 (-1.983)
0.043 (2.198) 0.128 (3.647)
0.409 (12.648) 0.439 (12.769)
0.199 (3.630) 0.166 (2.997)

-0.533 (-7.894) -0.687 (-7.812)
-0.222 (-4.781) -0.260 (-5.454)
-0.042 (-0.810) -0.107 (-1.868)
-0.071 (-2.224) (-2.959)
0.001 (2.059) (2.855)

-0.002 (-3.909) -0.OO2 (-3.542)
-0.009 (-9.005) -0.009 (-8.933)

0.280 (16.043) 0.288 (16.105)
-0.164 (-2.621) -0.152 (-2.369)
0.043 (2.029) 0.044 (2.063)
0.030 (4.618) 0.028 (4.221)
0.013 (2.465) 0.010 (1.930)

0.231 (4.157) 0.247 (4.363)
0.222 (4.597) 0.222 (4.552)
0.280 (5.747) 0.280 (5.744)
0 .I2I (2.790) 0.121 (2.778)
0.033 (0.705) 0.036 (0.757)

-0.053 (2.977) -0.053 (-8.295)
-0.216 (-2.845) -0.243 (-3.121)
0.055 (2.889) 0.062 (3.171)

0.231 (4.531) 0.249 (4.784)
0.263 (12.652) 0.263 (12.456)
0.154 (7.086) 0.162 (7.274)

0.021 (5.211) 0.019 (4.672)
0.519 (2.567) 0.514 (2.640)

-0 .0 1 1 (-2.325) -0.011 (-2.372)

-O.OII (-0.302) -0.096 (-2.037)
-0.072 (-1.709) -0.057 (-1.351)

Observations
R-squared
P-value (joint significance o f  all regressors)

11057
0.2435
0.0000

11057 
0.2202 
0.0000

Notes: Sample includes children in mainstream state schools with over 20 pupils, in classes o f  between 20 and 45. 
Dependent variable is normalized reading score at age 7. T-statistics in parentheses. Instruments for IV regressions 
are the interaction terms between school size and school type. Additional controls for father unemployed; no father 
figure; mother and father ‘too interested’ in education; child breastfed till age I; number o f  schools attended; also 
dummies for missing values o f  variables. Omitted categories in groups o f  categorical variables are: father’s social 
class V; combined school; unstreamed class with I or more classes per year. Descriptive statistics and first-stage 
regression results are given in Appendix I.___________________________________________________________
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T a b l e  II.6 

R e a d in g  S c o r e s : O L S  a n d  IV r e s u l t s

Specification I 

OLS IV

Spec II 

OLS IV

Specification III

Actual Predicted
class size class size

Class size coefficient -0.0003 -0.0360 -0.0011 -0.0363 -0.0014 -0.0282

T-statistic on class size coefficient (-0.185) (-2.937) (-0.529) (-2.752) (-0.622) (-2.201)

Sample Size 11057 11057 11033 10033 10057 11057

R-squared 0.244 0.220 0.269 0.255 - -

P-value (joint significance o f  all coefficients) 0.000 0.000 0.000 0.000 0.000 0.000

R-squared (first stage regressions) 0.370 0.433 0.370

F-test (joint significance o f  instruments in first 
stage regressions)

137.37 
F(2, 11000)

92.42 
F(3, 9839)

137.37 
F(2, 11000)

P-value (joint significance o f  instruments) 0.000 0.000 0.000

Sargan statistic (overidentification test) 0.289

f ( l )

0.245
%'(2)

-

P-value o f  Sargan statistic 0.591 0.885 -

T-statistic (exogeneity o f  class size) 2.971 2.714 2.960

Notes; Dependent variable is normalized reading score at age 7. Sample restricted to students in state infant and combined 
schools, in classes o f  between 20 and 45 students.

Specification I is the same as in Table II.5, using two interaction terms between school size and school type as instruments; 
Specification II includes a set o f  LEA dummies as explanatory variables, and average LEA pupil-teacher ratio as an additional 
instrument. Specification III is the same as Specification I except that the first estimate is run as a Tobit and the second as a Tobit 
with actual class size replaced by predicted class size.

Robust t-statistics (White 1980), and degrees o f  freedom o f  test statistics, are shown in parentheses
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T a b l e  II.7

OLS AND IV R e s u l t s  u s in g  P e r c e n t il e  a s  d e p e n d e n t  v a r ia b l e

Specification I 

OLS IV

Spec II 

OLS IV

Specification III

Actual 
class size

Predicted 
class size

Class size coefficient -0.0359 -1.0176 -0.0628 -1.089 -0.0014 -0.0282

T-statistic on class size coefficient (-0.659) (-2.963) (-1.064) (-2.930) (-0.622) (-2.201)

Sample Size 11057 11057 11033 10033 10057 11057

R-squared 0.249 0.226 0.270 0.248 - -

P-value (joint significance o f  all coefficients) 0.000 0.000 0.000 0.000 0.000 0.000

R-squared (first stage regression) 0.370 0.433 0.370

F-test (joint significance o f  instruments in first 
stage regressions)

137.37 
F(2, 11000)

92.42  
F(3, 9839)

137.37 
F(2, 11000)

P-value (joint significance o f  instruments) 0.000 0.000 0.000

Sargan statistic (overidentification test) 1.180

%=(1)

1.053
%'(2)

-

P-value o f  Sargan statistic 0.277 0.591 -

T-statistic (exogeneity o f  class size) 2.926 2.825 2.960

Notes: Dependent variable is normalized reading 
schools, in classes o f  between 20 and 45 students.

score at age 7. Sample restricted to students in state infant and combined

Specification I is the same as in Table II. 5, using two interaction terms between school size and school type as instruments; 
Specification II includes a set o f  LEA dummies as explanatory variables, and average LEA pupil-teacher ratio as an additional 
instrument. Specification III is the same as Specification I except that the first estimate is run as a Tobit and the second as a Tobit 
with actual class size replaced by predicted class size.

Robust t-statistics (White 1980), and degrees o f  fi-eedom o f  test statistics, are shown in parentheses
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T a b l e  II .8

M a t h e m a t ic s  S c o r e s : OLS a n d  IV r e s u l t s

Specification I Spec II

OLS IV OLS IV

Class size coefficient 0.0002 0.0040 -0.0000 -0.0035

T-statistic on class size coefficient (0.105) (0.328) (-0.012) (0.253)

Sample Size 11032 11032 10012 10012

R-squared 0.132 0.132 0.155 0.155

P-value (joint significance o f  all coefficients) 0.0000 0.0000 0.0000 0.0000

R-squared (first stage regression) 0.370 0.434

F-test (joint significance o f  instruments in first 
stage regressions)

F(2, 10975) 
= 136.39

F(3, 9818) 
= 92.09

P-value (joint significance o f  instruments) 0.0000 0.0000

Sargan statistic (overidentification test) 6.1600

%:(!)

6.6878
%'(2)

P-value o f  Sargan statistic 0.013 0.010

T-statistic (exogeneity o f  class size) -0.385 0.207

Notes: Dependent variable is normalized mathematics score at age 7, Sample restricted to students in 
state infant and combined schools, in classes o f  between 20 and 45 students.

Specifications I and II are the same as in Table II.6. Specification I uses two interaction terms 
between school size and school type as instruments; Specification II includes a set o f  LEA dummies 
as explanatory variables, and average LEA pupil-teacher ratio as an additional instrument.

Robust t-statistics (White 1980), and degrees o f  freedom o f  test statistics, are shown in parentheses
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These estimates of the effect of class size (0.288 standard deviations for a reduction 

in class size of 8 pupils) do appear to be rather large. However, they are certainly in 

the same ball park as results from other research. For a reduction of on average 8 

students per class, Krueger (1999) suggests effect sizes of 0.20, 0.28, 0.22 and 0.19 

standard deviations in kindergarten, first grade, second grade and third grade 

respectively. Angrist and Lavy (1999) suggest a slightly smaller effect size of 0.18 

standard deviations for fifth graders, and an effect size about half this size for fourth 

graders. In other words, the estimates shown in Table II.5 are towards the high end of 

what others have found, but are by no means outlandishly large.

Table II.6 presents results from two further specifications; both give similar results in 

terms of the estimated effect of class size. The second specification (including a set 

of local authority dummies plus LEA average pupil teacher ratios as an extra 

instrument for class size) yields an almost identical coefficient on class size. The 

third specification is a Tobit regression intended to allow for a clustering of high 

values in the reading test scores*" ;̂ again, the simple Tobit model shows no 

association between class sizes and student outcomes, while the same model using 

predicted rather than actual class size yields a significant negative coefficient. As a 

further check that these results are not an artefact of the distribution of test scores. 

Table 11.7 estimates the same equations using percentile scores rather than 

normalised test scores, and yields very similar estimates.

A range of test statistics are shown at the bottom of Table II.6 and 7. R-squared 

statistics for first-stage regressions range fi’om 0.37 to 0.43. The F-tests for the joint

See Appendix for test score distributions
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significance of instruments in first-stage regressions, asymptotically distributed as 

F(z, n-K) under the null hypothesis, indicate that the instruments are jointly 

significant, with P-values of 0.000 in all cases. The Sargan test, distributed under the 

null hypothesis as chi-squared with degrees of freedom equal to the number of 

overidentifying restrictions (here, the number of instruments minus the number of 

parameters to be instrumented), fails by a comfortable margin to reject the validity of 

the instruments. Finally, the t-statistic obtained by the “augmented OLS” procedure 

suggested by Davidson and McKinnon (1993), whereby the residuals from the first- 

stage IV regression are added to the standard OLS regression*^, rejects the 

exogeneity of the class size variable in all cases.

Turning now to the effects of class size on mathematics scores, a rather different 

story emerges. Results for two specifications corresponding exactly to the first two 

reported for reading scores are tabulated in Table II. 8 (no Tobit specification was 

necessary as the mathematics test scores follow a bell-shaped distribution). As 

before, under OLS no relationship is observable between class size and student 

attainment. However, in the case of mathematics scores, using the IV estimator 

makes no difference at all. No relationship between class size and attainment 

emerged under either specification. This is mirrored in the test statistics: although the 

instruments are jointly significant in the first-stage regressions, the Sargan test rejects 

the validity of the instruments, and the Davidson/McKinnon t-test fails to reject the 

exogeneity of class size.

And, under a procedure suggested by Smith and Blundell (1986), into the standard Tobit 
regression
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Why should this be? As Robertson and Symons (1996) note, it is a good deal harder 

to explain attainment in mathematics than in reading: the R-squared statistics when 

looking at mathematics scores are typically around half the size of those found when 

looking at reading scores. This may possibly be because mathematics ability is 

somehow more ‘innate’ than reading ability, which is more easily passed on either by 

a favourable home environment or by an effective school. However, this conflicts 

with the findings of Case and Deaton (1999), who find an effect on mathematics 

attainment from smaller classes around five times the size of the effect on reading 

attainment. However, it is interesting that Case and Deaton’s sample was a good deal 

older than the sample used here, and this raises the possibility of a slightly different 

explanation: although mathematical attainment may be no more ‘innate’ than reading 

or language attainment, it is possible that for the 7-year-old NCDS sample, school 

conditions, and in particular class sizes, had made a large impact on reading, but as 

yet only a small impact on mathematics. This would arise if much more attention was 

paid in the early years to language and correspondingly less to mathematics, or 

alternatively if mathematics at this stage of school was largely based around 

workbooks, with little teacher input of any type.

An alternative explanation is that the NCDS maths test administered at age 7 simply 

did not measure attainment in mathematics very well. This is supported by the 

finding that mathematics scores at ages 11 and 16 are much more closely associated 

with reading scores at age 7 than with mathematics scores at age 7.

Finally, it has been suggested that the difference in results for reading and 

mathematics has something to do with the different distribution of mathematics and
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reading test scores: for example, if most of the “action” were occurring in the lower 

portion of the distribution, this may generate a significant effect in the highly skewed 

distribution of reading scores, but not in the bell-shaped distribution of maths scores. 

However, experiments repeating the analysis using different parts of the distribution 

did not give any evidence to support the idea that the different results in maths and 

reading were driven by different test score distributions.

5.3 Testing for heterogeneous effects

Heterogeneity is investigated along four possible axes: whether the effects of class 

size differ between boys and girls; between those in more and less privileged social 

groups; and between children in different-sized families. Additionally, we investigate 

whether the effect of per-pupil reductions in class size are the same for large classes 

as for classes which are small to begin with.

Heterogeneous effects between groups is investigated by adding to the regressions an 

interaction term between the predicted class size variable and the variable of interest 

(e.g, class size * ‘girl’ dummy), and testing for the significance of this extra variable. 

This approach assumes that the first-stage regression equations and all coefficients 

except that on class size are identical between groups (for example, between boys 

and girls) and the only coefficient allowed to vary between groups is that on class 

size. This assumption is then relaxed by estimating separate IV regressions for the 

different groups (eg, for boys and girls) and testing whether the class size 

coefficients differ between the two regressions.
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To test whether the effect of class size is different at different levels o f class size, 

predicted class size is interacted with a dummy taking the value 1 if predicted class 

size is 30 or less; additionally, another specification is estimated with a quadratic 

term in predicted class size.

Results from the tests for heterogeneity are reported in Table II.9. These show no 

evidence at all of any heterogeneous effects. For both reading and mathematics 

scores, whether just one or all the coefficients are allowed to vary, for all the groups 

of interest, the class size coefficients are very close together for both groups, with no 

significant difference between them. The conclusion from this is that reducing class 

sizes has a significant effect on reading scores for all the groups we have examined, 

while there is no discernible effect for any group in terms of mathematics scores. In 

regard of mathematics attainment, there is no group for which a significant effect of 

class size is being masked by the lack of effect for another group.

Why should this lack of heterogeneity be observed in the NCDS when it was such a 

feature of the Project STAR findings? One reason may be that in 1960s Britain, 

inequality of opportunity did exist, but not to the extent that it did in Tennessee in the 

1980s. Alternatively, it may be that the level of inequality was just as high for the 

British sample, but not in a way which may be captured neatly by a single variable, 

such as ‘race’ in the STAR data.
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T a b l e  II.9 

T e s t i n g  f o r  h e t e r o g e n e o u s  e f f e c t s

Class size coefficient allowed to vary All coefficients allowed to vary

Interaction coeff. T-statistic Coefficient T-statistic

Reading Girl -0.0035 (-0.693) -0.0310 (-2.026)

(Boy) -0.0400 (-2.053)

Social class 1, 2 or 3 (non-manual) -0.0006 (-0.134) -0.0396 (-2.101)

(Social class 3 (manual), 4 or 5) -0.0349 (-2.291)

Family o f  3 or more children 0.0009 (1.393) -0.0377 (-2.084)

(Family o f 1 or 2 children) -0.0323 (-2.025)

Predicted class size is 30 or less 0.0028 (1.452)

Predicted class size -0.0776 (-1.574)

Predicted class size squared 0.0006 (0.864)

Maths Girl -0.0015 (-0.284) -0.0033 (-0.205)

(Boy) 0.0141 (0.742)

Social class 1 ,2  or 3 (non-manual) 0.0052 (0.869) 0.0135 (0.538)

(Social class 3 (manual), 4 or 5) 0.0020 (0.0139)

Family o f  3 or more children 0.0005 (0.523) -0.0168 (-0.981)

(Family o f 1 or 2 children) 0.0275 (1.500)

Predicted class size is 30 or less 0.0013 (0.631)

Predicted class size 0.0253 (0.492)

Predicted class size squared -0.0003 (-0.399)
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As well as finding no evidence for heterogeneity between groups, there is no 

evidence that the effect of reducing class size is stronger in one part of the range of 

class sizes than another. Neither the regression including an interaction effect, nor 

the regression including a quadratic term in predicted class size produces any 

significant results to suggest that reducing class size has a different effect according 

to whether classes are small or large to begin with.

5.4 Do the effects of smaller c la sses persist?

A further issue of interest from the policy perspective is whether or not the positive 

effects of being in a small class in infant school persist beyond the infant years. The 

Lasting Benefits Study (Nye et al., 1994), following up from Project STAR, found 

that the benefits of being in a small class in the early years persisted beyond 

elementary school into the first years of high school (no findings beyond this point 

have yet been reported). For the NCDS sample, the persistence (or otherwise) of the 

positive effect is estimated using OLS regressions, with test scores at age 11 and 16 

as the dependent variable. Three different specifications were tested. The first is a 

reduced form specification, using the same set of explanatory variables as the age 7 

regressions. All explanatory variables are measured at age 7 and no information after 

this age is included in the regression. A second specification includes a set of school- 

level explanatory variables measured at ages 11 and 16. A third specification 

includes test scores at age 7 as additional controls. All these specifications were 

tested firstly on the full sample, and then on the sample broken into the categories 

outlined in the previous section on heterogeneity.
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The sample is restricted to those who were in mainstream state schools in Waves 1 

and 2 (or Waves 1 and 3 for the age 16 regressions), and not in over-sized or under

sized classes. Additionally, it is restricted to children who remained in the same local 

education authority between the different waves, since this removes the need to 

control for two sets of fixed effects, as well as the possibility that ‘stayer’ and 

‘mover’ families may be different from one another.

Results from the third specification which includes test scores at age 7 as additional 

controls are not reported. Under this specification, the coefficients on both actual 

class size (under OLS) nor predicted class size (under two-stage least squares) are 

tiny in magnitude and insignificant, leading to the conclusion that any persistent 

effect from being in a smaller class may be completely explained by its effect on test 

scores at age 7, and that there is no discernible effect additional to this.
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T a b l e  11.10

Do THE EFFECTS OF CLASS SIZES PERSIST UNTIL AGE 11?

Reading Maths

Reduced With Wave 2Î Reduced With Wave 2
form controls form controls

All OLS 0.0001 -0.0004 0.0000 -0.0009
(0.0431) (-0.2119) (-0.0656) (-0.4839)

2SLS -0.0215 -0.0101 -0.0196 -0.0142
(-1.5256) (-0.7387) (-1.3179) (-1.0366)

Girls OLS -0.0006 -0.0013 -0.0030 -0.0035
(-0.2187) (-0.4744) (-0.9730) (-1.1824)

2SLS -0.0345 -0.0355 -0.0330 -0.0429
(-1.746) (-1.8227) (-1.5986) (-2.2009)

Boys OLS 0.0004 0.0002 0.0023 0.0012
(0.1104) (0.0744) (0.7111) (0.4063)

2SLS -0.0106 0.0155 -0.0076 0.0142
(-0.5274) (0.7801) (-0.3568) (0.7229)

Big family OLS 0.0023 0.0009 0.0022 0.0000

(3+ children) (0.7857) (0.3055) (0.7689) (-0.0013)

2SLS -0.0263 -0.0161 -0.0330 -0.0329
(-1.3767) (-0.8642) (-1.696) (-1.8161)

Small family OLS -0.0031 -0.0025 -0.0039 -0.0029

(1 or 2 children) (-0.9239) (-0.7602) (-1.0906) (-.8642)

2SLS -0.0182 -0.0084 -0.0043 0.0039
(-0.8494) (-0.4039) (-0.1898) (0.1830)

Social C lass I, II OLS -0.0009 -0.0021 -0.0011 -0.0028

and III (n/m ) (-0.3864) (-0.9001) (-0.4784) (-1.2468)

2SLS -0.0196 -0.0096 -0.0202 -0.0188
(-1.2008) (-0.6226) (-1.1973) (-1.2295)

Social Class I ll(m ), OLS 0.0054 0.0068 0.0030 0.0044

IV and V (1.1092) (1.4100) (0.5980) (0.9089)

2SLS -0.0247 -0.0085 -0.0174 0.0034

(-0.8944) (-0.2912) (-0.5591) (0.1140)

Notes: Figures reported are coefficients on class size (or predicted class size) from OLS and 2SLS
regressions with normalized reading and mathematics score at age 11 as dependent variable.
Robust T-statistics are in parentheses. Sample restricted to students in mainstream state schools,
in classes o f  between 20 and 45 students at Waves 1 and 2; and those who have not moved
between LE As between the two waves. For two-stage least squares, the predicted class size
variable is as calculated in the sample used in Tables II.5 and 11.6.
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Results at age 11 from the other two specifications are shown in Table 11.10. The 

table contains four columns of results: the first two from regressions with reading 

scores at age 11 as the dependent variable, and the other two from regressions with 

mathematics scores at age 11. For each subsample, the coefficient on the class size 

variable is shown for OLS and two-stage least squares regressions. A general feature 

of these results is that under OLS the coefficient on class size is always close to zero 

and never significant, while for several groups under two-stage least squares, the 

coefficient is negative, much larger in magnitude, and in some of the regressions, 

significant at the 10% or even the 5% level. The groups for whom class size at age 7 

has an effect which persists until age 11 are girls (for whom the coefficients on 

reading scores are negative and significant at the 10% level, and for whom the 

coefficient on mathematics score is significant at the 5% level in the specification 

including Wave 2 controls); and children from larger families, for whom the 

coefficients on mathematics scores are negative and significant at the 10% level. At 

the time, these might be thought of as having been ‘disadvantaged’ groups; 

interestingly, though, the effect of small class sizes does not appear to persist for 

members of the other ‘disadvantaged’ group, namely children from the lower socio

economic classes.

The size of the coefficients for the groups where persistence is evident is between - 

0.03 and -0.04, similar to the size of coefficients in the regressions for age 7, but if 

anything slightly larger. Hence, for the girls and for children with two or more 

siblings in this sample, a reduction in class size by eight students at age 7 would be 

associated with an increased performance in test scores at 11 of between 0.24 and 

0.32 standard errors.

53



Chapter II C lass S ize  in the Early Years

The analysis just discussed was repeated to examine the relationship between class 

size at age 7 and test scores at age 16. In some ways, a similar pattern is visible: 

namely, that under OLS the coefficient on class size tends to be small and 

insignificant, and is usually positive, whereas under two-stage least squares the 

coefficient is more often negative and larger. However, even under 2SLS, the effect 

is never significant. Perhaps this is due to the smaller sample sizes in these 

regressions; perhaps it is due to the greater time lag; or perhaps the effects of small 

infant class sizes really do not persist until age 16.

CONCLUSIONS

This paper has estimated the effects of class size on student test scores, using as an 

exogenous instrument for class size the interaction between school size and school type, 

thus fi*eeing the estimates of bias arising fi’om the redistributive allocation of educational 

resources faced by the children in this sample.

OLS estimates of the relationship between class size and student attainment have tended 

to yield insignificant and/or ‘wrongly’-signed estimates of the effect of class size. 

However, the instrumental variables estimates obtained in this paper indicate that when 

endogeneity of class size is accounted for, class size in the early years is strongly related 

to children’s test scores in reading. Estimated effect sizes are around 0.288 standard 

deviations for a reduction in class size of 8 pupils, and these are comparable with the 

results found by Finn and Achilles (1990), Angrist and Lavy (1999), and Krueger 

(1999).
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Rather surprisingly, class size was not found to have a significant effect on mathematics 

scores. This runs counter to the findings of Case and Deaton (1999), who find an effect 

of educational resources on mathematics attainment around five times bigger than the 

effect on literacy attainment. Possible explanations are firstly that it is simply more 

difficult to explain attainment in mathematics than in reading, and that mathematics 

ability is somehow more ‘innate’ than reading ability; alternatively, it is possible that the 

mathematics test administered to the NCDS cohort at age 7 was simply not a particularly 

good measure of attainment in mathematics.

Another surprising finding is that there is no evidence of heterogeneous effects of class 

size between different groups of children: the effect of class size on reading scores 

appears to be slightly larger for girls than for boys, but this difference is not significant, 

and neither is there any significant difference between effect sizes for children fi-om 

more and less advantaged groups. This is particularly interesting because Project STAR 

found a great deal of heterogeneity between groups, with Black children and those firom 

inner cities benefiting more fi"om smaller classes than other children. The apparent lack 

of heterogeneity in the NCDS sample may be because children in 1960s Britain faced a 

lower level of inequality than the Project STAR children from Tennessee in the 1980s; it 

may also be because social advantage and disadvantage cannot be captured neatly by a 

simple combination of variables for the NCDS children, whereas it is captured well by 

the ‘race’ variable for the Project STAR children.

Finally, the beneficial effects of smaller classes were found to persist through to age 11 

for certain groups of children: girls, and children fi*om larger families. It is difficult to 

extrapolate fi*om these findings to make inferences about the effects of current practices.
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In the 1960s the groups for whom small classes had a persistent effect could be thought 

of as ‘disadvantaged’ groups; in particular, there was a good deal of educational debate 

about the attainment of girls. At the time of writing, girls are no longer seen as being at a 

disadvantage in primary school, and because of this it is not clear whether the effect of 

smaller classes would still be persistent for girls but not for boys.

In terms of policy, this paper makes one clear prediction: if money is spent to reduce 

infant class sizes, then children’s attainment in reading will improve. The Government 

has already gone some way towards its stated aim of reducing class sizes to a maximum 

of 30; however, the beneficial effect of reducing class sizes is not confined to cutting 

very large classes down to 30, but would continue if classes were cut to below 30.

Although this paper makes clear predictions that cutting infant class sizes further, to 

below 30, would improve students’ attainment, it is not my intention to say whether this 

would be a good use of public money or not: there may be other, more important, uses to 

which the available money could be put. This is a point made repeatedly by academics 

opposed to increasing educational investment, including Slavin (1980), Hanushek 

(1995), Prais (1996) and Pelzman (1997). Pelzman uses some ‘back-of-the-envelope 

analysis’ to argue that even if Card and Krueger’s best estimates of the effect of school 

resources on earnings were correct, it would be a bad investment to increase educational 

expenditures, and the government would do better to reduce expenditures and hand out 

government bonds to students instead. A more rigorous cost-benefit analysis might also 

focus on the social benefits of improved schooling, as well as the private rate of return to 

schooling, and may come to a different conclusion altogether.
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Of course, such a cost-benefit analysis lies well outside the scope of this paper. The 

purpose of this paper was to estimate the effects of class size on student attainment, and 

to free the estimates as much as possible from the confounding effects of compensatory 

resource allocation mechanisms. Having done this, the findings of this paper may be 

added to the growing pool of evidence that once the allocation of educational resources 

is properly controlled for, small classes really do have benefits in terms of educational 

outcomes.
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APPENDIX

T a b l e  II.A1 D e s c r i p t i v e  s t a t i s t i c s

Mean S.D. Min Max

Dependent Variables
Normalised reading score at age 7 0 1 -3.453 0.933
Normalised maths score at age 7 0 1 -2.114 1.966

School Characteristics
Class size 36.075 5.433 20 45
Number on school roll 249.783 112.372 20 948
Infant school dummy 0.578 0.494 0 1
Class formation: Top stream 0.038 0.191 0 1

Middle stream 0.017 0.129 0 1
Bottom stream 0.021 0.143 0 1
Family Grouping 0.048 0.214 0 1
All infants in one 0.036 0.187 0 1

class
School has nursery 0.092 0.289 0 1

class
% of parents in social class I and II in 23.631 18.034 0 100

class
% of parents in social class V in class 21.635 16.601 0 100
% of sessions absent this year 8.635 9.853 0 100

Family Variables: Early History
Female Child 0.489 0.500 0 1
Multiple birth indicator 0.024 0.152 0 1
Child breastfed after age 1 0.427 0.495 0 1
Age mother left education 14.864 1.264 12 23
Age father left education 14.915 1.755 12 23

Parental and Family Characteristics
Father’s social class: I 0.045 0.208 0 1

II 0.127 0.333 0 1
III (non-manual) 0.098 0.297 0 1
III (manual) 0.436 0.496 0 1
IV 0.165 0.371 0 1

Number of children in household 3.107 1.644 1 14
Child ever in care? 0.019 0.137 0 1
Family are owner occupiers 0.422 0.494 0 1

.continued
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T a b l e  II. A1 (c o n t in u e d ) D e s c r ip t iv e  s t a t is t ic s

Parental aspirations
Parents want child to stay on at school 0.787 0.409 0 1
Teacher’s assessment: Mother’s 1.106 0.765 0 2

interest (0-2)
Teacher’s assessment: Father’s 0.699 0.827 0 2

interest (0-2)

Variables from medical questionnaire
Child’s height (inches) 48.201 2.281 37 61
Child’s head circumference (inches) 20.874 0.686 16 30

Area Dummies
School in Wales 0.058 0.234 0 1
School in Inner London 0.050 0.218 0 1

Class Size Instruments
Infant school * school roll 131.465 130.247 0 574
Combined school * school roll squared 115.496 161.512 0 948
Pupil teacher ratio in LEA (10036 28.608 1.717 17.6 37/

observations)

Notes: Sample includes 11057 children in mainstream state schools with over 20 
pupils, in classes of between 20 and 45. Statistics are for the sample used for 
regressions in Table II.5; statistics for other samples may vary slightly.
To preserve sample sizes, dummy variables were created to indicate missing values in 
the data. The means given here are for non-missing values.
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T a b l e  II.A 2  F i r s t -s t a g e  r e g r e s s io n s

Exogenous Instruments
Infant School x School Roll 0.005 (1.50)
Combined School x  School rolP (coef. * 1000) 0.004 (6.32)

School Characteristics
Number on school roll 0.062 (38.18)
School roll squared (coefficient * 1000) -0.000 (-18.45)
Infant school dummy 3.695 (8.77)
Class formation: Top stream 0.683 (3.14)

Middle stream -0.632 (-1.96)
Bottom stream -4.275 (-14.63)
Family Grouping -0.788 (-4.03)
All infants in one class -0.665 (-2.51)
School has nursery class -0.735 (-4.94)

% o f  parents in social class I and II in class 0.014 (4.99)
% o f  parents in social class V in class 0.005 (1.73)
% o f  sessions absent this year -0.002 (-0.55)

Family Variables: Early History
Female Child 0.202 (2.37)
Multiple birth indicator 0.366 (1.34)
Child breastfed afler age 1 0.056 (0.55)
Age mother left education -0.048 (-1.26)
Age father left education -0.073 (-2.37)

Parental and Family Characteristics
Father’s social class: I 0.476 (1.65)

11 0.076 (0.34)
III (non-manual) 0.095 (0.42)
III (manual) 0.007 (0.04)
IV 0.092 (0.45)

Number o f  children in household -0.001 (-0.05)
Child ever in care? -0.770 (-2.46)
Family are owner occupiers 0.135 (1.43)

Parental aspirations
Parents want child to stay on at school 0.444 (2.04)
Teacher’s assessment: Mother’s interest (0-2) 0.004 (0.04)
Teacher’s assessment: Father’s interest (0-2) 0.227 (2.21)

Variables from medical questionnaire
Child’s height (inches) -0.043 (-2.24)
Child’s head circumference (inches) -0.167 (-0.14)
Head circumference squared 0.006 (0.21)

Area Dummies
School in Wales -2.387 (-13.27)
School in Inner London 0.285 (1.43)

Observations 11057
Adjusted R-squared 0.3663
P-value (joint significance o f  all regressors) 0.0000

Notes: These are the first-stage regressions corresponding to Table II.5 in the 
text. First-stage regressions for the other tables are very similar, but not 
identical owing to small differences between the samples. H ie sample includes 
children in mainstream state schools with over 20 pupils, in classes o f  between 
20 and 45. The dependent variable is class size at age 7.
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T a b l e  II. A 3

Do THE EFFECTS OF CLASS SIZE PERSIST UNTIL AGE 16?

Reading Maths

Reduced
form

With Wave 3 
controls

Reduced
form

With Wave 3 
controls

All OLS 0.0031 0.0018 -0.0011 -0.0009
(1.1119) (0.7576) (-0.4222) (-0.4575)

2SLS -0.0006 -0.0102 -0.0002 -0.0082

(-0.0429) (-0.7774) (-0.0164) (-0.5788)

Girls OLS 0.0000 0.0003 -0.0058 -0.0022
(-0.0106) (0.0813) (-1.5351) (-0.7303)

2SLS -0.0176 -0.0220 0.0035 0.0094
(-0.7763) (-1.1139) (0.1439) (0.4531)

Boys OLS 0.0059 0.0034 0.0040 0.0006
(1.4655) (0.9616) (1.0191) (0.1786)

2SLS 0.0112 -0.0030 -0.0012 -0.0239
(0.5231) (-0.1629) (-0.0555) (-1.2458)

Big family OLS 0.0060 0.0028 -0.0011 -0.0011

(3+ children) (1.6799) (0.8282) (-0.3562) (-0.4151)

2SLS -0.0023 -0.0053 0.0005 -0.0136
(-0.1282) (-0.3121) (0.0252) (-0.727)

Sm all family OLS -0.0015 0.0006 -0.0012 -0.0013

(1 or 2 children) (-0.3811) (0.1813) (-0.2795) (-0.4014)

2SLS 0.0125 -0.0073 0.0096 0.009

(0.4730) (-0.3449) (0.3380) (0.4019)

Notes: Figures reported are coefficients on class size (or predicted class size) from OLS and 2SLS
regressions with normalized reading and mathematics score at age 11 as dependent variable.
Robust T-statistics are in parentheses. Sample restricted to students in mainstream state schools,
in classes o f  between 20 and 45 students at Waves 1 and 2; and those who have not moved
between LEAs between the two waves. For two-stage least squares, the predicted class size
variable is as calculated in the sample used in Tables II.5 and II.6.
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T a b l e  II.A3 ( c o n t i n u e d )

Do THE EFFECTS OF CLASS SIZE PERSIST UNTIL AGE 16?

Reading Maths

Reduced
form

With Wave 3 
controls

Reduced
form

With Wave 3 
controls

Social Class I, II 

and III (n/m)

OLS 0.0030

(0.9483)

0.0021

(0.7422)

-0.0022

(-0.7585)
-0.0014

(-0.6098)

2SLS -0.0042 -0.0074 -0.0010 -0.0024
(-0.2370) (-0.4815) (-0.0602) (-0.1565)

Social Class Ill(m ), 

IV and V

OLS 0.0015

(0.3175)

-0.0007

(-0.1783)

0.0041

(0.6102)
0.0002

(0.0272)

2SLS 0.0069 -0.0210 0.0016 -0.0337
(0.2528) (-0.8912) (0.0413) (-1.0494)

Notes: Figures reported are coefficients on class size (or predicted class size) from OLS and 2SLS 
regressions with normalized reading and mathematics score at age 11 as dependent variable. 
Robust T-statistics are in parentheses. Sample restricted to students in mainstream state schools, 
in classes o f  between 20 and 45 students at Waves 1 and 2; and those who have not moved 
between LEAs between the two waves. For two-stage least squares, the predicted class size 
variable is as calculated in the sample used in Tables II.5 and 11.6.
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INTRODUCTION

This study focuses on the relationship between the structure of the family within 

which a child grows up, and later educational outcomes, using the National Child 

Development Study, a sample of young British people bom in March 1958. In the 

US, this subject has been studied in some detail: Hanushek (1992), Kuo and Hauser

(1997) Kessler (1991) and Behrman and Taubman (1986) study the effects of family 

size and birth order; Powell and Steelman (1990 and 1993) examine the effects of 

sibling spacing; and Butcher and Case (1994), Kaestner (1996), Hauser and Kuo

(1998) and Powell and Steelman (1989) investigate the effect of the sex composition 

of siblings. In Britain, certain areas have been extensively researched: it is clear from 

numerous studies that children from larger families do worse in terms of 

educational outcomes than children from smaller families; however, the relationship 

between birth order and educational outcomes is less clear; and no study to date in 

the UK has attempted a comprehensive analysis of the effects of family stmcture 

which properly separates out the effects of sibship size and birth order.

There are good reasons why this issue should be studied using British data, rather 

than assuming that findings from other countries will apply in the UK. The effects of 

sibship structure may vary a great deal between countries: for example, higher 

education has been accessible in Britain at much lower cost to the family than in the 

US; thus, theory would predict that in terms of access to university education.

16 See, for example, Ermisch and Francesconi (2000); Dearden (1998); Robertson and 
Symons (1996), Prosser, (1977).
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children from large families would be at less of a disadvantage in Britain than in the 

US.

Of course, there are fundamental difficulties in attempting to estimate the effects of 

many aspects of sibship structure on children’s outcomes. Family size is linked so 

strongly with socio-economic background that it is difficult if  not impossible to 

completely disentangle the effects of family size from other variables. However, this 

does not mean that research in this area is not important or potentially fruitful. As 

Blake (1981) argues, most of the factors which influence children’s success (parents’ 

social class, parents’ education and so on) are in large part fixed once parents have 

started their families; completed family size, on the other hand, is a variable which 

(in theory at least) may have a large effect on children’s attainment, and which may 

still be influenced by social policy at a relatively late stage in parents’ lives. 

Therefore, although our best estimates of the effects of family size on children’s 

attainment may not be perfectly ‘clean’, they are nevertheless interesting from the 

perspective of social policy.

In the attempt to obtain estimates of the effect of family size uncontaminated by the 

effects of parental characteristics, one approach is to use exogenous fertility events 

such as the birth of twins, unplanned pregnancy, or secondary infertility. The NCDS 

data does not permit this approach, since it contains no suitable identifying 

information; however, the data set is ideally suited to an alternative approach, similar 

to the ‘matching’ approach described by Blundell et al (1997), where the effects of
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parental background may be to a certain extent ‘washed out’ by controlling for as 

wide as possible a range of background characteristics.

This paper also investigates the relationship between birth order and children’s 

outcomes separately from the effect of family size; and examines whether these 

effects vary over a child’s educational career, as has been suggested by Zajonc et al. 

(1979). This is possible thanks to the longitudinal nature of the NCDS, which 

provides details of children’s test scores in mathematics and reading at ages 7,11 and 

16, as well as summative measures of educational attainment at ages 16 and 23.

Research on the effect of sibship size and position has been based on a theory of the 

allocation of parental resources, as presented in Becker (1981), Becker and Tomes 

(1976), Becker and Lewis (1973) and Leibowitz (1974). Under this model, parents’ 

decisions about the level of resources they allocate to their children arise from the 

maximization of a household utility function, in which parents care about the future 

incomes (or utility) of their offspring; inherent in these models is a trade-off between 

the number of children and the average ‘quality’ of children in a family. This paper 

follows Hanushek (1992) in embedding this model within a more general model of 

educational attainment. Hanushek specifies an educational production function where 

children’s attainments depend on inputs from parents, the school and other 

exogenous factors; this paper extends this by allowing inputs from other children to 

enter the educational production function. Several researchers in the field of 

psychology and child development (Blake 1981; Claudy et al. 1979; Falbo 1977 and 

1978; Zajonc et al. 1979) have argued that inputs from siblings play an important
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part in children’s cognitive development, but this idea has not so far been 

incorporated into education production functions in the economics literature. In this 

paper, the hypothesis that inputs from siblings affect children’s development is 

supported by the finding that ‘only’ children who have regular contact with children 

outside their families are at less of a disadvantage educationally than ‘only’ children 

who do not.

Throughout the paper, the terms ‘family size’ ‘sibship’ and ‘sibship size’ are used 

more or less interchangeably, and refer to the total number of children in the study 

child’s family, including the study child herself. The terms ‘sibship structure’ and 

‘family structure’ refer to the combination of sibship size and the child’s position in 

the birth order.

CONCEPTUALISING THE EFFECTS OF SIBLINGS

The relationship between sibship structure and educational attainment has been 

differently modelled in different areas of the social science literature. All models are 

able to explain the stylized facts that children’s attainment declines as the number of 

siblings increases, and the (not undisputed) fact that later-born children perform less 

well than their earlier-born siblings.

The ‘confluence’ model, developed in the psychological literature by Zajonc and 

Markus (1975), Zajonc, Markus and Markus (1979) and Zajonc and Mulally (1997), 

conceptualizes the family’s ‘intellectual environment’ as a weighted average of the
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mental ages of all members of the family. Thus, the model predicts that the larger the 

number of children, the lower the average mental age of the family, and the poorer 

the intellectual development of the children. The model also predicts that closely- 

spaced children suffer relative to more widely-spaced children; additionally, Zajonc 

et al (1979) hypothesize that children benefit from having a younger sibling to teach, 

so youngest and ‘only’ children are disadvantaged by having no younger sibling.

The ‘resource dilution’ model used in the sociological literature (van Ejick and de 

Graaf 1995; Powell and Steelman 1990) argues that children’s attainments depend on 

inputs of time and money from their parents: the more children there are in the 

family, the less of both inputs there are for each child, and children’s development 

suffers accordingly. As well as predicting that children from large families will do 

worse than those from smaller families, it also predicts that closely-spaced children 

will do worse than more widely-spaced children; and that younger children (who 

have never had their parents to themselves) will do less well than their older siblings 

(who have had their parents to themselves for at least some of their lives). However, 

the youngest siblings in large families (who have their parents to themselves again in 

their teenage years after older siblings have left home; and who may benefit from the 

improved financial position of the family in the presence of resource constraints) 

may do better than middle siblings, and possibly even better than first-born siblings, 

in large families.

The models of the parental allocation of time used by economists (Becker 1981; 

Behrman, Poliak and Taubman 1982; Becker and Tomes 1986) are based on the
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same idea as the ‘resource dilution’ model -  that there is less to ‘go round’ in a large 

family - but they are embedded within a more formal framework, in which parents 

care about the number and ‘quality’ (measured as future income, utility or 

educational attainment) of their children, and make decisions about their investments 

into their children via a process of utility maximization within the family. Inherent in 

these models is a trade-off between the quantity and ‘quality’ of children: the more 

children parents have, the lower their average ‘quality’ will be.

The ‘quantity/quality’ relationship will be mediated by the way in which child 

quality enters into the parental utility function. Becker and Tomes (1976) and 

Behrman, Poliak and Taubman (1982) refer to three possible maximization 

strategies. Under nondiscriminatory time allocation, parents allocate the same 

amount of time to each child regardless of that child’s productivity. As the number of 

children increases, the amount of resources parents expend on each child will fall -  

and this amount will not depend on the characteristics of the child or its siblings. If 

(as Becker and Tomes conclude is most likely) parents pursue an achievement 

maximization strategy, they will concentrate their resources on the most productive 

child. Under this strategy, an additional child in the family will mean all children will 

receive less resources, but the addition of a more able sibling will have more 

deleterious effects. Finally, parents may prefer their offspring to have equal 

outcomes, in which case they will pursue compensatory resource allocation. In this 

case, more resources go to those children whose productivity is lowest -  again, the 

addition of any sibling will reduce inputs, but this time the addition of a less able 

sibling will have more deleterious effects.
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These different strategies have implications for the allocation of resources between 

more and less able siblings, but also for the allocation of resources between male and 

female children in the family, since male children may be thought o f as more 

‘productive’ in terms of the wages they will later command.

The effects of these resource allocation strategies also depend on how far the 

family’s liquidity is constrained. In the absence of borrowing constraints, parents will 

invest in children until the rate of return to their investment is equal to the rate of 

interest. Where there are borrowing constraints, even if parents prefer to equalize 

outcomes between their children, they will invest more in their more able children. 

Additionally, in the presence of borrowing constraints, youngest children in a family 

may benefit, since their parents may be better-off during the time when they are in 

need of financial resources (Kessler, 1991, Oppenheimer 1974). Parents’ capacity to 

borrow may also affect the amount of time their children are given: parents have only 

a limited amount of time to give their children, but they may buy inputs of time from 

other adults. In the absence of borrowing constraints, they will be able to buy most 

time when it is needed most -  when the largest number of children are competing for 

resources. Thus, birth order effects may be less obvious in families with fewer 

borrowing constraints.

Finally, the way in which parents give time to their children matters. Hill and 

Stafford (1974) refer to the concept of ‘public’ and ‘private’ time. Some parent-child 

interactions, such as helping with homework, may be considered as ‘private’ time in 

that they benefit one child and have no spill-over effect to other siblings. Other
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interactions (such as activities en famille, or the transmission of ethics and values) 

may be considered as ‘public’ time, in that they benefit all siblings equally and the 

addition of another child does not decrease the benefits accruing to each child. As 

additional siblings are bom, parents may choose to substitute public time for private 

time, which may mitigate the loss of parental inputs felt by children as new siblings 

are added to the family.

3 EMPIRICAL FRAMEWORK FOR ESTIMATION

Along the lines proposed by Hanushek (1992) an education production function is 

estimated of the form

where A  denotes the attainment of student i at time /; F  is a vector of inputs from the 

family; S  denotes inputs from schools; and X  denotes other exogenous inputs. In 

Hanushek (1992) and in the first part of this paper, the inputs in F  come from the 

child’s parents rather than his or her siblings, but in Section 5.3 F  is re-defined to 

include inputs from other children.

In the model above, F, S  and X  refer to cumulative inputs over the life of the child. 

Hanushek mainly uses a value-added specification, of the form
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on the grounds that in this specification, it is only necessary to include inputs in the 

time between t* and t on the right hand side of the equation, rather than the entire 

past history of inputs. However, in this paper the first specification is used, since a 

large amount of data over the life of the child is available; and since the points of 

observation are such that many children do not experience any change in their 

number of siblings between t* and t.

How should family composition enter the function? Many studies have used 

specifications which (a) restrict the effects of family size and birth order to be linear; 

and (b) which confound the effects of family size and birth order. Both of these are 

potentially serious deficiencies.

Economic theory predicts that the effect of family size is likely to be non-linear, 

since with the birth of a new sibling, a child who already has several siblings will 

lose less in the way of inputs than a child with fewer siblings to start v^th. How this 

impacts on attainment will depend on the shape of the education production function; 

but there is no reason to suspect a priori that the relationship between family size and 

attainment will be linear. Additionally, according to the arguments put forward by 

Zajonc (1979) and others, a non-linearity may be expected between family sizes of 

one and two. As discussed in Section 2, theory also predicts that the relationship
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between birth order and outcomes may be non-linear. Therefore, it is crucial that any 

specification should allow for non-linear effects of family size and birth order.

The problem of confounding birth order and family size is discussed by Kessler 

(1991), who criticizes the use of specifications which do not allow these two effects 

to be separately estimated. For example, if birth order is specified using a variable 

taking the value 1 for a first-born, 2 for a second-bom and so on, then a birth order of 

(say) five can only occur in a family of five or more; the effects of family size and 

birth order are clearly conflated and impossible to separate, even if family size is 

separately controlled for. This is also the case where researchers have attempted to 

control for birth order by including variables for the number of older siblings and the 

number of younger siblings.

The following strategy is therefore adopted. Children living in families with nine or 

more children (around 1% of the sample) are excluded from the analysis. Dummy 

variables (n=2, n=3, etc) are included to pick up the effects of living in a family of 

two to eight children, with the only child as the omitted reference category.

The measure of sibship size used is the number of siblings present when the study 

child was aged seven. Siblings bom after this age are entered into regressions 

separately, since being further from the study child in age, they may have a different 

effect on his or her performance than siblings who were in the household (and 

competing for resources) when he or she was younger. For outcome measures at age 

16 or over, new siblings bom when the child was aged between 7 and 11, and those
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bom between ages 11 and 16, were entered separately: however, the two variables 

yielded virtually identical coefficients, so they were replaced by a single variable 

indicating the number of new siblings bom between age 7 and 16.

To p k k ^p the effecti f  birth order, the following set of dummy variables is used:

- Younger of 2 children
- Middle of 3 children
- Youngest of 3 children
- Middle of 4 children
- Youngest of 4 children
- Middle of 5 children
- Youngest of 5 children
- Middle of 6 or more children
- Youngest of 6 or more children

These variables pick up the effect of being a middle or youngest child in a family of 

a given size, relative to being the eldest child in the same size family. A more 

parsimonious specification is not possible without confounding the effects of family 

size and birth order. Even the not particularly parsimonious specification used here 

confounds family size and birth order for sibships of six and over, since families of 

eight children have proportionately more middle children and fewer youngest 

children, than families of six children. Therefore, the estimated effect of being a 

middle child in a family of six or more children will be biased downwards, and the 

effect of being a youngest child will be biased upwards. For smaller families, 

however, the effects of family size and birth order are properly separated.

In terms of outcome measures, this paper takes advantage of the fact that data on 

NCDS children was collected at several points in their lives. In all, ten measures of
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educational outcomes are used: test scores in reading and mathematics at ages 7, 11 

and 16; measures of the child’s highest attainment level in public examinations (‘O’ 

levels) in English and Mathematics at age 16; the total number of ‘O’ levels passed at 

age 16; and a measure of the highest qualification achieved by age 23.

Using several different measures of outcome, it is possible (a) to assess whether 

one’s findings are reasonably consistent and robust, (b) to investigate whether the 

effects of family size vary over the child’s life, and (c) to investigate whether sibship 

structure has different effects on different aspects of a child’s development.

All outcome measures have been standardised to have a mean of zero and a standard 

deviation ofj^ne, so that the coefficients in OLS regressions all have the same 

interpretation (namely, the change in outcome associated with a one-unit change in 

the input concerned, measured in units of one standard deviation). For some outcome 

measures, an alternative to OLS is preferable (for example, the high proportion of 

students with no ‘O’ level passes means that Tobit is preferable to OLS when 

estimating the determinants of success in these exams; an ordered probit or logit 

would be preferable when estimating the determinants of the highest qualification at 

age 23, since this is an ordinal measure ranging from 1 (no qualifications) to 7 

(degree-level qualifications). Tobit estimates may easily be compared with OLS 

estimates; however, this is not the case with estimates from an ordered logit or probit 

regression, and therefore OLS has been used on a normalized ‘highest qualification’ 

variable, with some sacrifice of econometric purity. Summary statistics for all the 

outcome measures, plus graphs of their distributions, are given in the Appendix.
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Additionally, the Appendix gives estimates of the effects of family size and birth 

order on the probability of children gaining ‘O’ level passes in English and 

Mathematics, and gaining a degree, i.e. of regressions on a non-standardised 

dependent variable.

Three specifications are estimated. In the first specification, only sibship variables 

and gender are included: this specification gives reduced form estimates of the 

relationship between family structure and outcomes. The second specification 

includes a set of ‘standard’ controls commonly considered to be the most important 

features of family background: parents’ age, education and social class at the child’s 

birth. A series of variables is also included indicating whether the child was bom into 

a non-intact family, or whether the family split up between birth and 7, 7 and 11, or 

11 and 16. The third specification includes controls for a wide range of background 

characteristics, including measures of parents’ human capital, financial resources, 

and inputs given to the child from parents and school. This specification attempts to 

come as close as possible to estimating the effect of family size net of the effects of 

family background. Descriptions of the variables included in this specification are 

given in the Appendix.
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4 DATA: THE NCDS.

This paper uses data from the National Child Development Study (NCDS). This is a 

longitudinal study which takes as its subjects all children bom in the week of 3rd - 

9th March 1958. It was originally conceived as a one-off perinatal mortality study, 

and the first wave of data, collected shortly after the subjects’ birth, contains detailed 

medical and socioeconomic histories of their families.

T a b l e  I I I . l

I n f o r m a t i o n  a n d  S a m p l e  S i z e s  f o r  w a v e s  0-3 o f  NCDS

Age Number o f  
Observations

Areas covered

Perinatal Mortality Survey Birth 18553 Maternal health, 
parental characteristics, 
perinatal medical details

1®‘ Follow-up (wave 1) 7 14395 Parental characteristics 
School characteristics 
Medical examination 
Test scores

2"** follow-up (wave 2) 11 13654 Parental characteristics 
School characteristics 
Medical examination 
Test scores

follow-up (wave 3) 16 11502 Parental characteristics 
School characteristics 
Medical examination 
Test scores 
Individual interview

4* follow-up (wave 4) 23 12230 Employment history 
Fertility history 
Educational attainment 
Housing and health

5*** follow-up (wave 5) 33 9512 Employment history 
Fertility history 
Educational attainment 
Housing and health

Note: Sample sizes given refer to the number o f  individuals with non-missing data on number o f  
siblings and at least one non-missing outcome variable for that wave.
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Five follow-up studies were carried out when the cohort was aged 7 ,11,16, 23 and 33. 

The studies at ages 7, 11 and 16 contain information on educational attainment, 

schooling, health, and family circumstances. Those at ages 23 and 33 give a detailed 

account of the subjects’ health, labour market behaviour and family situation since age 

16.

The NCDS is ideal for investigating the relationship between family structure and 

educational outcomes. Firstly, the data set is relatively large; secondly, because it is a 

longitudinal study, one is able to observe the effect of family structure at several 

different points in time; thirdly, the data set is unusually rich in both family 

background variables and measures of children’s attainment. Finally, the children in 

the NCDS are all the same age, to within a week of each other. This eliminates the 

possibility of estimates being contaminated by cohort effects*^.

A word is in order here about the definition of sibship variables in the NCDS. Waves 

1 and 2 (collected when the study children were aged 7 and 11) asked for data on the 

number of children under age 21 living in the household, rather than data on the 

study child’s actual number of siblings. By contrast. Wave 3 (collected at age 16) 

asked about the numbers of older and younger brothers and sisters bom to the same 

mother as the study child, not necessarily still living in the same house. This means 

that older sibs who have left home are not counted at Waves 1 and 2, but are counted

For example, if family size has been falling and educational standards have been rising 
over time, using a sample where individuals are of different ages could exaggerate the 
estimated relationship between small families and higher attainment. Estimates of the 
effect of birth order are also subject to contamination by cohort effects if the sample 
consists of full or partial sibships, since older siblings will come disproportionately from 
older cohorts, and younger siblings from younger cohorts.
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at Wave 3. In the data used for analysis, older siblings reported at Wave 3 but not at 

Waves 1 or 2 were ‘added back’ into the measure of sibship, therefore constructing a 

variable indicating the study child’s total number of siblings rather than just those 

living at home. The data was additionally manipulated to impute family composition 

variables where data was missing in one wave but available in others^*. Where data 

has been imputed or adjusted, checks have been made to ensure that this has not 

altered the results reported. Tables III.2 and III.3 give some background information 

on the sibship structures of the NCDS study children.

Table III.2 shows that at Wave 1, 9% were only children, 35% were in families with 

two children, 26% were in families with three children, and the rest were in larger 

families. Between Waves 1 and Waves 3, the proportion of only children fell 

slightly, and the proportion of children in sibships of four or more rose slightly, 

reflecting the continuing birth of younger siblings.

18 T h ese im putations are not quite precise. For exam p le, i f  W ave 2 data are used  to  fill in 
m issin g  data at W ave 1, the ch ild  w ill be cod ed  as having  m ore sib lin gs than he or she 
really  had at W ave 1 i f  one o f  them  is m ore than seven  years you nger than the study child. 
H ow ever, in 70%  o f  cases w here data is availab le for a ll w a v es, the num ber o f  reported  
sib lin gs d oes not change betw een  w a v es in 70%  o f  cases; therefore, the im putation  
procedure is lik ely  to  be reasonably reliable.
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T a b l e  III.2 

N u m b e r  o f  S i b l i n g s

No. o f  children in 
family (including 
study child)

Wave 1 (age 7) Wave 2 (age 11) Wave 3 (age 16)

1 1291 (8.88) 1049 (7.62) 750 (6.54)

2 5019 (34.54) 4162 (30.23) 3283 (28.64)

3 3770 (25.94) 3464 (25.16) 2873 (25.06)

4 2184 (15.03) 2299 (16.70) 1994 (17.40)

5 1023 (7.04) 1235 (8.97) 1132 (9.88)

6 567 (3.90) 700 (5.08) 636 (5.55)

7 306 (2.11) 379 (2.75) 350 (3.05)

8 168 (1.16) 226 (1.64) 200 (1.74)

9 105 (0.72) 161 (1.17) 119 (1.04)

10 or more 100 (0.69%) 94 (0.68%) 126 (1.10%)

Total 14533 13769 11463

Table III.3 shows that at Wave 1, 38% of children were eldest or only children, while 

31% were ‘middle’ children and 31% were the youngest in their family. Again, these 

proportions change slightly in later waves, reflecting the birth of younger siblings, 

with the proportion of only and eldest children remaining unchanged, the proportion 

of middle children rising slightly, and the proportion of youngest children falling 

slightly.

T a b l e  III.3 

P o s i t i o n  i n  t h e  F a m i l y

Study child’s 
position in family

Wave 1 (age 7) Wave 2 (age 11) Wave 3 (age 16)

Eldest (or only) 5520 (38.0%) 5200 (37.8%) 4454 (38.9%)

Middle 4430 (30.5%) 4759 (34.6%) 3925 (34.2%)

Youngest 4583 (31.4%) 3810 (27.7%) 3084 (26.9%)

Total 14533 13769 11463
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5 RESULTS

5.1 Sibship size

The relationship between sibship structure and educational outcomes is dominated by 

family size. Full estimates of the relationship between family size and outcomes are 

shown in the Appendix; in this section, the results are shown graphically in Figures

111.1 and III.2 and in processed and abbreviated form in Table III.4. At this stage, the 

estimates have been obtained using only sibship size variables (rather than sibship 

size plus birth order variables) on the right hand side of the equation. This enables an 

understanding of the relationship between sibship size and outcomes uncomplicated 

by the effects of birth order, which will be examined in the following Section.

Figure III.l shows the relationship between sibship size and test scores at 7, 11 and 

16, while Figure III.2 shows the relationship between sibship size and ‘real’ 

educational outcomes: grades in Mathematics and English attained at ‘O’ level or 

equivalent; the number of ‘O’ levels or equivalent passed; and educational attainment 

at age 23. In each Figure, the left-hand panel shows the ‘raw’ relationship between 

family size and outcomes; the middle panel shows how outcomes vary with family 

size after the addition of ‘standard’ controls; and the right-hand panel shows how 

outcomes vary with family size after the much larger set of controls has been added. 

In each case, the dependent variable has been normalized, so the units of 

measurement on the vertical axis are standard deviations of the outcome measure in 

question.
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F ig u r e  I I I . l :  T h e  R e l a t io n s h ip  b e t w e e n  S ib s h ip  S iz e  a n d  T e s t  S c o r e s

Reduced form - no controls Controls for parents' age, education, 
social class, and intact family

Full background controls

0.2 0.2

0.0 0.0
Only
childchild

- 0.2 - 0.2

/ I(O .0 .4

O) -0.6 - 0.6

'A- - - -A
- 0.8 - 0.8

- 1.0

- 1.2 - 1.2

Number of children in femily Number of children in ^m ily

0.2

0.0

- 0.2

-0.4

- 0.6

- 0.8

- 1.0

- 1.2

-O  - - Reading, age 7 

- 0 — Maths, age 7

-A- ■ ■ Reading, age 11 

-Yx— Maths, age 11

- Reading, age 16

— Maths, age 16

Number of children in fàmily
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F ig u r e  III .2 : T h e  R e l a t io n s h ip  b e t w e e n  S ib s h ip  S iz e  a n d  E d u c a t io n a l  A t t a in m e n t

Reduced form - no controls Controls for parents' age, education, 
social class, and intact family

Full background controls

0.5

0.0

child2
I
I
&
I
<

- 1.0

-1.5

Number of children in family

0.5

0.0

child

-0.5

- 1.0

Number of children in family

0.5

0.0

child

-0.5

Number of children in family

- English exam grade, age 16  Maths exam grade, age 16

Number of o le\els (age 16) — x —  Highest qualification (age 23)
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T a b l e  III.4 

S ib s h ip  S i z e  a n d  O u t c o m e s

Reading 
test 

(age 7)

Maths 
test 

(age 7)

Reading 
test 

(age 11)

Maths 
test 

(age 11)

Reading 
test 

(age 16)

Maths 
test 

(age 16)

English 
‘0 ’ level 

result

Maths 
‘0 ’ level 

result

Number 
o f'O ' 
levels

Highest
qualifica

-tion
(23)

(A) Sibship 2 does better than only child 6.7 13.3 0.5 16.8 0.3 12.0 7.1 22.3 17.0 7.8

No additional controls Ave. reduction with each extra sib (2-8) 14.3 6.4 14.4 13.3 17.2 14.0 19.0 26.0 31.1 14.6

Reduction with each sib bom  after age
7

- - 13.7 10.6 12.3 8.9 15.5 18.1 24.1 11.7

Convex ftmction? X X y / X y X X X /

(B) Sibship 2 does better than only child 0.6 8.6 -5.5 9.0 -5.6 3.7 -2.5 9.1 2.1 -0.7
Standard controls Ave. reduction with each extra sib (2-8) 11.8 4.4 11.8 10.2 14.6 10.8 14.8 20.2 23.2 10.8

Reduction with each sib bom  after age
7

- - 8.4 6.0 8.7 4.4 9.6 10.1 14.3 6.9

Convex function? X X / V X / / X X /

(C) Sibship 2 does better than only child 1.4 9.1 -8.4 5.1 -7.3 1.6 -2.5 7.6 3.0 0.4

Extended controls Ave. reduction with each extra sib (2-8) 5.0 -0.4 5.3 3.2 8.7 5.4 7.3 10.7 10.6 3.9

Reduction with each sib bom  after age
7

- - 4.1 1.2 4.9 -0.5 2.5 0.4 1.0 1.8

Convex function? X X y / X X X X X X

Notes:
Figures in this table are derived fi*om the estimates in Table III.A2 in the Appendix.
Figures are based on coefficients fi’om OLS regressions except in the case o f ‘0 ’ level results, where they are based on Tobit regressions.
Figures are in percentages o f  one standard deviation (eg, in reading scores at age 7, a child in a sibship o f  2 does better than an only child by 6.7 per cent
o f  a standard deviation).
In the first 4 rows in each section, figures in bold type indicate differences significant at the 5% level or better; figures in italics indicate differences
significant at the 10% level but not the 5% level.
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Looking first at the ‘raw’ relationships, the results are quite consistent, and highlight

three general features of the relationship between sibship size and outcomes. Firstly,
\ —

on each measure of outcomes, only children do worse than those with one sibling

(though the difference is not significant in every case). Table III.4 shows that the

penalty associated with being an only child rather than one of two, ranges from less
            -
than 1% of a standard deviation (reading scores at 11 and 16) to 22% of a standard

deviation (mathematics ‘O’ level results). Second, in sibships of two and above.

outcomes decline steadily with family size. Table III.4 shows that for sibships 

between two and eight, the average reduction in outcomes associated with each 

additional sibling is between 13% of a standard deviation (maths at age 11) and 31% 

of a standard deviation (number of ‘O’ levels), except for the mathematics test 

administered at age 7, where results are much less closely linked to family size, and 

where the average reduction in outcome with each extra sibling is only 6% of a 

standard deviation. Third, the decrease in outcomes between sibships of 2 and 6 

appears to be more or less linear -  it appears that some of the curves flatten off after 

sibships of six, but this certainly does not apply in all cases.

When standard controls for parents’ age, education, social class and intact family are 

added, the relationships between sibship size and outcomes remain qualitatively 

similar, with two major differences. Firstly, the penalty associated with^bei^ a n  only 

child is smaller. Secondly, the decline in outcomes with family size becomes slightly 

shallower: controlling for basic family characteristics, each additional sibling is 

associated with an average reduction in scores of between 10% and 23% of a
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standard deviation, except for mathematics test at age 7, when it is again associated 

with a smaller reduction of only 4% of a standard deviation.

As expected, when a comprehensive set of controls for the family’s circumstances 

and inputs to the child are included, the relationship between family size and 

outcomes becomes still less pronounced; however, it does not disappear complété)^ 

by any means. Adding this set of controls appears to completely eliminate the 

relationship between family size and test scores in mathematics at age seven; 

however, all other test scores, as well as the ‘real’ outcome measures, retain their 

association with family size, with an average penalty associated with each additional 

sibling (in sibships of 2-8) of between 3% and 11% of a standard deviation. Even

with this large set of background controls, a significant penalty associated with being 

an only child remains for some measures of mathematical attainment. This feaUire of

the performance of only children is discussed in more detail in Section 5.3.

Table III.4 also shows how outcomes vary with the number of siblings bom after the 

study child was aged seven. In all cases, the reduction in attainment associated with 

each such sibling is smaller than the average reduction associated with earlier-bom 

siblings. While not constituting a full investigation into the effects of sibship density, 

this finding confirms the findings of Powell and Steelman (1990 and 1993), that 

closely-spaced siblings are associated with more negative effects than widely-spaced 

sibs.
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The final row in each section of Table III.4 tests whether the slight convexity which 

is discernible in some of the graphs is statistically significant -  in other words, 

whether the reduction in outcomes associated with an extra sibling is lower for larger 

families. The test used is an F-test of whether any segment in the graph has, at the 

5% level or better, a significantly flatter slope than any o f the segments to its left. 

Even on this extremely undemanding test, there is no significant convexity in more 

than half the graphs, indicating that the reduction in outcomes associated with an 

extra sibling does not vary with family size. This finding is not due to a lack of 

adequate controls in regressions, since there is least evidence of convexity when the 

largest set of controls has been used. Although theory does not predict unequivocally 

that an extra child would reduce performance less in an already-large family (since 

the effect would depend on the shape of the education production function), it would 

seem intuitively that this would be the case, since in an already-large family, fewer 

inputs have to be taken away from each existing child to be given to the newcomer. 

Additionally, other researchers have found convex rather than uniform effects: 

Hanushek (1992) finds that the effects of an extra sibling decline with family size, 

while Van Eijck and de Graaf (1995) find virtually no relationship between sibship 

size and outcomes in sibships of five and above.

5.2 Birth order

As before, regressions are estimated for 10 outcome variables: not only is this useful 

for validation purposes, but it also provides a means of following the effect of birth 

order over childhood and early adulthood. Zajonc et al. (1979) claim that the effects 

of birth order do vary with age: when children are young, later-born children out
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perform earlier-bom children, but this is reversed in the early teens, when earlier- 

bom children begin to perform better than their younger siblings; this difference then 

persists until adulthood. In all regressions, position in the family is measured at the 

same time the outcome measure is obtained, except for highest qualification at age 

23, in which case the respondent’s position in the family at age 16 is used.

Results are shown numerically in Table III.5 and graphically in Figure III.3. The 

coefficients refer to the difference in performance of middle and youngest children 

relative to eldest children in a family of the same size; effects are measured in units 

of a standard error.

Before discussing the results in detail, it is worth pointing out that among the 

outcome measures there is a very noticeable outlier: middle and youngest children do

worse than firstboms on nearly all measures, but they do better on the mathematics

test administered at age 7. To an extent this is consistent with the findings of Zajonc 

et al (1979), who find that when performance is measured at a young age (such as 7), 

later-bom siblings perform better than earlier-bom siblings, but that earlier-bom 

children begin to pull ahead after the early teens. However, the fact that later-bom 

siblings do not do better in reading scores at age 7 means that some other 

explanation should be sought. One explanation (as the author has pointed out 

elsewhere) is that there may be problems with the mathematics test itself -  the fact 

that the mathematics score at age 7 does not predict later mathematical attainment 

particularly well means that it may not be a particularly good measure of 

mathematical ability. Another explanation is that literacy and numeracy skills are
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acquired in different ways, and that family structure impacts differently on progress 

in the two areas. This idea will be revisited towards the end of the paper; the 

discussion which follows focuses on the other outcome measures.

From Table III.5 and Figure III.3, it is clear that apart from the one exception just 

discussed, middle and youngest children tend to perform consistently less well than 

eldest children. Younger children in sihships of two perform less well than elder 

children by between 1 per cent and 10 per cent of a standard deviation, with this 

difference significant at the 5% level in 6 of the 10 measures. The addition of 

controls for parents’ age, education, social class and presence of a father yields larger 

and more significant coefficients, since certain parental characteristics which are 

linked with positive outcomes are also linked with being lower down the birth order. 

Parents are on average older at the birth of their younger children, and the (job- 

defined) social class of the father may be higher at the time of birth of a younger 

child than at the time of birth of an eldest child. With the addition of these controls, 

the younger sibling performs less well by between 4 per cent and 16 per cent of a 

standard deviation, significant at the 5% level on 8 out of 10 measures of attainment.

89



Chapter III Family Composition and Children’s  Educational O utcom es

T a b l e  111.5(a )

B i r t h  O r d e r  E f f e c t s  ( n o  a d d i t i o n a l  c o n t r o l s )

Younger o f  Middle o f  
two three

Youngest o f  Middle o f  
three four

Youngest o f  
four

Middle o f  
five

Youngest o f  Middle o f  
five six or more

Youngest o f  
six or more

Reading (7) -0.0642 -0.0464 -0.0951 -0.0472 -0.0846 0.1999 0.1696 -0.0138 -0.0490
(-2.34) (-1.20) (-2.40) (-0.87) (-1.32) (2.02) (1.45) (-0.08) (-0.27)

Maths (7) 0.0352 0.0821 0.0446 0.0841 0.07901 0.0954 0.1266 0.3569 0.3687
(1.24) (2.06) (1.09) (1.50) (1.20) (0.93) (1.05) (2.04) (1.97)

Reading (11) -0.0195 -0.1154 -0.0018 -0.0726 -0.1043 -0.0728 0.0170 0.0613 0.1338
(-0.67) (-3.32) (-0.05) (-1.86) (-1.78) (-1.39) (0.18) (0.87) (1.23)

Maths (11) -0.0120 -0.0549 -0.0455 -0.0619 -0.1536 -0.0808 -0.0844 0.0618 0.0684
(-0.41) (-1.56) (-1.14) (-1.57) (-2.59) (-1.52) (-0.90) (0.87) (0.62)

Reading (16) -0.0749 -0.1347 -0.0387 -0.0541 -0.0474 -0.0342 0.1197 -0.0250 0.1434
(-2.50) (-3.78) (-0.98) (-1.39) (-0.83) (-0.67) (1.40) (-0.39) (1.44)

Maths (16) -0.0622 -0.0575 -0.0385 -0.0677 -0.1759 -0.1050 -0.0622 -0.0100 0.0342
(-2.00) (-1.55) (-0.94) (-1.68) (-2.96) (-1.98) (-0.70) (-0.15) (0.33)

English Exam (16) -0.0799 -0.0374 -0.1092 -0.1140 -0.2261 -0.1693 -0.2853 -0.0796 -0.1029
(-2.05) (-0.79) (-2.08) (-2.15) (-2.96) (-2.45) (-2.39) (-0.89) (-0.71)

Maths Exam (16) -0.0595 -0.0245 -0.1027 -0.0738 -0.3257 -0.1925 -0.4052 0.0223 0.0150
(-1.10) (-0.37) (-1.39) (-0.98) (-2.97) (-1.94) (-2.32) (0.17) (0.07)

Number o f  O levels (16+) -0.0969 -0.1341 -0.1709 -0.0496 -0.2564 -0.1624 -0.1308 -0.0193 0.1051
(-1.95) (-2.19) (-2.54) (-0.72) (-2.56) (-1.76) (-0.83) (-0.16) (0.55)

Highest Qualification -0.0992 -0.1056 -0.1265 -0.0844 -0.2272 -0.1332 -0.0465 -0.0389 -0.0437
(23) (-3.31) (-2.90) (-3.17) (-2.12) (-4.04) (-2.60) (-0.54) (-0.60) (-0.43)
Notes:

Figures are based on coefficients from OLS regressions except in the case o f ‘0 ’ level results, where they are based on Tobit regressions.
T-statistics are given in parentheses
Figures are in percentages o f  one standard deviation and refer to the performance o f  a youngest or middle child relative to an eldest child in the same-sized sibship. 
For example, in reading at age 7, the younger child in a sibship o f  2 does worse than the elder o f  2 children by 6.42% o f  a standard deviation.
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T a b l e  111 .5(b )

B i r t h  O r d e r  E f f e c t s  ( s t a n d a r d  f a m i l y  b a c k g r o u n d  c o n t r o l s )

Younger o f  Middle o f  Youngest o f  Middle o f  Youngest o f  Middle o f  Youngest o f  Middle o f  Youngest o f
two three three four four five five six or more six or more

Reading (7) -0.0771 -0.0574 -0.1167 -0.0458 -0.0969 0.1646 0.0782 -0.0973 -0.1823
(-2.81) (-1.52) (-2.89) (-0.86) (-1.52) (1.71) (0.68) (-0.59) (-1.03)

Maths (7) 0.0336 0.0820 0.0456 0.0975 0.0954 0.0874 0.0897 0.3198 0.3049
(1.17) (2.08) (1.08) (1.76) (1.44) (0.87) (0.75) (1.86) (1.65)

Reading (11) -0.0751 -0.1666 -0.0904 -0.1127 -0.1848 -0.1252 -0.1536 -0.0116 -0.0310
(-2.70) (-5.08) (-2.36) (-3.05) (-3.27) (-2.53) (-1.74) (-0.17) (-0.30)

Maths (11) -0.0366 -0.0905 -0.0893 -0.0802 -0.1727 -0.1062 -0.1900 0.0211 -0.0214
(-1.30) (-2.72) (-2.29) (-2.14) (-3.02) (-2.12) (-2.13) (0.31) (-0.20)

Reading (16) -0.1250 -0.1743 -0.1301 -0.0820 -0.1401 -0.0471 0.0177 -0.0335 0.0052
(-4.30) (-5.18) (-3.33) (-2.22) (-2.51) (-0.97) (0.22) (-0.56) (0.05)

Maths (16) -0.0978 -0.0911 -0.1120 -0.0775 -0.2164 -0.0933 -0.1139 0.0082 -0.0577
(-3.31) (-2.66) (-2.82) (-2.07) (-3.81) (-1.89) (-1.36) (0.13) (-0.60)

English Exam (16) -0.1137 -0.0769 -0.1786 -0.1459 -0.2642 -0.1571 -0.3133 -0.0764 -0.2259
(-3.05) (-1.73) (-3.47) (-2.92) (-3.58) (-2.41) (-2.77) (-0.91) (-1.65)

Maths Exam (16) -0.1093 -0.0880 -0.2153 -0.1222 -0.3900 -0.1666 -0.4337 0.0520 -0.1444
(-2.10) (-1.41) (-2.97) (-1.72) (-3.68) (-1.77) (-2.62) (0.43) (-0.73)

Number o f  0  levels (16+) -0.1616 -0.2136 -0.3039 -0.1204 -0.3365 -0.1368 -0.1989 0.0097 -0.1016
(-3.58) (-3.91) (-4.83) (-1.93) (-3.65) (-1.64) (-1.40) (0.09) (-0.59)

Highest Qualification -0.1254 -0.1353 -0.2026 -0.0897 -0.2578 -0.1151 -0.1119 -0.0185 -0.1460
(23) (-4.51) (-4.11) (-5.35) (-2.48) (-4.88) (-2.48) (-1.42) (-0.31) (-1.59)
Notes:
Figures are based on coefficients fi'om OLS regressions except in the case o f ‘O’ level results, where they are based on Tobit regressions.
T-statistics are given in parentheses
Figures are in percentages o f  one standard deviation and refer to the performance o f  a youngest or middle child relative to an eldest child in the same-sized sibship. 
For example, in reading at age 7, the younger child in a sibship o f  2 does worse than the elder o f  2 children by 6.42% o f  a standard deviation.
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Figure 3: Birth order and O utcom es  
(controlling for parental age, socia l c la ss , education & p resen ce  of father)

showing point estimates and 95%confidence intervals
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In sibships of three, the middle child does worse than the eldest child by between 2 

per cent and 13 per cent of a standard deviation, though without controls the effect is 

significant in only 4 out of 10 regressions; where controls for parental characteristics 

are added, the effect is significant in 6 out of 10 regressions. The youngest child in a 

family of three also does worse than the eldest child, by 0.01 to 0.17 standard 

deviations without controls, and by between 0.09 and 0.30 standard deviations with 

controls: the coefficients are significant at the 5% level on 4 out of 10 outcome 

measures without controls, and on 9 out of 10 measures when controls are included.

In sibships of four, middle children do significantly worse than eldest children on 6 

out of 10 measures, and worse at the 10% level on another 2 measures; with controls, 

the youngest of 4 does significantly worse than the eldest in 8 out of 10 measures.

In larger sibships, it is more difficult to see a consistent pattern (although in sibships 

of five the middle child certainly appears to do less well than the eldest child). 

Firstly, sample sizes are small, with a corresponding loss in precision of these 

estimates. Second, as mentioned before, estimates are biased downwards for the 

middle child and upwards for the youngest child in families of six or more. Thirdly, 

in large sibships, it is difficult to interpret the meaning of estimated effects at age 7. 

The effects of being a middle- or youngest-born child are measured relative to being 

the eldest in the same size family, but any child reported as being the eldest child in a 

very large sibship at age 7 is also in a very densely spaced sibship -  something which 

may not be the case for a middle- or last-born child in the same sized sibship at
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age 7. Therefore, it is important not to read too much into the fact that in large 

sibships, firstboms perform badly compared to later-bom children at age 7.

Taken as a whole, these findings suggest that middle and youngest children do worse 

than older children in all sibships up to five. Significant effects are not found for 

every single sibship on every single outcome measure, but the fact that in 

coefficients for middle- and last-bom children are nearly always negative, and that 

they are significant in a clear majority of cases, means that on the balance of 

evidence, one may conclude that first-bom children are at an advantage, performing 

around 0.1 standard deviations better than their later-bom counterparts. There is no 

evidence at all that that last-bom children do better than middle-bom children as the 

theory predicts they might: however, effects have only been estimated fully for 

sibships up to five, so it is quite possible that this effect may be apparent in larger 

sibships. If anything, inspection of Figure III.3 suggests that last-bom children do 

somewhat worse than middle-bom children in the same size family, especially at 

later ages. In sibships of three, last-bom children do worse than middle-bom children 

on measures of highest qualification at age 23, and attainment at English and 

Mathematics O level, though the difference is significant only at the 10% level. In 

sibships of four, last-bom children do worse than middle-bom children on measures 

of qualifications at age 23, the total number of O levels, and performance in 

Mathematics O level: these differences are all significant at the 5% level or better. 

Another way of looking at this is that the negative effect of being a middle child is 

more or less constant throughout the age range, whereas the negative effect of being 

a youngest child shows an increase between ages 7 an 23.
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These findings are not consistent with the findings of other researchers — although it 

is important to remember that many of these have not controlled for birth order and 

family size separately. Hanushek (1992) finds that birth order has very little effect in 

smaller families (up to four children) but a U-shaped effect thereafter: in families of 

five or more children it is better to be lastbom than firstborn, and worst of all to be in 

the middle. Van Eijck and de Graaf (1995) find a similar shape for their data for 

Hungary: attainment falls with birth order in smaller families, but increases after the 

fourth child for larger families. Kessler (1991) and Hauser and Sewell (1985) find 

that birth order has very little effect at all.

5.3 Only children

This section returns to a discussion of only children. Section 5.1 generated the 

unambiguous finding that only children do worse than children in sibships of two.

even though theory predicts that they should do better. Although some of the

relatively poor performance of only children may be explained by parental 

characteristics (notably, the absence from the household of the child’s biological 

father), the differences persist even when a wide range of parental and school 

characteristics are controlled for.

Behrman and Taubman (1986) suggest that the poor performance of only children 

may arise because parents use the information they gain after the birth of their first 

child to decide whether or not to have subsequent children. Those who get a ‘bad 

draw’ with their first child may decide not to have future children, whereas those
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who get a ‘good’ draw would continue to have more children. Hence, only children 

would tend to have ‘worse’ characteristics than children in larger families. However, 

there are two reasons why this may not be a good explanation. Firstly, many parents 

have their second child before the ability of their first child has become fully 

apparent. Certainly, some problems linked with extremely low attainment may be 

apparent before a child's second or third birthday, but there is absolutely no evidence 

in this sample that the poor performance of only children is linked with a clustering 

of very low test scores among children with no siblings. Secondly, one would need to 

explain why this ‘learning’ process does not happen for larger sibships -  if parents 

learn from a draw of one, why would they not continue to learn from a draw of two, 

proceeding to have more children if their first two draws were good , and stopping if 

they had two ‘bad’ draws?

Zajonc et al (1979) tabulate the results of six large studies of IQ, all in different 

countries, noting that in each study there is an inverse relationship between IQ and 

family size, but that in all studies there is a marked discontinuity at one child, with 

only children performing worse than those in two-child families in five of the six 

studies. They offer a different explanation for the poor performance of only children, 

nam elytha^heyare_disadv.antagedbecause they__h ^ n o jo im gers^ n g s t o j e ach, a 

disadvantage that also applies to the youngest child in a family.

In many empirical studies of the effects of family size and birth order, only children 

have been omitted from the analysis or discussion. Many authors (Mumane et al. 

1981; Wolfe 1982; Behrman and Taubman 1986; Stafford 1987; Hanushek 1992)
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include continuous terms in family size, without allowing for a discontinuity between 

one- and two-child families. Others (Lindert 1977; Olneck and Bills 1979; Hauser 

and Sewell 1986; Kuo and Hauser 1997) use pairs of siblings in order to be able to 

control for children’s family background, which means that only children are 

eliminated from their analysis altogether.

Among the much smaller number of studies which do allow for non-linearities in

family size effects, by no means all And tW  cMdren are at a disadvantage.

Kessler (1991) finds no evidence that being an only child affects either wage levels 

or wage growth. Kuh and Wadsworth (1991), in one of the few studies in this area to 

use British data, also examine adult earnings, and report that only children are more 

likely than those from two- or more- child families to be in the top third of the 

earnings distribution.

A number of authors examining academic attainment (Hauser and Sewell 1985, 

Blake 1981, Van Eijck and de Graaf 1995) find that only children are at no 

advantage or disadvantage compared to those in sibships of two. Blake (1981) asserts 

that the disadvantage apparently suffered by only children relative to those in two- 

child families may be entirely explained by the fact that they come from less 

advantaged backgrounds; Van Eijck and de Graaf (1995) find that once only 

children’s increased likelihood of living in a non-intact family is taken into account, 

only children do no worse than those in two-child families.

97



Chapter III Family Composition and Children’s  Educational O utcom es

The fact that in these studies only children are found to do ‘no worse’ than those in 

sibships of two is worthy of comment in itself. All variants of resource dilution 

theory predict that since only children are without any competition at all for parental 

resources, they should do better than those in sibships of two, not ‘as well as’. And 

of course, in the NCDS sample used here, only children do significantly worse than 

those in two-child families on many measures of performance.

Table III.6 shows how only children differ in performance from first-borns in 

families of two, three and four children on the same measures o f attainment used in

19previous sections .

The most striking finding from Table III.6 is that on indicators o f mathematical 

ability and attainment, only children do consistently worse than those in two-child 

families, whereas on indicators o f reading or linguistic ability and attainment, there 

is very little, i f  any, significant difference between only children and those from two- 

child families. In other words, it seems quite clear that being an only child matters 

much more in some areas of cognitive development than it matters in others. This 

difference between language- and mathematically-based indicators is unambiguous, 

and robust to the addition of background controls. For example, the elder sibling in a 

two-child family does better than an only child by 10% of a standard deviation on the 

measure of attainment in English ‘O’ level, but does 25% of a standard deviation 

better in Mathematics ‘0 ’ level. These differences are reduced by the addition of

S ince first-born children do rather better than later-bom  children, on ly  children appear to  
do w orse relative to  other first-borns than they  do relative to  all children in larger fam ilies. 
H ow ever, the com parison w ith  other first-borns is  the m ore interesting on e to  make, sin ce  
o n ly  children w ould  be first-borns in larger fam ilies i f  their parents had gon e on to have  
m ore children. C om parisons b etw een  o n ly  children and all children in larger fam ilies are 
availab le in T able A 3 in the A ppendix, w hich  g iv e s  results from  regressions w here birth 
order variables have not been  included. T h ey  are qualitatively  very  sim ilar to  the results 
sh ow n  here.
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controls, and the difference between only children and the elder of two siblings is 

rendered insignificant for attainment in English ‘O’ level. However, in Mathematics 

‘O’ level, the difference between only children and the elder of two children survives 

the addition of controls. Even with a large and comprehensive set of controls, only 

children do worse than children with one younger sibling by 12% of a standard 

deviation. Although the results are not quite so stark in every case, this effect is 

mirrored throughout Table III.6, and confirm that only children are far more 

disadvantaged in terms of mathematical skills and attainment than they are in terms 

of language-based indicators.

Clearly, research on other samples is needed before this finding should be firmly 

accepted, but it may be of absolutely critical importance in any area where 

researchers use test scores as measures of cognitive development or educational 

achievement. In particular, it may provide the key towards reconciling some of the 

contradictory findings in this area of research: it is possible that these contradictions 

have arisen in part because some investigators have used language-based outcome 

measures, whereas others have used mathematically-based measures.
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T a b l e  I I I .6 :  T h e  P e r f o r m a n c e  o f  E l d e s t  C h i l d r e n  

R e l a t i v e  t o  t h e  p e r f o r m a n c e  o f  o n l y  c h i l d r e n

Reading 
test 

(age 7)

Maths 
test 

(age 7)

lead in g  
' test 
(age 11)

Maths Reading Maths English Maths 0 Number Highest
test test test 0  level level o fO qualifica

(age 11) (age 16) (age 16) result result levels tion (23)

0.1754 0.035-2 0.1441 0.1027 0.2457 0.2110 0.1186
(5.14) ( i 4 n (3.97) (2.26) (3.84) (3.63) (3.43)

0.0191 -0.1362 -0.0264 -0.0857 -0.0434 -0.0427 -0.0465
(0.50) (-3.59) (-0.67) (-1.71) (-0.62) (-0.67) (-1.23)

-0.1093 -0.3548 -0.1230 -0.3153 -0.2976 -0.4423 -0.2053
(-2.43) (-8.02) (-2.68) (-5.37) 0 4  57) (-5.78) (-4.62)

(A)
No additional controls

Eldest o f  2 

Eldest o f  3 

Eldest o f  4

0.0988
(3.01)

-0.0241
(-0.62)
-0.1962

(-3.63)

0.1151
(3.40)

-0.0031
(-0.08)
-0.0822

(-1.47)

0.011
(&% 
-0.1507 

(-4.02)
-0.3457

(-7.77)
(B) Eldest o f  2 0.0477 0.0681 -0.0124 0.1130 -0.0023 0.0797 0.0277 0.1442 0.0995 0.0505
Standard controls (1.47) (2.01) (-0.39) (3.48) (-0.07) (-0.0738) (0.65) (2.39) (1.91) (1.61)
For family background Eldest o f  3 -0.0615 -0.0452 -0.1579 -0.0207 -0.1508 -0.0738 -0.1429 -0.1121 -0.1118 -0.0984

(-1.60) (-1.13) (-4.41) (-0.57) (-4.16) (-2.00) (-3.01) (-1.67) 0 T 9 3 ) (-2.84)
Eldest o f  4 -0.2143 -0.1090 -0.3151 -0.1133 -0.3396 -0.1468 -0.3194 -0.3027 -0.4226 -0.2252

(-4.03) (-1.96) (-7.45) (-2.64) (-8.07) (-3.43) (-5.76) (-3.84) (-6.14) (-5.56)

(C) Eldest o f  2 0.0605 0.0778 -0.0518 0.0674 -0.0322 0.0450 0.0169 0.1216 0.0888 0.0411
With extended controls (1.97) (2.37) (-1.78) (2.37) (-1.07) (1.54) (0.40) (2.03) (1.87) (1.35)

Eldest o f  3 0.0379 0.0338 -0.1253 0.0136 -0.1062 -0.0337 -0.0681 -0.0252 0.0085 -0.0258
(1.03) (0.86) (0.43) (-3.22) (-1.05) (-1.46) (-0.38) (0.16) (-0.78)

Eldest o f  4 -0.0422 0.0183 -0.1960 0.0080 -0.2267 -0.0517 -0.1719 -0.0693 -0.1683 -0.0856
(-0.83) (0.34) (-5.06) (0.21) (-5.90) ^ T 38) (-3.14) (-0.89) (-2.68) (-2.20)

Notes: Figures are coefficients from OLS regressions except in the case o f ‘O ’ level results, where they are based on Tobit regressions. T-statistics are given in 
parentheses. Coefficients are in units o f  one standard error o f  the outcome measure.
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/

5 .3 .1  I n p u t s  f r o m  o t h e r  c h i l d r e n

The NCDS data do not permit the researcher to test all possible explanations for why 

only children perform relatively poorly. For example, the Teaming’ explanation

proposed by Behrman and Taubman (1986) cannot easily be tested using NCDS data. 

However, the idea that only children’s poor performance is due to the lack of inputs 

from other siblings may be tested. If lack of inputs from siblings is indeed a factor, 

this may be partially offset by inputs from children outside the family. In the 

interviews conducted when the child is aged 7, parents are asked “Does the child 

meet other children outside the household? (Exclude going to and from, and in 

school)”. A dummy variable taking the value 1 if the child meets other children most 

days or every day, is inserted into the same regressions used in Section 5.2, and 

interacted with ‘only child’ status. Results are shown in Table III.7.

When additional controls are not used, the interaction term is significant in 

mathematics scores at 11 and 16, and in all post-,16 measures of ‘real’ attainment 

(though only at the 10% level in J^ jh e m a tics ‘O’ level). This is robust to the 

addition of ‘standard’ controls in two of the post-16 outcome measures, and 

marginally so in another two cases, providing a certain amount of evidence to 

support the hypothesis that only children’s poor performance may in part be because 

they miss out on a certain type of interaction with other children; and that this 

disadvantage can be partially offset by mixing regularly with other children outside 

the family.
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T a b l e  III.7 

C o n t a c t  w i t h  O t h e r  C h i l d r e n

(A )
Coefficient on 

‘daily contact with 
other children’

(B) 
Interaction 
coefficient 

on ‘daily contact’ 
X ‘only child’ 

(no extra controls)

(C) 
Interaction 
coefficient 

(with standard 
controls )

Age 7: Reading -0.0403 (-1.91) 0.0088 (0.13) -0.0394 (-0.58)
Maths -0.0137 (-0.62) 0.0813 (1.12) 0.0375 (0.53)

Age 11 : Reading -0.1693 (-7.62) 0.0938 (1.24) 0.0182 (0.26)
Maths -0.1253 (-5.55) 0.1596 (2.08) 0.0799 (1.11)

Age 16: Reading -0.1387 (-5.85) 0.0463 (0.57) 0.0075 (0.10)
Maths -0.1758 (-7.05) 0.1823 (2.12) 0.1245 (1.58)

Post-16: Highest grade (English) -0.2183 (-6.98) 0.2696 (2.61) 0.1963 (2.05)
Highest grade (maths) -0.3249 (-7.47) 0.2544 (7.7:9 0.1456 (1.09)
Number o f ‘0 ’ levels -0.2667 (-6.66) 0.3572 (2.71) 0.2220 (1.91)

Age 23: highest qualification -0.2016 (-8.42) 0.2648 (3.36) 0.1400 (1.98)
(ordered probit) -0.2264 (-8.46) 0.2837 (3.25) 0.1723 (1.96)

Notes:

Coefficients are from regressions as estimated in Section 5.2, with the addition o f  ‘daily contact with other 
children’ plus an interaction term with ‘only child’. Columns (B) and (C) give the interaction coefficients. 
T-statistics are given in parentheses.
Bold type denotes significant coefficients at the 5% level; italics denote significant coefficients at the 10% level. 
Coefficients are in units o f  one standard error o f  the outcome measure.

5.4 Interaction effects

Until now, this paper has concentrated on the average effects of family size and birth 

order among children. However, it is important to know whether these effects are 

common to all groups of children, or whether they vary between groups: for

example, between girls and boys (as suggested by Jordan et al 1982), or between

children from different social backgrounds.
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A full examination of how sibship structure interacts with other variables is beyond 

the scope of this paper, since there are many different ways in which the effects may 

vary between groups. Rather than attempting a full investigation, therefore, this 

section attempts to indicate the areas where interaction effects may be expected, and 

performs some preliminary investigations. Rather than using the full set of sibship 

structure variables to create a set of interaction terms, an abbreviated specification is 

used, with sibship size denoted by two variables: ‘number of siblings’ and ‘only 

child’; and birth order denoted by two additional variables: ‘middle child’ and 

‘youngest child’. Although this specification is subject to the criticisms highlighted 

earlier in the paper, it will give an idea of whether or not the population is 

homogeneous with regard to sibship effects, and point to where future research might 

be most fruitfully carried out.

One reason why interaction effects may be expected, is that credit constraints are 

experienced by some groups of parents much more than by others. Those parents 

who are less credit-constrained are able to borrow money in order to make inputs to 

their children at the time when they are required, while those who are more credit- 

constrained are not able to smooth the family’s consumption in this way. Hence, the 

effects of having many siblings, or several siblings close in age, may be less for 

families who are less subject to credit constraints. This prediction may be tested by 

interacting sibship structure variables with social class or income variables.

The effects of family size and birth order may also vary between groups as a result of 

the optimization strategies pursued by parents, as discussed in Section 2. If parents
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pursue an achievement maximization strategy, they will put more resources into 

those of their children for whom the return to their inputs is highest: their more able 

children, or possibly (given that men’s wages are higher and men spend longer in the 

labour market than women) their sons. If this is the case, then on average the 

presence of a more able sibling (or possibly, a brother) will have more deleterious 

effects on existing siblings than the presence of a less able sibling (or possibly, a 

sister). Given that the NCDS has no data on siblings’ characteristics, it may be more 

useful to look at this another way: on average, more able children (and possibly, 

boys) should experience less of a deleterious effect by the presence of an extra 

sibling than less able children (and possibly, girls).

However, if parents are pursuing a compensatory strategy, the opposite would be 

true: more able children on average would suffer more by the presence of an extra 

sibling than less able children.

These predictions may be investigated by interacting sibship structure with sex and 

(in the absence of a measure of ability separate from academic attainment) with 

previous academic attainment. However, in the absence of information about 

parents’ preferences (for example, it is not at all clear that parents measure the 

returns to their inputs into children by children’s academic attainment or labour 

market outcomes), it will not be easy to interpret any interaction effects 

unequivocally.
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T a b l e  III.8: I n t e r a c t i o n  E f f e c t s  (w i t h o u t  a d d i t i o n a l  c o n t r o l s )

(A) (B) Reading 
test 

(age 7)

Maths 
test 

(age 7)

Reading 
test 

(age 11)

Maths 
test 

(age 11)

Reading 
test 

(age 16)

Maths 
test 

(age 16)

English 
‘0 ’ level 

result

Maths 
‘O ’ level 

result

Number
o f ‘0 ’
levels

Highest
qualifica

-tion
(23)

Female Child x Total no. o f  siblings 0.004 -0.011 -0.011 -0.005 -0.004 0.007 -0.057 -0.020 -0.019 0.001

(49% o f  sample) Only Child 0.069 0.056 0.043 0.157 0.005 0.100 -0.050 0.117 0.073 0.032

Middle Child 0.045 -0.003 0.089 0.075 0.001 0.061 0.080 0.230 0.076 0.015

Youngest Child 0.106 0.013 0.126 0.127 0.004 0.059 -0.009 0.154 0.142 0.016

Sibs bom  after age 7 - - -0.010 -0 .001 -0.007 -0.010 -0.002 0.054 0.012 0.009

Class I, II, Ill(n) X Total no. o f  siblings 0.020 -0.004 0.024 0.018 0.035 -0.013 0.067 0.091 0.069 -0.004

(29% o f  sample) Only Child -0.034 -0.053 -0.007 -0.121 0.005 -0.103 0.018 -0.031 -0.039 -0.046

Middle Child 0.042 0.036 -0.029 -0.048 0.012 -0.020 0.063 -0.020 0.009 0.024

Youngest Child 0.016 -0.036 0.014 -0.048 0.011 -0.019 0.077 0.019 0.011 0.020

Sibs bom  after age 7 - - 0.063 0.079 0.124 0.097 0.114 0.197 0.254 0.081

Sibs bom  after age 7 - coefficient - - (-0.112) (-0.091) (-0.127) (-0.067) (-0.118) (-0.144) (-0.202) (-0.077)

Financial Problems x Total no. o f  siblings -0.030 0.015 -0.024 -0.038 -0.056 -0.028 -0.085 -0.104 -0.112 -0.030

(7% o f  sample) Only Child 0.111 0.117 -0.015 0.085 0.016 0.282 -0.081 0.023 0.119 -0.133

Middle Child 0.149 -0.066 0.095 0.105 0.009 0.118 0.027 0.055 -0.036 0.089

Youngest Child 0.149 -0.021 0.106 0.141 0.024 0.018 -0.035 -0.186 0.080 -0.089

Sibs bom  after age 7 - - 0.030 0.007 0.068 0.059 0.064 0.168 0.142 0.048

Sibs bom  after age 7 - -

Notes;

Coefficients reported are interaction effects between the variable in column (A) and the variable in column (B)
As before, coefficients are fi*om OLS regressions except in the case o f  ‘O ’ level results, where they are fi’om Tobit regressions.
Bold type denotes significant coefficients at the 5% level; italics denote significant coefficients at the 10% level.
Coefficients are in units o f  one standard error o f  the outcome measure.
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Table III.8 shows the results of interacting sibship variables with gender; with an

indicator of social class; and with an indicator offipancial hardship. The first panel 

of Table III.8 shows the coefficients on the interaction terms between sibship 

structure and gender, and makes rather puzzling reading. There are no significant 

interaction effects between gender and the number of children in the family, or the 

number of siblings bom after age 7. However, half the regressions do yield a large 

and significant positive coefficient on the interaction term between ‘female’ and 

‘youngest child’, indicating the girls may be to an extent protected from the 

disadvantage of being the youngest child in the family. In these cases, the coefficient 

on the interaction terms is almost as large as the coefficient on the ‘youngest child’ 

variable, and of opposite sign, indicating that in these cases girls who are the 

youngest in their families do as well as eldest children. There is no particular pattern 

to which outcome measures yield this result, and this is clearly an interesting 

direction for future research.

The two middle panels of Table III.8, showing interactions of sibling structure with 

the family’s socio-economic class and whether the family reports financial problems, 

are designed to test the prediction that family size and birth order effects are more 

pronounced in those families which are subject to borrowing constraints. Separating 

the sample by social class, into manual and non-manual workers, shows no 

difference in the effects of birth order. There is some evidence that being in a large 

family has less of a deleterious effect for children in non-manual families than for 

children in manual families (for all measures of attainment at ‘O’ level). 

Additionally, there is clear evidence that siblings bom after the study child is aged
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seven have a different impact on children from different social classes. The 

coefficient on the un-interacted ‘sibs bom after age 7’ variable has been included in 

parentheses under the interaction coefficient, so it is easy to see that in nearly every 

case the two coefficients are approximately equal and opposite. In other words, later 

arrivals have no effect on the performance of existing children in non-manual 

families, but a strong impact in manual families.

When sibship variables are interacted with a variable indicating whether the family is 

experiencing financial hardship, the interaction term between financial hardship and 

family size is significant in all outcome measures except those at age 7, showing that 

children in families with financial problems are affected significantly more by being 

in a large family than children in families without such problems. This follows 

theoretical predictions; interestingly, however, no interaction effect from birth order 

is apparent.

There is scope for investigating many more interaction effects than these: two 

important examples are the interactions between sibship stmcture and a child’s 

ability, the sex of his or her siblings, or the presence in the household of the child’s 

natural father. These and other effects are beyond the scope of this paper, but form an 

interesting research agenda for the future.
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CONCLUSIONS

In this paper, the relationships between the number of siblings, position in the birth 

order and educational outcomes have been investigated in a thorough and systematic 

way; this is the first time which this has been done using data from the UK. The 

following conclusions have been reached. Firstly, children in larger families perform 

worse than children with fewer siblings, even when a whole raft of parental and 

school characteristics is controlled for. For sibship sizes between 2 and 8, each 

additional sibling is associated with a reduction in test or examination performance 

of between 11 and 17 per cent of a standard deviation^®, (depending on the outcome 

measure used) falling to between 3 and 13 per cent of a standard deviation when 

controls for parental and school characteristics are added.

Birth order effects were also found, with middle- and youngest-born children doing 

significantly worse than first-born children. The magnitude of these effects varies 

according to sibship size and the measure of attainment under consideration; but on 

average, there is a penalty of around 10 per cent of a standard deviation associated 

with being a middle or youngest child.

Only children perform significantly worse than theory would predict, performing 

over 10 per cent of a standard deviation worse than the elder of two children on all 

measures of mathematical performance, and on two summative measures of

A s d iscu ssed  in Section  5.1 , th is exc lu d es m athem atics scores at age 7.
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educational attainment (the number of ‘O’ levels passed and the highest 

qualification at age 23). Although controlling for background factors does account 

for a certain proportion of this disadvantage, a significant disadvantage associated 

with being an only child does remain. One of the most interesting and potentially 

important findings of this paper is that only children are at far more of a disadvantage 

on mathematically-based measures of attainment than on language-based measures. 

This suggests that it is important for researchers to specify in detail the type of 

outcome measures used in research; additionally, it suggests that some of the 

conflicting findings about outcomes for only children may arise because different 

measures were used.

Finally, a certain amount of support for the hypothesis that only children perform 

badly because of a lack of inputs from other children was found. Only children who 

had contact with other children outside of school when they were aged seven did 

better on many measures of attainment later in life than only children who did not 

have contact with other children. This effect is robust to the inclusion of standard 

family background controls, but disappears when a very large set of controls is used.

The paper finishes by noting the importance of ascertaining whether sibship effects 

affect all groups of children equally, or whether they affect some groups of children 

more than others. Although there is not space here to permit a full investigation of 

interaction effects, evidence that they exist and are potentially important was 

presented. In particular, there is evidence that sibship size is a far more important
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determinant of attainment for children whose families are in financial difficulties 

than for other groups of children.

110



Chapter III Family Composition and Children’s  Educational O utcom es

7 APPENDIX

F i g u r e  III.Al: D i s t r i b u t i o n  o f  o u t c o m e  m e a s u r e s  in  t h e  NCDS.
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F i g u r e  I I I .A l  ( C o n t i n u e d ): D i s t r i b u t i o n  o f  o u t c o m e  m e a s u r e s  i n  t h e  
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T a b l e  I I I .A 1  O u t c o m e  M e a s u r e s

Outcome measure Range Mean Median Inter
quartile
range

S.D.

Reading Test Score (age 7) 0-30 23.3 26 19-29 7.1

Maths Test Score (age 7) 0-10 5.1 5 3-7 2.5

Reading Test Score (age 11) 0-35 16.0 16 12-20 6.3

Maths Test Score (age 11) 0-40 16.6 15 8-25 10.4

Reading Test Score (age 16) 0-35 25.3 27 21-31 7.1

Maths Test Score (age 16) 0-31 12.8 11 7-18 7.0

English ‘0 ’ level result (age 16+) 0-12 2.7 2 0-5 2.8

Maths ‘0 ’ level result (age 16+) 0-12 1.9 0 0-4 2.6

Number o f ‘0 ’ levels passed (age 16+) 0-9 2.3 1 0-4 3.0

Highest qualification attained (age 23) 1-7 3.1 3 1-4 2.0
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T a b l e  III.A2: S u m m a r y  S t a t i s t i c s

Variable Range Mean S.D.
Sibship Size Only child (omitted category) O-I 0.09 0.28
Variables at age 7 2 children 0-1 0.33 0.47

3 children 0-1 0.25 0.44
4 children 0-1 0.16 0.36
5 children O-I 0.08 0.27
6 children 0-1 0.04 0.21
7 children 0-1 0.02 0.15
8 children 0-1 0 .0 1 O.II
Number o f  sibs bom  ages 7-11 0-7 0.18 0.48
Number o f  sibs bom  ages 7-16 0-7 0.29 0.64

Birth order Younger o f  2 O-I 0.17 0.37
variables (age 7) Middle o f  3 0-1 0.10 0.29

Younger o f  3 O-I 0.08 0.27
Middle o f  4 0-1 0.09 0.28
Younger o f  4 O-I 0.04 0.18
Middle o f  5 O-I 0.05 0.23
Youngest o f  5 0-1 0.01 0.11
Middle o f  6+ O-I 0.07 0.24
Youngest o f  6+ 0-1 0 .0 1 0.11

Standard controls Female O-I 0.49 0.50
Father’s age at child’s birth 16-78 30.49 6.39
Age mother left education 12-23 14.95 1.48
Age father left education 12-23 15.26 2.09
Father: social class I 0-1 0.04 0.20
Father: social class II 0-1 0.13 0.33
Father: social class III non-manual 0-1 0.10 0.30
Father: social class III manual 0-1 0.49 0.50
Father: social class IV O-I 0.19 0.32
Father: social class V (omitted) 0-1 0.12 0.32
Father unemployed O-I 0.0003 0.02
Father retired O-I 0.0001 0.01
Father a student 0-1 0.001 0.03
Father not present at time o f  birth O-I 0.03 0.16
Father left between 0 and 7 0-1 0.05 0.21
Father left between 7 and 11 O-I 0.05 0.21
Father left between 11 and 16 0-1 0.07 0.26
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T a b l e  III.A2: S u m m a r y  S t a t i s t i c s

Variable Range Mean S.D.

Extended Financial hardship 0-1 0.08 0.27
controls: A ge 7 Mother reads to child (7) 0-2 1.33 0.73

Father reads to child (7) 0-2 1.08 0.80
Goes out with mother (7) 0-2 1.84 0.40
Goes out with father (7) 0-2 1.65 0.58
Dad plays role in child’s life (7) 0-2 1.48 0.69
Mother worked f't before age 5 0-1 0.09 0.29
Mother worked f't between 5 and 7 O-I 0.10 0.30
Mother reads at home (7) 0-2 1.63 0.64
Father reads at home 0-2 1.80 0.50
Mother’s interest in child at school 0-2 1.21 0.73
Mother ‘over-interested’ 0-1 0.03 0.17
Father’s interest in child at school 0-2 1.14 0.79
Father ‘over-interested’ O-I 0.02 0.13
Parents want child to stay at school 0-1 0.82 0.38
Family m oves since child’s birth 0-22 1.22 1.50
Number o f  schools age 5-7 1-11 1.26 0.63
Infant school O-I 0.47 0.50
Junior school 0-1 0.46 0.50
Other LEA school 0-1 0.03 0.16
Independent school O-I 0.03 0.18
Special School 0-1 0.003 0.06
Nursery class in school? 0-1 0.08 0.27
Top stream O-I 0.03 0.18
Middle stream 0-1 O.OI 0.12
Bottom Stream 0-1 0.02 0.13
All infants in one class 0-1 0.05 0.21
Family Groupings 0-1 0.05 0.22
One class per year, or parallel 0-1 0.39 0.49
By age within years 0-1 0.35 0.48
Other arrangement 0-1 0.09 0.29
% o f fathers in social class I and II 0-100 24.93 20.81
% o f  fathers in social class V 0-100 21.10 16.79

A ge 11 : Financial hardship last year 0-1 0.11 0.31
Outings with mum - 0 low, 2 hi 0-2 1.85 0.38
Outings with dad - 0 low, 2 hi 0-2 1.78 0.45
dad plays big part - 0 low, 2 hi 0-2 1.69 0.47
Ma over concerned 0-1 0.04 0.20
Ma's interest in education 0-2 1.21 0.75
Pa over concerned O-I 0.04 0.19
Pa's interest in education 0-2 1.11 0.79
Parents want kid to stay at school? O-I 0.76 0.43
Family moves since birth 0-9 1.64 1.72
No o f  schools since 5 0-9 1.74 0.99
Junior school dummy 0-1 0.47 0.50
Combined school dummy 0-1 0.45 0.59
Other school dummy 0-1 0.02 0.15
Independent school dummy 0-1 0.04 0.19
Special school dummy 0-1 0.02 0.13
Top stream 0-1 0.13 0.34
Middle stream 0-1 0.10 0.29
Bottom stream 0-1 0.10 0.29
Unstreamed 0-1 0.67 0.45
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T a b l e  III.A2: S u m m a r y  S t a t i s t i c s

Variable Range Mean S.D.

A ge 16 Financial problems last year 0-1 0.10 0.30
Father's pay £20 - 29 a week 0-1 0.31 0.46
Father's pay £30 - 39 a week 0-1 0.36 0.48
Father's pay £40 - 49 a week 0-1 0.16 0.37
Dad's pay £50 a week or more 0-1 0.13 0.34
Mother over concerned 0-1 0.02 0.15
Mother's interest in education 0-2 1.20 0.77
Father over concerned 0-1 0.03 0.17
Father's interest in education 0-2 1.16 0.79
Family m oves since birth 0-9 1.90 1.90
N o o f  schools since 11 0-6 1.25 0.52
Comprehensive school dummy 0-1 0.59 0.42
Independent school dummy 0-1 0.03 0.18
Grammar school dummy 0-1 0.11 0.31
Secondary Modem school dummy 0-1 0.21 0.41
Technical school dummy 0-1 0.01 0.07
Direct Grant school dummy 0-1 0.02 0.15
Special school dummy 0-1 0.02 0.13
Other type o f  school dummy 0-1 0.01 0.10
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T a b l e  III.A 3

R e l a t io n s h ip  b e t w e e n  s ib s h ip  s iz e  a n d  o u t c o m e s

Sibship size Reading 
test 

(age 7)

Maths test 
(age 7)

Reading 
test 

(age 11)

Maths test 
(age 11)

Reading 
test 

(age 16)

Maths test 
(age 16)

English 
‘0 ’ level 

result

Maths ‘0 ’ 
level result

Number o f  
‘0 ’ levels

Highest 
qualifica
tion (23)

(A) N o additional controls 2 0.0669 0.1327 0.0051 0.1676 0.0026 0.1197 0.0706 0.2230 0.1696 0.0775
(2.24) (4.30) (0.16) (5.33) (0.08) (3.48) (1.65) (3.71) (3.10) (2.38)

3 -0.0718 0.0413 -0.1927 -0.0171 -0.1866 -0.0573 -0.1338 -0.0832 -0.1272 -0.1138
(-2.33) (1.29) (-6.00) (-0.53) (-5.48) (-1.62) (-3.01) (-1.33) (-2.24) (-3.38)

4 -0.2429 -0.0154 -0.4062 -0.1754 -0.3873 -0.1884 -0.4200 -0.4016 -0.5225 -0.2926
(-7.23) (-0.44) (-11.71) (-5.00) (-10.45) (-4.90) (-8.66) (-5.86) (-8.33) (-7.99)

5 -0.3971 -0.0693 -0.6074 -0.3746 -0.6319 -0.3778 -0.7004 -0.7781 -0.8990 -0.4862
(-9.91) (-1.67) (-14.87) (-9.06) (-14.61) (-8.42) (-12.02) (-9.35) (-11.75) (-11.19)

6 -0.5144 -0.1803 -0.7373 -0.4895 -0.7893 -0.5509 -0.9337 -1.1030 -1.2295 -0.6394
(-10.63) (-3.61) (-15.08) (-9.89) (-14.91) (-10.03) (-12.99) (-10.60) (-12.82) (-12.33)

7 -0.6447 -0.1921 -0.7397 -0.5284 -0.9077 -0.5536 -1.0878 -1.2671 -1.4924 -0.6487
(-10.44) (-3.01) (-11.96) (-8.44) (-13.91) (-8.18) (-11.81) (-9.38) (-11.73) (-10.02)

8 -0.7912 -0.2563 -0.8593 -0.6350 -1.0336 -0.7212 -1.0701 -1.3407 -1.6979 -0.7995
(-9.98) (-3.13) (-10.59) (-7.73) (-12.02) (-8.09) (-8.93) (-7.54) (-9.78) (-9.41)

N ew  sibs - - -0.1374 -0.1066 -0.1240 -0.0898 -0.1546 -0.1806 -0.2414 -0.1180
(-8.13) (-6.23) (-9.17) (-6.40) (-8.37) (-6.83) (-9.77) (-8.61)

Female 0.2563 -0.0971 -0.0011 -0.0524 -0.0296 -0.2085 0.2802 -0.3050 0.1831 0.0869
(15.85) (-5.81) (-0.07) (-3.12) (-1.68) (-11.43) (12.00) (-9.25) (6.07) (4.93)
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T a b l e  I I I .A 3  (C o n t in u e d ) 

R e l a t io n s h ip  b e t w e e n  s ib s h ip  s iz e  a n d  o u t c o m e s

Sibship size Reading 
test 

(age 7)

Maths test 
(age 7)

Reading 
test 

(age 11)

Maths test 
(age 11)

Reading 
test 

(age 16)

Maths test 
(age 16)

English 
‘0 ’ level 

result

Maths ‘0 ’ 
level result

Number o f  
‘0 ’ levels

Highest 
qualifica
tion (23)

(B) Standard family controls 2 0.0057 0.0864 -0.0562 0.0898 -0.0573 0.0375 -0.0259 0.0913 0.0214 -0.0081
(0.20) (2.84) (-1.92) (3.03) (-1.84) (1.18) (-0.65) (1.63) (0.44) (-0.28)

3 -0.1233 0.0006 -0.2490 -0.0848 -0.2375 -0.1343 -0.2276 -0.2085 -0.2644 -0.1981
(-4.08) (0.02) (-8.24) (-2.77) (-7.39) (-4.12) (-5.49) (-3.57) (-5.23) (-6.53)

4 -0.2649 -0.0301 -0.4197 -0.1975 -0.3999 -0.2215 -0.4455 -0.4377 -0.5464 -0.3198
(-8.07) (-0.88) (-12.88) (-5.98) (-11.46) (-6.25) (-9.85) (-6.83) (-9.80) (-9.71)

5 -0.3761 -0.0511 -0.5696 -0.3360 -0.5822 -0.3430 -0.6554 -0.7227 -0.7981 -0.4413
(-9.63) (-1.25) (-14.86) (-8.65) (-14.29) (-8.29) (-12.07) (-9.28) (-11.72) (-11.29)

6 -0.4591 -0.1337 -0.6543 -0.3969 -0.6935 -0.4501 -0.8007 -0.9210 -0.9943 -0.5182
(-9.71) (-2.71) (-14.24) (-8.53) (-13.91) (-8.89) (-11.95) (-9.47) (-11.62) (-11.10)

7 -0.5990 -0.1534 -0.6808 -0.4527 -0.8355 -0.4815 -0.9853 -1.1200 -1.2640 -0.5597
(-9.94) (-2.44) (-11.73) (-7.70) (-13.60) (-7.72) (-11.45) (-8.86) (-11.15) (-9.60)

8 -0.7060 -0.1802 -0.7665 -0.5236 -0.9364 -0.6155 -0.9158 -1.1252 -1.3750 -0.6608
(-9.15) (-2.24) (-10.08) (-6.80) (-11.62) (-7.52) (-8.23) (-6.81) (-8.98) (-8.67)

N ew  sibs -0.0845 -0.0605 -0.0875 -0.0442 -0.0962 -0.1010 -0.1431 -0.0686
(-5.28) (-3.73) (-6.84) (-3.40) (-5.53) (-4.05) (-6.45) (-5.52)

Female 0.2488 -0.1041 -0.0128 -0.0618 -0.0393 -0.2172 0.2701 -0.3141 0.1556 0.0794
(15.85) (-6.36) (-0.83) (-3.94) (-2.39) (-13.01) (12.47) (-10.25) (5.83) (5.03)
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T a b l e  I I I .A 3  (C o n t in u e d )  

R e l a t io n s h ip  b e t w e e n  s ib s h ip  s iz e  a n d  o u t c o m e s

Sibship size Reading 
test 

(age 7)

Maths test 
(age 7)

Reading 
test 

(age 11)

Maths test 
(age 11)

Reading 
test 

(age 16)

Maths test 
(age 16)

English 
‘0 ’ level 

result

Maths ‘0 ’ 
level result

Number o f  
‘0 ’ levels

Highest 
qualifica
tion (23)

(C) Extended controls 2 0.0138 0.0906 -0.0850 0.0508 -0.0736 0.0156 -0.0257 0.0764 0.0301 0.0044
(0.50) (3.07) (-3.21) (1.96) (-2.60) (0.57) (-0.65) (1.36) (0.67) (0.15)

3 -0.0438 0.0534 -0.1961 -0.0350 -0.1650 -0.0670 -0.1162 -0.0697 -0.0716 -0.0886
(-1.52) (1.74) (-7.14) (-1.30) (-5.64) (-2.36) (-2.82) (-1.19) (-1.54) (-3.01)

4 -0.1073 0.0779 -0.2692 -0.0468 -0.2520 -0.0843 -0.2379 -0.1469 -0.2092 -0.1313
(-3.40) (2.31) (-9.00) (-1.60) (-7.86) (-2.71) (-5.24) (-2.28) (-4.05) (-4.07)

5 -0.1690 0.0909 -0.3504 -0.1061 -0.3738 -0.1421 -0.3295 -0.2523 -0.2900 -0.1640
(-4.48) (2.25) (-9.94) (-3.08) (-9.99) (-3.91) (-6.11) (-3.26) (-4.63) (-4.31)

6 -0.1784 0.0693 -0.3863 -0.1135 -0.4115 -0.1841 -0.4063 -0.4361 -0.3913 -0.1827
(-3.90) (1.42) (-9.13) (-2.75) (-8.94) (-4.12) (-5.97) (-4.38) (-4.85) (-3.94)

7 -0.2656 0.0809 -0.3649 -0.1303 -0.5161 -0.1790 -0.4771 -0.4726 -0.5194 -0.1904
(-4.57) (1.30) (-6.88) (-2.52) (-9.21) (-3.29) (-5.66) (-3.80) (-5.06) (-3.40)

8 -0.2867 0.1183 -0.4078 -0.1452 -0.5972 -0.3117 -0.4686 -0.5695 -0.6088 -0.2354
(-3.85) (1.49) (-5.87) (-2.14) (-8.14) (-4.37) (-4.21) (-3.38) (-4.25) (-3.16)

N ew  sibs -0.0406 -0.0123 -0.0495 -0.0053 -0.0254 -0.0044 -0.0110 -0.0182
(-2.75) (-0.86) (-4.23) (-0.47) (-1.48) (-0.18) (-0.55) (-1.53)

Female 0.2345 -0.1163 -0.0497 -0.1012 -0.0682 -0.2531 0.2192 -0.3773 0.0651 0.0343
(15.81) (-7.34) (-3.53) (-7.37) (-4.58) (-17.48) (10.30) (-12.47) (2.69) (2.28)
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T a b l e  III.A 4  

E s t i m a t e d  P r o b a b i l i t i e s

Predicted percentages. Estimated percentages, controlling for family 
background

Sibship size and 
birth order

With 0  levels 
or better by age 

23
(population 

average: 37%)

With A  levels 
or better by age 

23
(population 

average: 24%)

Having a 
degree by age 
23 (population 
average: 10%)

With 0  levels 
or better by age 

23
(population 

average: 37%)

With A  levels 
or better by age 

23
(population 

average: 24%)

Having a 
degree by age 
23 (population 
average: 10%)

Only child 40.44 27.69 10.43 40.68 26.82 9.99
Elder o f  2 56.57 39.52 18.50 50.66 31.19 13.17
Younger o f  2 51.88 35.26 15.49 43.29 25.28 9.58
Eldest o f  3 49.33 33.74 12.94 43.71 25.69 8.35
Middle o f  3 44.21 30.99 13.79 35.55 21.25 8.16
Youngest o f  3 43.31 28.52 10.21 32.58 17.85 6.31
Eldest o f  6 21.51 11.96 3.82 20.87 10.65 3.12

The estimated probabilities in Table III.A4 were obtained using the same methodology as in the body of the paper (using standard family 

controls), but using outcome measures with a more intuitive appeal, and converted into probabilities: thus, the estimated probability of reaching a 

certain level in test scores or educational outcomes may be compared between groups.
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INTRODUCTION

A woman’s allocation of time is likely to change according to the number of children 

she has for several reasons. First, there is an income effect arising from the fact that 

children consume part of the household income; thus, the income of the parents falls, 

and one or both parents respond by increasing their labour supply. Second, if both 

parents work outside the home after the arrival of a new child, the costs of alternative 

child care must be met; this is equivalent to a fall in the mother’s wage, which has 

both an income effect (the mother works more) and a substitution effect (the mother 

works less); thus, the net direction of the effect of an additional child is uncertain and 

may mean that the mother chooses not to work at all. These effects do not represent a 

comprehensive description of the effect of children on their mothers’ labour supply, 

which is extremely complex. However, they are sufficient to illustrate that women’s 

labour supply may be expected to change with the arrival of children, and that the 

direction of this change is not clear a priori.

In estimates of the effect of children on their mothers’ labour market participation 

and hours of work, the coefficient on the number of children is typically negative and 

significant, and the magnitude of the coefficient is larger for younger children. This 

may be interpreted as indicating that the substitution effect outweighs the income 

effect. However, it may also arise because fertility and labour supply are both 

determined by some unobserved third characteristic. For example, heterogeneous 

preferences among women, with one type of woman having a greater preference for 

children and less of a preference for market work; and a second type having less of a 

preference for children and a greater preference for market work, would mean that a

122



Chapter IV Fertility and Fem ale Labour Supply

negative relationship between fertility and labour supply would be observed, even in 

the absence of any causal effect of children on labour supply.

Additionally, if fertility and labour supply are somehow jointly determined, with 

women planning the number and timing of their children according to labour market 

factors such as their wages or other expected outcomes (Waite and Stolzenberg 1976; 

Cain and Dooley 1976), this would also mean that the estimated relationship between 

children and female labour supply could not be interpreted as indicating the “effect” 

of children on their mothers’ labour supply.

Several studies have used instrumental variables to check for the endogeneity of 

fertility variables; Browning (1992) gives a comprehensive overview of work in this 

area.

The majority of these studies find some evidence that children variables are 

endogenous in the female labour supply function^ \  Their results vary considerably, 

which is unsurprising given that they use different sets of instruments to estimate 

different labour supply variables, that some use static models while others use a 

dynamic framework, and that some consider expected behaviour while others 

consider reported behaviour. Some consistent findings do emerge, however, chief of 

which is that the familiar significant negative effects of fertility on labour supply are 

reduced or disappear completely if one allows for endogenous fertility. Indeed, Cain

Waite and Stolzenberg (1976) find that employment plans strongly affect expected 
fertility, and only a weak effect in the opposite direction; Smith-Lovin and Tickamyer 
(1978) find a strong effect of fertility on years employed and only a weak effect in the 
opposite direction; Cramer (1980) replicates both these studies with a common data set, 
finding evidence of causality in both directions, and suggesting that actual employment 
and fertility status are much more important than planned employment and fertility, and 
noting that the results are sensitive to the choice of instruments used.
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and Dooley (1976) and Hout (1978) find a small (although insignificant) positive 

effect.

Mroz (1987) uses area characteristics and polynomials in parents’ ages and education 

as instruments for fertility as instruments for fertility, and does not reject the 

exogeneity of children variables^^. However, it is not clear that the instruments used 

are without their own effect on labour supply.

Indeed, it is rather difficult to find suitable variables with which to instrument 

fertility, which fulfil the joint requirements of being exogenous and having the 

required degree of explanatory power. Some instruments which have been used are 

quite highly correlated with fertility, but are difficult to use except in very large data 

sets, because they are very rare events. Variables which fall into this category include 

the birth of twins, and the presence of fecundity problems.

Another variable which has been used as an instrument for fertility is membership of 

the Catholic faith. However, as contraceptive use among Catholics has increased, 

(Ryder and Westoff 1972) this instrument is no longer very useful.

Some instruments (including religion, ethnic group, the mother’s number of siblings, 

the mother’s opinions on ideal family size, and duration of marriage) are highly 

correlated with fertility variables but it is difficult to argue that they have no effect on 

labour market behaviour other than via fertility. Additionally, if one suspects that 

some unobservable factor (eg a ‘homebody/ career girl’ divide) is driving both

Using a variant of the test proposed by Durbin (1954), Wu (1973), Hausman (1978) and 
White (1982), based on the fact that if one has a consistent estimator for the labour supply 
equation, then if children are exogenous to labour supply, one’s estimates will be similar 
whether children are included or excluded from the instrument set.
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fertility and labour supply, then many of these variables vill be correlated with the 

unobservables and hence with the error term in the labour supply equation.

Angrist and Evans (1998) have used the sex of the first two children bom to a 

woman, as an instrument for the birth of a third child. This follows from the finding, 

well-documented in the demography literature, that parents prefer ‘balanced’ 

families in terms of the sex composition of their children, and are more likely to have 

a third child if their first two children are of the same sex. This has the disadvantage 

of limiting the analysis to women with at least two children, but the advantage that 

the instrument is clearly exogenous.

In this paper, the sex of the first two children and experiencing a multiple second 

birth are used as instruments for the birth of a third child, and the female labour 

supply equation is estimated under three different specifications, using two British 

data sets. Under all specifications with both the data sets, fertility variables are found 

to be endogenous in the female labour supply equation, and failing to account for this 

endogeneity leads to exaggerated estimates of the negative effect of children on 

labour supply. Hours of work equations are also estimated for working women, and 

evidence is found to suggest that fertility is also endogenous in the hours of work 

decision.

The paper is stmctured as follows: in Section 2 the two data sets are presented, and 

some summary statistics given. In Section 3 parents’ preferences over the sex 

composition of their families are discussed, demonstrating that sex composition is 

useful as an instrument for fertility and preferable to a number of conventionally
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used instruments. Section 4 sets out a model of female labour supply, and presents 

and discusses results from estimation; Section 5 concludes.

DATA AND DESCRIPTIVE STATISTICS

Two data sets are used: the National Child Development Study and the British 

Household Panel Study.

2.1  T h e  N a t io n a l  C h i ld  D e v e lo p m e n t  S t u d y  (N C O S )

The NCDS is a panel study which takes as its subjects all children bom in the week 

of 3rd - 9th March 1958. It was originally conceived as a one-off perinatal mortality 

study, and the first wave of data, collected shortly after the birth of the subjects, 

contains detailed medical and socioeconomic histories of their parents. Five follow- 

up studies were carried out when the cohort was aged 7, 11, 16, 23 and 33. The areas 

covered by these studies are shown in Table IV. 1. The studies between ages 7 and 16 

contain information on educational attainment, health, and family circumstances. 

Those at ages 23 and provide detaild histories of the subjects’ health, labour market 

behaviour and family and household situation since age 16. The data used in this 

study are mainly from the 5th follow-up when the cohort is aged 33.
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T a b l e  I V . l  

I n f o r m a t i o n  i n  NCDS

Year Age o f  
Cohort

Number in 
Sample

Information

1958 birth 17,414 maternal health, socioeconom ic conditions

1965 7 15,468

1969 11 15,503 health, educational attainment, family circumstances

1974 16 14,761

1981 23 12,537 education and training, family formation, housing.

1991 33 11,178 income, health, employment and unemployment

One problem with the NCDS data is that the sample is not representative, due to non- 

random attrition. Table IV.Al in the Appendix shows how attrition after the 4* wave 

is related to personal characteristics. Two factors are evident: more educated women 

were more likely to stay in the panel, and those who have chosen less ‘conventional’ 

lifestyles (cohabitation rather than marriage, spells of lone parenthood, and teenage 

motherhood) were more likely to drop out. The women in the NCDS sample are 

therefore more educated, ‘middle class’, and ‘conventional’, than a totally 

representative sample.

2.2 T h e  B r i t i s h  H o u s e h o ld  P a n e l  S t u d y  (B H P S )

The BHPS is a household-based paned data set, the first wave of which was collected 

around October 1991 and the second wave, which collected detailed information 

about fertility histories, was collected one year later in 1992. It is based on a 

nationally representative sample of approximately 5,000 households comprising 

10,000 individuals. Because the BHPS in 1992 was a relatively “young” panel, it is 

more likely to be representative than the NCDS. Additionally, the BHPS has the
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advantage of sampling women through a range of ages (the NCDS women are all the 

same age: 33 years old at Wave 5).

2 .3  S u m m a r y  s t a t i s t i c s

Table IV.2 gives information on key variables from the two data sets. Some 

differences between the two data sets arise because of the attrition described above; 

others are due to the NCDS women being all the same age (33) while the BHPS 

women range in age from 21 to 49. Although the mean age of the BHPS women is 

similar to that of the NCDS women, this may mask some of the differences between 

the samples. For example, the NCDS women are better educated than the BHPS 

women of their own age. But the BHPS women appear to be better educated on 

average because the sample contains a number of younger women who are better 

educated still. The mean number of children appears to be almost identical between 

the samples, but it is not clear that the women will go on to have identical completed 

fertility: many women in the NCDS will not have completed their families, but many 

of the younger women in the BHPS will not yet have started theirs.
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T a b l e  IV .2  

S u m m a r y  S t a t is t ic s

NCDS BHPS

Mean age 33 35.3

Number o f  children

0 24.76% 31.52%

1 18.60% 16.40%

2 38.38% 32.05%

3 14.22% 13.70%

4 + 4.04% 6.33%

Mean 1.58 1.53

Marital status

Married or cohabiting 81.92% 63.6%

Separated/ divorced/ widowed 8.32% 12.95%

Single 9.75% 23.45%

Education

Degree 11.56% 12.27%

‘A ’ levels (age 18) 19.14% 12.42%

‘0 ’ levels (age 16) 27.18% 45.53%

Labor force status

Full time market work 35.9% 37.65%

Part time market work 32.0% 29.59%

Unemployed 2.1% 3.64%

Working in the home 27.5% 23.48%

Other^ 2.5% 5.65%

Total in Sample 5680 2640^

1: including temporary and permanent sickness and full time 
education
2: women aged between 21 and 50
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2 .4  L a b o u r  m a r k e t  s t a t u s  a n d  fe r t i l i ty

Some simple cross-tabulations from the NCDS (Tables IV.3 and IV.4 below) 

confirm that there is a negative relationship between labour market status and 

fertility at all levels of fertility. Among women with no children, almost 80% are 

engaged in full-time market work. The number in full-time work falls to 37% for 

women with one child, to 18% for women with two children, 14% for three children 

and 10% for mothers of four or more. For mothers of one or two children, part-time 

work is a favoured option (46% of women with two children work part-time), but it 

becomes less popular with mothers with larger numbers of children. Only a very few 

childless women spend their time at home, and nearly all of those are married 

women. It is likely that some of the married women in this category do not report 

themselves as unemployed because they are ineligible for state benefits.

Two features of the data are of particular interest. First, there appears to be enough 

difference between the behaviour of mothers of two children and those with three 

children, to provide adequate variation for the proposed purpose. Second, married 

women behave in a similar way to women in other marital states, and thus one may 

work with all the data, rather than a subsample of married women. This is preferable 

for two reasons. The first is that there is an obvious advantage to working with as 

many observations as possible. The second reason is that as marriage (or even 

permanent cohabitation) becomes less and less the norm, studies which consider only 

married women, or only those in families which have remained stable over a 

particular period, are likely to be less and less useful in explaining the behaviour of 

the population as a whole.
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T a b l e  IV.3

L a b o u r  m a r k e t  a c t i v i t y  b y  n u m b e r  o f  c h i l d r e n : a l l  w o m e n

Number o f  children 0 1 2 3 4  +

Full time market work* 79.84% 36.83% 18.17% 13.58% 10.00%

Part time market work* 8.59% 30.50% 45.90% 39.14% 26.52%

Unemployed 3.69% 2.08% 1.33% 1.60% 1.30%

Working in the home 3.97% 28.71% 32.63% 43.33% 61.30%

Other^ 3.91% 1.89% 1.97% 2.35% 0.87%

1409 1059 2185 810 230

1: employment and self-employment
2: including temporary and permanent sickness andfull-time education
Sample: 5693 women aged 33 from the National Child Development Stucfy, Wave 5, 1992

T a b l e  IV.4

L a b o u r  m a r k e t  a c t i v i t y  b y  n u m b e r  o f  c h i l d r e n : m a r r i e d  w o m e n

Number o f  children 0 1 2 3 4 +

Full time market work* 76.4% 34.8% 17.8% 13.4% 12.9%

Part time market work* 12.8% 33.5% 46.8% 41.4% 28.3%

Unemployed 1.7% 1.6% 1.2% 1.7% 1.2%

Working in the home 7.1% 28.5% 32.4% 41.2% 57.1%

Other^ 2.0% 1.7% 1.9% 2.3% 0.6%

Number o f  women 602 765 991 694 170

1: employment and self-employment
2: including temporary and permanent sickness andfull-time education
Sample: 4092 married women aged 33 from the NCDS, Wave 5 (1992)
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3 PARENTS’ PREFERENCES OVER THE SEX OF CHILDREN

3 .1  T h e  p r e f e r e n c e  fo r  b a la n c e d  fa m i l i e s

There is a large body of research, mainly in the demography literature, on parents’ 

preferences over the sex composition of their offspring. Preferences vary between 

cultures, and within the same culture over time.

Williamson (1983) gives a summary of the findings of over 50 studies of sex 

preference. In developing countries, a marked preference for sons is usually found, 

though this tends to have an effect on total fertility only when relatively small family 

sizes are preferred and couples have some access to contraception. This is also found 

by Das ( 1 9 8 7 ) 0

In developed countries, the main finding is a preference for ‘balanced’ families with 

equal numbers of boys and girls, sometimes with a secondary preference for sons if 

families want an odd number of children. Typically, among families who have 

reached parity^^ n, a U-shaped relationship is found between the number of sons and 

the parity progression ratio (the proportion of families progressing from parity n to 

parity n+L Families with more equal numbers of boys and girls are less likely to 

have another child than those with more unequal numbers of boys and girls. This 

relationship is most marked at parity 2 and is not always evident at higher parities.

Parity here refers to the total number of children bom to a woman.
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This paper examines only the preferences relating to the progression from parity 2 to 

parity 3. This is partly because at this parity the preference for balanced families is 

particularly strong, but mainly because the modem trend towards smaller families 

means that few families in more developed countries progress to parities higher 

than 3.

Several studies using US data (for example, Ben-Porath and Welch 1976; Pebley and 

Westoff 1982) have found that among mothers with two children, those with one boy 

and one girl are less likely to have a third child than those with two boys or two 

girlŝ "̂ . Information on the sex preferences of the British is much more limited. 

Thomas (1951) examines the family histories of medical students and finds that both 

their parents and their grandparents were more likely to have stopped at two children 

when those two children were of different sexes. The sample is small (230) but the 

results are significant. Peel (1970) notes that 45.7% of 350 couples in the Hull 

Family Survey express a preference for one boy and one girl, with an additional 

34.9% preferring two boys and one girl, two of each sex, or two girls and one boy. 

Both these studies are small but they are indicative of some degree of preference for 

‘balanced’ families.

In Table IV.5 below, the NCDS and BHPS data are compared with the US data sets 

used by Ben-Porath and Welch (1976) and Pebley and Westoff (1982). In each case 

the parity progression ratio (PPR) at parity 2 is shown for different sex compositions 

of the first two children.

See Ben-Porath and Welch (1976); Pebley and Westoff (1982)
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T a b l e  IV .5  P a r i t y  p r o g r e s s i o n  r a t i o s :  t h e  f r a c t i o n  o f  m o t h e r s  w i t h

TWO CHILDREN WHO HAD ANOTHER CHILD, BY SEX OF FIRST TWO CHILDREN

2 girls 2 boys One o f  
each

Aggre
gate
PPR

Sample
Size

statistic

(1)

US Census, 1970 (2) 0.56 0.56 0.51 - 131866 249.1^

US National Fertility Study, 1970 (3) 0.622 0.632 0.548 - 4032 26.4^

BHPS, 1992 0.497 0.492 0.412 0.453 2609 17.8

NCDS, 1991 0.375 0.379 0.267 0.322 3227 45.0

(1) Associated 0.05 critical value is 6.0

(2) Ben-Porath & Welch, 1976

(3) Pebley & Westoff, 1982

(4) ^  statistic reported in study

(5) ^  statistic computed from figures given in study

In all cases the PPR is significantly higher for two-girl or two-boy families than it is 

for families with one boy and one girl. For example, in the NCDS, 38% of mothers 

with two girls or two boys have gone on to have a third child, compared with only 

27% of mothers with a girl and a boy. In the BHPS, 49% of mothers with two boys 

or two girls have had a third child, compared to only 41% of those with a girl and a 

boy.

Although for all data sets the PPR is lower for mothers of ‘one of each’ rather than 

‘two the same’, the aggregate PPR varies between the NCDS and the BHPS. In 

aggregate, 45% of mothers in the BHPS had a third child compared with only 32% of 

mothers in the NCDS. This difference in aggregate PPR might be explained in a 

number of ways:

1. By differences in age between the samples (the women in the NCDS sample are 

all aged 33, while the women in the BHPS have a mean age of 51). This means 

that the NCDS women are less likely to have completed their families.
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2. The NCDS women are from a younger cohort than the BHPS women, when 

fertility is trending downwards over time. Given the data available here, it is not 

possible to distinguish between age and cohort effects.

3. The more educated and “middle class” women remaining in the NCDS sample 

after non-random attrition (described in Section 2), may be expected to have 

lower completed fertility than the more representative BHPS women.

Table IV.6 below gives PPRs for subsamples of the BHPS broken down by age. The 

subsample of BHPS women who are about the same age as the NCDS women have 

an aggregate PPR of about 41%, suggesting that the difference between the aggregate 

PPRs in the two samples is due to a combination of age/cohort effect and an effect 

due to non-random attrition from the NCDS.
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T a b l e  IV.6 P a r i t y  p r o g r e s s i o n  r a t i o :  t h e  f r a c t i o n  o f  m o t h e r s  w i t h  t w o
CHILDREN WHO HAD ANOTHER CHILD, BY SEX OF FIRST TWO CHILDREN

2 the same 2 different Aggregate
PPR

Sample
Size

BHPS: Whole Sample 0.494 0.412 0.453 2609

BHPS: Women aged over 36 0.511 0.447 0.479 2067

BHPS: Women aged < 36 0.427 0.280 0.352 542

BHPS: Women aged 30-36 0.476 0.351 0.414 379

NCDS (All Women aged 33) 0.377 0.267 0.322 3227

3 .2  I n s t r u m e n t s  f o r  t h e  th ir d  b ir th

Table IV.7 shows the results of OLS regressions with the birth of a third child as the 

dependent variable, on several dependent variables which have been used as 

instruments for fertility in the past, as well as the instruments (multiple births and sex 

of children) which will be used later in the paper.

Some variables (ethnic group, the presence of current fecundity problems, and being 

a Catholic) do not predict fertility well. Other variables (mother’s number of siblings, 

duration of marriage, and the mother’s opinion at age 23 over the number of children 

she would like to have) are well correlated with fertility but it is difficult to argue 

that they have no effect on labour supply except via fertility.

The two instruments used in this paper: the sex of the first two children, and multiple 

second birth^^, are highly correlated with fertility, and it is relatively easy to argue 

that they have no independent effect on labour supply.

25 Compare with Rosenzweig and Wolpin (1980), who use a multiple first birth as an 
instrument.
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T a b l e  I V .7  I n s t r u m e n t s  f o r  t h e  T h ir d  B ir t h

Instrument

(1)

Coefficients

(2) (3)

Means

First 2 children boys 0 .1 11 0.136 0.109 0.239
(0.031) (0.024) (0.020)

First 2 children girls 0.105 0.112 0.105 0.242
(0.030) (0.024) (0.020)

Multiple 2”** birth 0.677 0.687 0.672 0.009
(0.141) (0.101) (0.079)

Current fecundity -0.070 -0.021 - 0.020
problems (0.067) (0.052)

Catholic 0.058 0.079 0.102
(0.041) (0.032)

Nonwhite -0.068 -0.108 - 0.007
(0.151) (0.134)

Mother’s no. o f  siblings 0.027 0.032 - 3.336
(0.007) (0.005)

Duration o f  marriage 0.012 - - 10.671
(0.004)

Ideal no. o f  children (1) 0.161 - - 2.568
(0.015)

Constant -0.409 0.126 0.262
(0.064) (0.023) (0.012)

R-squared 0.144 0.059 0.035

F-statistics for joint 21.43 19.81 39.48
significance o f  regressors*
Sample Size 1157 2208 3227

(1) Question asked at age 23 
All P-values are 0.0000 
Dependent variable: third child 
Standard errors in parentheses
Sample: National Child Development Study; women with two or more children 

Mean o f dependent variable: 0.2785
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4 ESTIMATION AND RESULTS

Over a sample of all women with two or more children, a probability model is 

estimated of the form:

Zn — CCq + (X^HIRD  ̂+

W O R K ,= \  \ ï  Z * > 0  5.1

WORKi = 0  if Z* <= 0

where Z/* is a latent variable, T H IR D  is a dummy variable indicating whether the 

woman has a third child; % is a vector of personal characteristics, assumed 

exogenous, and W O R K  is an indicator of the woman’s labour market participation, 

taking the value 1 if she goes out to work and 0 if she stays home. The error term 

may be written as

s^=a^6.-\-u. 5.2

where £ is composed of a random component u and the effects of an unobservable 

parameter 9. Following from the previous discussion, ^  is a parameter affecting both 

fertility and labour supply, and accounting for some of the observed (and spurious) 

relationship between the two.

To identify the model the assumption is used that the sex of the first two children 

affects a woman’s propensity to have a further child but does not affect her labour 

supply conditional on the number of children. Additionally, it is assumed that a
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multiple birth bestows an ‘extra’ child on a woman, but that the presence of twins 

does not affect labour supply conditional on a woman’s total number of children.

Three specifications for the model are considered, each with different exogenous 

regressors in X. In the first specification (Table IV.8) X contains only linear and 

squared terms in age. Education variables are added in the second specification 

(Table IV.9), and non-labour income variables (including partner’s income) in the 

third specification (Table IV. 10). One variable standard in the analysis of female 

labour supply is not used in these regressions: the age of the woman’s youngest 

child. Because the NCDS cohort are all the same age, the age of the youngest child is 

correlated with all the variables which determine the age at which a woman has her 

first child, and including this variable in regressions may cause more problems than 

it solves. The age of the youngest child may be more meaningfully included in 

regressions the BHPS sample; however, this would make comparisons between the 

samples more difficult. Therefore, regressions on the BHPS sample including the age 

of the youngest child are not reported; however, they were estimated, yielding 

coefficients on the THIRD variable almost identical to those reported.

For each specification, the coefficients obtained by OLS regression are compared 

with those obtained using two-stage least squares, instrumeting the THIRD variable 

with an instrument set consisting of BOYS (first two children are both boys), GIRLS 

(first two children are both girls), and TWINS (multiple second birth).

Exogeneity of the THIRD variable is tested using the method proposed by Smith and 

Blundell (1986). This involves inserting the residuals from the reduced form 

instrumenting equations into the OLS regression; the t-statistic on the coefficient for
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the residual constitutes a test for the exogeneity of the variable in question. The test 

is repeated twice for each specification: on the NCDS sample, and the BHPS sample.

The results (shown in Tables IV.8 -  IV. 10) are qualitatively consistent across 

specifications and data sets. In each case, the coefficient on THIRD is significantly 

negative when the equation is estimated under OLS, and in each case the coefficient 

becomes positive, although less precise, under 2SLS. For all specifications with the 

NCDS sample, the hypothesis that the THIRD variable is exogenous is rejected by 

the augmented regression test procedure described above: the t-statistics associated 

with this test are all greater in magnitude than 2 for the NCDS sample. For the BHPS 

sample they are smaller in magnitude, ranging from -1.75 to -1.20 (associated with 

significance levels of 10% to 25%). The lesser precision in the BHPS is in part due to 

the much smaller sample size, and possibly also to the greater heterogeneity within 

the sample. Two further tests were carried out: an F-test for the joint significance of 

instruments in the first-stage regressions, which in all cases indicate that the 

instruments are jointly significant with associated P-values of 0.000 in all cases; and 

a Sargan test of overidentifying restrictions which fails to reject the validity of the 

instruments in all cases.
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T a b l e  I V .8

E f f e c t  o f  a  t h i r d  c h i l d  o n  l a b o u r  m a r k e t  p a r t i c i p a t i o n : OLS a n d  2SLS

ESTIMATES (SPECIFICATION I)

OLS

NCDS

2SLS OLS

BHPS

2SLS

Third child -0.149 0.134 -0.128 0.091

(0.019) (0.101) (0.026) (0.129)

Age - - 0.101 0.086

(0.017) (0.019)

Age^ X 100 - - -0.103 -0.085

(0.023) (0.025)

Constant 0.640 0.549 -1.639 -1.435

(0.010) (0.034) (0.311) (0.336)

Mean o f  dependent 0.592 0.606
variable

Sample size 3227 1375

T-statistic for exogeneity -3.03 -1.75
o f ‘third child’

Sargan statistic 0.329 2.585

F-test for validity o f F(3,3223)=39.5 F(3,1369)=17.2
instruments (0.000) (0.000)

Dependent variable: labour market participation
Sample: all women with two or more children between the ages o f 21 and 49
Instruments for third child in 2SLS regressions are ‘boys’, 'girls’ (first two children are 
boys/girls), and ‘twins ’ (multiple second birth).
White (1980) corrected standard errors in parenthese below coefficients.
Sargan statistic is distributed with a chi-squared (2) distribution, with a critical value o f 5.99 
Figures below F-test statistics are associated P-values
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T a b l e  IV.9

E f f e c t  o f  a  t h i r d  c h i l d  o n  l a b o u r  m a r k e t  p a r t i c i p a t i o n : OLS a n d  2SLS

ESTIMATES (SPECIFICATION II)

NCDS BHPS

OLS 2SLS OLS 2SLS

Third child -0.149 0.123 -0.118 0.073

(0.019) (0.096) (0.026) (0.127)

Age 0.101

(0.017)

0.088

(0.019)

Age^ X  100 -0.103

(0.023)

-0.087

(0.025)

Degree 0.021 0.063 0.087 0.111

(0.034) (0.038) (0.044) (0.047)

‘A ’ levels -0.013 0.051 0.056 0.068

(0.025) (0.029) (0.047) (0.049)

‘0 ’ levels 0.053 0.075 0.071 0.080

(0.021) (0.023) (0.029) (0.030)

Technical qualifications -0.028 -0.007 0.044 0.063

(0.020) (0.022) (0.027) (0.030)

Constant 0.629 0.520 -1.725 -1.559

(0.015) (0.041) (0.312) (0.332)

T-statistic for exogeneity 
o f ‘third child’

-2.92 -1.54

Mean o f  dependent 
variable

0.592 0.606

Sample size 3188 1374

Sargan statistic 0.092 2.756

F-test for validity o f  
instruments

F(3,3180)=40.3

(0.000)

F(3,1369)=17.9

(0.000)

Dependent variable: labour market participation.. Sample: all women with two or more children 
between the ages o f 21 and 49
Instruments for third child in 2SLS regressions are 'boys', ‘girls’ (first two children are 
boys/girls), and ‘twins ’ (multiple second birth).
‘Degree ‘A levels ’ and ‘O levels ’ are mutually exclusive: omitted category is no qualifications. 
Technical qualifications are not mutually exclusive to academic qualifications.
White (1980) corrected standard errors in parentheses below coefficients.
Sargan statistic is distributed with a chi-squared (2) distribution, with a critical value o f 5.99 

Figures below F-test statistics are associated P-values.
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T a b l e  IV. 10

E f f e c t  o f  a  t h i r d  c h i l d  o n  l a b o u r  m a r k e t  p a r t i c i p a t i o n : OLS a n d  2SLS

ESTIMATES (SPECIFICATION III)

NCDS BHPS

OLS 2SLS OLS 2SLS

Third child -0.117 0.068 -0.063 0.079
(0.019) (0.092) (0.027) (0.120)

Age - - 0.090 0.080
(0.018) (0.019)

Age^ X 100 - - -0.093 -0.081
(0.024) (0.025)

Degree 0.037 0.063 0.096 0.111
(0.035) (0.038) (0.045) (0.047)

‘A ’ levels 0.005 0.028 0.042 0.046
(0.025) (0.028) (0.049) (0.050)

‘0 ’ levels 0.047 0.060 0.074 0.078
(0.021) (0.022) (0.029) (0.029)

Technical qualifications -0.033 -0.020 0.043 0.057
(0.020) (0.021) (0.027) (0.030)

Single -0.190 -0.156 -0.081 -0.075
(0.042) (0.047) (0.058) (0.060)

Partner not Earning -0.278 -0.275 -0.316 -0.327
(0.044) (0.046) (0.048) (0.049)

Partner’s Earnings -0.060 -0.060 -0.036 -0.034
X 100 (0.009) (0.009) (0.011) (0.011)

Other Unearned -0.156 -0.200 -0.258 -0.282
Income x 100 (0.036) (0.043) (0.073) (0.081)

Constant 0.851 0.791 -1.278 -1.130
(0.027) (0.040) (0.323) (0.342)

T-statistic for exogeneity -2.05 -1.20
o f  ‘third child’
Mean o f  dependent 0.591 0.595
variable
Sample size 3105 1253
Sargan statistic 0.880 3.608

F-test for validity o f F(3,3093)=42.9 F(3,1239)=16.3
instruments (0.000) (0.000)

Dependent variable: labour market participation. Sample: all women with two or more children 
aged 21-49. Instruments for third child in 2SLS regressions are ‘boys ‘girls ’ (first two children 
are boys/girls), and ‘twins ’ (multiple second birth). ‘Degree ‘A levels ’ and ‘O levels ’ are 
mutually exclusive: omitted category is no qualifications.Technical qualifications are not 
mutually exclusive to academic qualifications. ‘Single ’ is a dummy indicating that the woman 
does not live with a partner. ‘Partner not Earning’ is a dummy indicating that the woman lives 
with a partner who is not earning. ‘Partner’s Earnings ’ are weekly earnings measured net o f tax 
and NI contributions. ‘Other Unearned Income’ is weekly benefit and investment income.
White (1980) corrected standard errors in parentheses below coefficients.
Sargan statistic is distributed with a chi-squared (2) distribution, with a critical value o f 5.99
Figures below F-test statistics are associated P-values
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The assertion that these results are consistent between samples and across 

specifications requires some qualification. Firstly, the OLS coefficient on THIRD 

does become less negative as more variables are included in the regression. This may 

be explained as follows: the bias on the estimated aj arises as a result o f 0 being 

unobservable. If 0 were observable, OLS estimation would yield an unbiased 

estimate of this coefficient. A number of variables (such as, here, those relating to 

non-labour income) may be correlated vsdth 0, and may therefore control for the 

unobservable parameter in such a way as to reduce the bias on the estimated 

coefficient. This may also account for the differences between NCDS and BHPS 

coefficients, since the BHPS women are of different ages; if 0 has been changing 

over time, then age will control for part of the effect of 0

There are also differences between the two-stage least squares coefficients on THIRD 

under different specifications: the coefficients tend to be closer to zero when more 

variables are included in the regression, although in this case the standard errors are 

such that the hypothesis of no difference between the coefficients obtained from 

different specifications is not rejected. None of the coefficients on other variables 

change significantly from one specification to another.

Finally, there are differences in the coefficients on THIRD between the NCDS and 

BHPS samples, with the coefficient under OLS being more negative for the NCDS 

than the BHPS sample, while under 2SLS the coefficient is larger for the NCDS 

sample in the first two specifications but not the third.
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It is interesting to compare these estimates with those obtained by Angrist and Evans 

(1998). Using subsamples of the US census for 1980 and 1990, they report OLS 

coefficients on the third child variable of -0.176 (0.002) and -0.155 (0.002) for the 

1980 and 1990 samples respectively; and IV coefficients of -0.120 (0.025) and 

-0.092 (0.024) for the two samples. Thus, the IV coefficients are significantly less 

negative than the OLS estimates; however, they are still negative and precisely 

estimated.

The OLS coefficients estimated in this paper, ranging from -0.117 to -0.149 for 

NCDS and -0.128 to -0.063 for BHPS, are not far different from those estimated by 

Angrist and Evans. However, the 2SLS coefficients estimated in this paper are all 

positive, and although none of them are significantly different from zero, they are 

significantly different to Angrist and Evans’ negative estimates. The difference in 

precision is almost certainly caused by different sample sizes: the US census 

subsamples are over 100 times larger than the NCDS sample. But what of the 

different signs? One possible explanation is that the dependent variable is differently 

measured in the two papers: here, the variable relates to whether the mother is going 

out to work at the time of the interview, whereas Angrist and Evans use a variable 

based on whether the woman worked at all for pay in the preceding year, which may 

have been before the birth of the third child. In fact it is hard to see how this 

difference in measurement could account for the different estimates: if it really is the 

case that having a third child has a negative effect on the probability that a mother 

goes out to work in the US, but that a third child makes no difference to this 

probability in the UK, the reason may lie in differences between welfare systems
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between the two countries, in different provisions for maternity leave, or in the 

relative availability of part-time work.

Looking briefly at other coefficients in the regression, the participation function is 

concave in age, peaking at around age 50 (age does not appear in the NCDS 

regressions since all the NCDS women are 33). The age and age squared coefficients 

do not give a great deal of information about the ‘true’ effects of age on participation 

because of the composition of this sample. Since women with two or more children 

are considered, the younger women in the sample have younger children, and 

therefore the age coefficients reflect more the effect of the age of the youngest child 

than the effect of age in itself, especially for the younger women.

The education coefficients are in general of the expected sign (positive) sign, and in 

general they have a higher magnitude for higher qualifications (a degree is the 

highest qualification, followed by ‘A’ levels, which are obtained at the age of 18, and 

then ‘O’ levels, obtained at age 16. Technical qualifications may be held in addition 

to any of the other qualifications). Not all the education coefficients are of the 

expected sign, but those of the “wrong” sign are not significantly different from zero. 

In the fist-stage equations, the education coefficients are all well-determined and of 

the expected sign and relative magnitude, while the standard errors are rather large in 

the participation equations.

The non-wage income coefficients are again of the expected signs. The large 

negative coefficients on single and partner not earning may be interpreted as 

disincentive effects brought about by the benefits system, since the withdrawal of 

benefits when these women begin to earn brings about a high effective marginal rate
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of taxation. The effect of non-wage household income on women’s labour supply is 

also negative: the fact that the effect of other income is so much larger than that of 

partner’s earnings again reflects the disincentive effects of the withdrawal of state 

benefits.

Failing to account for the endogeneity of regressors may lead to biased estimates, not 

only of the coefficient on the variable in question, but also of other coefficients 

correlated with the endogenous variable. In this case, however, none of the 

coefficients except THIRD differ significantly between OLS and 2SLS estimates. So, 

although failure to account for fertility as endogenous will lead to biased estimates of 

the effect of fertility on labour supply, it appears that estimates of other coefficients 

may not be affected.

It is clear that the 2SLS coefficients on THIRD are significantly different from the 

OLS coefficients, but how should their sign and magnitude be interpreted? None of 

the coefficients is statistically significant from zero at the conventional 5% level, but 

given that the R^ in the instrumenting equations is never greater than 10%, this is 

entirely unsurprising. What is remarkable is that the coefficient is positive every 

time, and is relatively stable in magnitude. The fact that these findings are consistent 

with those of some other researchers^^ may lead one to infer very tentatively that the 

marginal effect of the third child is actually to increase labour market participation, 

perhaps because of an income effect. Alternatively, researchers such as Hill and 

Stafford (1985) who maintain that fertility has no effect on labour supply may not be 

far wrong in their assumptions.

26 Cain and D o o ley  (1976); H out (1 9 7 8 )
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4 .1  H o u r s  o f  w o r k

Similar results to those obtained for female labour force participation also apply for 

hours of work; results for the hours of work equations are reported in Table IV. 11. 

For hours of work, Tobit equations are estimated, as follows:

Yf =  « 0  +  a^THIRDi +

HRSW^ = Y* if  Y * >0  5.2

HRSW: = 0  if K* <= 0

Where 7 / is an unobserved latent variable, HRSWt are the hours of work observed

for the fth woman, and other variables and parameters are as described for equation 

5.1. The ‘two-stage’ version of the Tobit regressions is obtained by first regressing 

the probability of having a third child on the instruments ‘boys’, ‘girls’ and ‘twins’; 

and inserting the predicted values of ‘third’ into the Tobit regression in place of the 

observed values of the variable.

The results in Table IV. 11 report estimates for the NCDS sample (as before, 

estimates from the BHPS sample are qualitatively similar but less precise). These 

estimates tell essentially the same story as those in the previous three tables: if 

endogenous fertility is not taken into account, the third child appears to be associated 

with a significant decrease in weekly hours of work, with coefficients ranging from -  

7.505 to -  5.894. Controlling for endogenous fertility the third child is associated 

with an increase in hours of work, with coefficients ranging from 4.650 to 7.092. As 

in the participation equation, these estimates fall short of significance at the 5% 

level; however, the t-statistics from the augmented regressions show that they are
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significantly different from the OLS estimates. As was the case for the participation 

estimates, the estimates presented here which are not adjusted for the endogeneity of 

the ‘third child’ variable are comparable to those obtained by Angrist and Evans 

(1998); however, when endogeneity of the third child variable is taken into account, 

the positive and insignificant estimates obtained here are significantly different from 

the negative and significant estimates obtained by Angrist and Evans.

T a b l e  I V . l l  

E f f e c t  o f  a  t h ir d  c h il d  o n  h o u r s  o f  w o r k

S p e c if ic a t io n  I 

B C

Sp e c if ic a t io n  II 

B C

S p e c if ic a t io n  111 

B c
Third child -7.505 7.092 -7.687 6.429 -5.894 4.650

(0.948) (4.914) (0.966) (4.922) (0.968) (4.661)
Degree - - 0.595 2.850 2.951 4.359

(1.761) (1.928) (1.777) (1.879)
‘A ’ levels - - 1.406 3.260 1.499 2.797

(1.253) (1.435) (1.254) (1.377)
‘0 ’ levels - - 1.581 2.730 1.921 2.609

(1.065) (1.142) (1.052) (1.094)
Technical - - -1 .6 8 6 -0.534 -1.587 -0.928
qualifications (1.006) (1.081) (0.988) (1.028)
Single - - - - -8.410 -6.809

(1.949) (2.069)
Partner not Earning - - - - -11.607 -11.569

(2.144) (2.142)
Partner’s Earnings - - - - -3.773 -3.790
X 100 (0.420) (0.420)
Other Unearned - - - - -9.233 -11.535
Income x  100 (1.263) (1.620)
Constant 7.259 2.561 7.028 1.384 19.486 16.259

(0.541) (1.658) (0.771) (2.096) (1.285) (1.912)
T-statistic for -3.01 -2.90 -2.28
exogeneity o f  ‘third
child’

Sample size 1640 women with hours 1616 women with hours 1571 women1 with hours
> 0 > 0 > 0

1316 women with hours 1302 women with hours 1270 women with hours
= 0 = 0 = 0

Dependent variable: weekly hours o f work.
Sample: all women in NCDS
Instruments and variable definitions as in Tables IV.8-IV.I0
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5 CONCLUSIONS

This paper has investigated the endogeneity of fertility variables in the female labour 

supply and hours of work equations using family sex composition as an instrument 

for the third birth. These results suggest that fertility is endogenous in both the labour 

market participation and hours of work decisions of women, either because labour 

market participation affects the decision as to whether to have additional children, or 

because some third unobservable factor is driving both participation and fertility.

This study suggests clearly that failing to account for the endogeneity of fertility 

variables at parity 2 leads to overestimates the negative effect of children on female 

labour supply, both in terms of labour force participation and hours of work. What is 

less clear is the direction of the ‘true’ effect of the third child on labour supply once 

the endogeneity of the fertility variables has been taken into account. The estimates 

in this paper are all positive but not significantly different from zero, contrasting with 

estimates from the US which suggest that endogeneity of fertility variables does lead 

to exaggerated estimates of the effect of children on female labour supply, but that 

the ‘true’ effect is still significantly negative.

It is entirely possible that differences between labour market conditions in the US 

and the UK mean that an extra child would have a different effect on mothers’ labour 

supply in the two countries. Policies which enable women to return to work more 

easily after having children (such as easily available or subsidized daycare; more 

generous maternity leave provisions; having the right to take time off work to look 

after a sick child, and so on) will mean that additional children have less of a
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depressing effect on participation and hours of work. A plentiful supply o f part-time 

jobs, giving mothers a choice of hours, will mean that more mothers choose to go out 

to work, although since many of them will work shorter hours than they would if 

part-time jobs were not available, the net effect on hours of work is not clear. The 

welfare system will also play a part, particularly where single mothers are concerned: 

where welfare benefits are low and/or not means-tested, children will have less of a 

depressing effect on their mothers’ labour supply than where welfare benefits are 

higher and/or means tested. All these considerations mean it is quite possible that the 

effect of an additional child affects labour supply differently in different countries.

Further research with larger data sets should provide more precise estimates for the 

UK; in the meantime, this paper has found that failing to account for the endogeneity 

of fertility in the female labour supply function generates biased estimates of the 

effect of children on female labour supply; and suggests that either children have no 

effect on their mothers’ labour supply, or possibly that when additional children enter 

a family, an income effect may outweigh the substitution effect and children actually 

have a positive effect on labour supply.
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6 APPENDIX

T a b l e  IV.A1: P r o b a b i l i t y  o f  A t t r it io n  a f t e r  W a v e  4 o f  NCDS

Probit Coefficients Sample Means

Stayed at school after 16 -0.147 0.293

(0.047)

Any ‘0 ’ levels -0.194 0.643

(0.042)

Married by age 23 -0.105 0.594

(0.041)

Cohabited by age 23 0.167 0.113

(0.058)

Lone parent by age 23 0.099 0.080

(0.072)

Had a child by age 19 0.167 0.120

(0.063)

Constant 0.685 -

(0.043)

^  = 0.016
F(6, 6256) = 16.99
Sample size: 6263females.
Dependent variable: Left sample after Wave IV 
Mean of dependent variable =  0.1964
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T a b l e  IV . A 2
F ir s t -s t a g e  r e g r e s s io n s  f o r  p r o b a b il it y  o f  h a v in g  a  t h ir d  c h i l d

S p e c if ic a t io n  I 

NCDS BHPS

S p e c if ic a t io n  II

NCDS BHPS

Sp e c i f i c a t i o n  t it  

NCDS BHPS

Boys 0.109 0.093 0.108 0.090 0.107 0.074
(0 .0 2 0 ) (0.031) (0 .0 2 0 ) (0.031) (0.019) (0.032)

Girls 0.105 0.116 0 .1 0 2 0.114 0 .1 1 2 0 .1 2 1

(0 .0 2 0 ) (0.033) (0 .0 2 0 ) (0.032) ( 0 .0 2 0 ) (0 .034)

Twins 0.672 0.613 0.679 0.636 0.691 0.638
(0.079) (0.107) (0.078) (0.107) (0.078) ( 0 .1 1 1 )

Age - 0.067
(0 .0 2 0 )

0.068
(0 .0 2 0 )

0.071
( 0 .0 2 1 )

Age^ X 1 0 0 - -0.083
(0.027)

-0.084
(0.026)

-0.083
(0.027)

Degree - - -0.157 -0.123 -0.139 -0.098
(0.032) (0.046) (0.032) (0.048)

‘A ’ levels - - -0.140 -0.076 -0.125 -0.039
(0.023) (0.050) (0.023) (0.052)

‘0 ’ levels - - -0.082 -0.065 -0.068 -0.042
(0 .0 2 0 ) (0.030) (0 .0 2 0 ) (0.031)

Technical - - -0.079 -0.094 -0.065 -0 .1 0 2

Qualifications (0.018) (0.028) (0.018) (0.290)

Single - - -0.179
(0.036)

-0.029
(0.053)

Partner not Earning - - -0.006
(0.038)

0.091
(0.049)

Partner’s Earnings - - - - 0 .0 0 1 -0.013

X 100 (0.007) (0 .0 1 1 )

Other Unearned Income x - - - - 0.235 0.158
10 0 (0 .0 2 2 ) (0.041)

Constant 0.262 -1.005 0.342 -0.922 0.251 -1.109
(0 .0 1 2 ) (0.367) (0.015) (0.367) (0.024) (0.378)

Mean o f  dep. variable 0.322 0.385 0.322 0.384 0.320 0.382

Adjusted 0.035 0.045 0.057 0.060 0 .1 0 0 0.086

F-statistics* 39.48 17.15 40.34 17.87 43.19 16.33
(3, 3223) (3, 1369) (3 ,3180) (3, 1364) (3, 3093) (3, 1239)

F-statistics** 39.48 13.97 28.46 1 0 .6 6 32.49 10.07
(3, 3223) (5, 1369) (7 ,3180) (9, 1364) (11 ,3093 ) (13 ,1239)

Sample Size 3227 1375 3188 1374 3105 1253

Dependent variable: whether the woman has a third child. Sample: women with two or more 
children aged between 21 and 49.F-stats marked * refer to the joint significance o f the three 
instruments used (boys, girls and twins). Those marked ** refer to joint significance o f all 
regressors. Degrees o f freedom in square brackets. All P-values for * and ** are 0.0000
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CONCLUSION

Each of the papers in this thesis comes with a concluding section of its own, so there 

is little to add here, except to summarise the main findings of each section, to tie the 

whole thing together, and to point the way for future research in this area.

In the first paper, which investigated the effects of class size on student attainment, I 

found that when estimating the effects of class size it is crucial to account for the fact 

that lower-attaining students are allocated to smaller classes: if this is not done, 

estimates are contaminated by this allocation process and are not truly reflective of 

the effects of class size. Instrumental variables techniques are used to produce 

coefficients which more properly reflect the effect of class size, and show that small 

classes at age 7 have a positive effect on reading scores: a reduction of 8 pupils in a 

class is associated with an increase of around 0.29 standard deviations in reading 

scores. Interestingly, this result does not hold for mathematics, where class size 

appears to be much less important. This is obviously a key area for future research. If 

it is really true that small classes matter for reading but not for maths, this has 

obvious implications for the allocation of resources within schools. However, there 

are several other reasons why this result may have arisen, including the possibility 

that class size does matter for mathematics but not in the early years, and the 

possibility that the mathematics test used for seven-year-olds in the NCDS may not 

have been a very good indicator of mathematical ability or attainment.

In the second paper, I investigated the relationship between the siblings with whom a 

young person grows up and his or her later educational outcomes. As this paper
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covers a rather wide area, it has thrown up a number of interesting findings, some of 

which suggest future research projects. I have found quite strong evidence that eldest 

children do better at all stages of their educational careers than middle- or youngest- 

born children; it would be interesting to assess whether this effect spills over into the 

labour market, perhaps being reflected in greater job satisfaction or higher wages. 

This paper also finds that only children do less well than firstborns in sibships of 

two, but that this effect is confined to mathematical indicators, and only children are 

not disadvantaged in reading and language indicators. This disadvantage in 

mathematics is evident for only children right across the age range, and therefore is 

unlikely to be due to problems with an individual test. However, it is possible that 

due to a quirk of sampling, only children in the NCDS happen to be less good at 

mathematics than at reading. Because of this, it would be extremely interesting to try 

and replicate these findings using another data set such as the 1970 birth cohort. As 

well as ascertaining whether the NCDS results could possibly be a factor of the 

sample chosen, using BCS70 would provide information on a younger cohort than 

the NCDS: there is no guarantee that the effects of family structure remain constant 

over the years, and BCS70 may provide results which are more closely mirror the 

effects of family structure facing children today. If the finding is confirmed that only 

children are disadvantaged in mathematics, this will generate a further direction for 

research (probably of quite a different type to the research in this paper), looking at 

the processes behind the acquisition of mathematical and linguistic skills.

In the third paper I examined the relationship between the number of children bom to 

a woman and her labour supply. Comparing estimates obtained by OLS and 

Instrumental Variables, it is clear that children variables are endogenous in the
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female labour supply function, and that failure to account for endogeneity o f children 

variables in the labour supply function leads to estimates of the effect of children on 

female labour supply which are biased downwards. The instrumental variables 

estimates yield coefficients on the fertility variable which are positive, but not very 

precisely estimated, and therefore it is not clear whether the ‘true’ effect of children 

on their mothers’ labour supply is zero, whether it is positive, or whether in fact it is 

negative. Repeating these estimates with a much larger sample would provide more 

precise estimates; although there are no very large British data sets which contain 

complete retrospective information on women’s fertility histories and also 

information on their labour market behaviour, there are several large data sets which 

record the number of children living with the mother, which would allow these 

estimates to be run on a young subsample of women likely to have all their children 

living at home with them. As well as being interesting in itself, obtaining more 

precise estimates of the effect of children on female labour supply would enable 

comparisons to be made with estimates from the US (and other countries). This paper 

has suggested that these estimates may differ between countries because of different 

welfare systems, features of the labour market, and the availability of part-time jobs.
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