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Abstract

This paper uses the 1970 cohort to develop an index of development for 1292 UK children
assessed at 22, 42, 60 and 120 months. The paper discusses the importance of these early scores
as measures of human capital formation and argues that they can provide insights for growth or
labour economists as well as those concerned with social equity. Position in the distribution of
this index at 22 months (in 1972/3) is shown to predict final educational qualifications at age 26
(1996). The position at 22 months is shown to be related to family background. However, the
children of educated or wealthy parents who scored poorly in the early tests, had a tendency to
catch up whereas children of worse off parents who scored poorly were extremely unlikely to catch
up and are clearly shown to be an at-risk group. As children mature and do more discriminating
tests, the family background association strengthens.

Tony Blar has famoudy made education the priority of his Government and it is clear thet
human capita production plays acentra role in the Government’ s thinking about inequdity. It iswdll
understood that the Government wishes to reduce income inequdity through reducing educetiond
inequality. However, socid and family background factors influence or are associated with the
development of children before they have entered school or, even pre-school. Liaw et al. (1994),
for example, show that “a risk factors’, such asfamily menta hedth or problem behaviours related
to poverty, influence the 1Q of children as young as age three. Klebanov et al. (1998) show that
these risk factors influence the development of North American one-year olds and that, moreover,
poverty sgnificantly affects children by age two. By age three, even neighbourhood effects have
played aggnificant role.

At face vaue, this evidence suggests that educationd interventions after children have
aready entered school may cometoo late. Family background or genetic factors have dready
played their role in generating intergenerationa inequaity. However, such a concluson would place
agtrong weight on early 1Q and developmenta scores, and it isimportant to know to what extent
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early measures of ability are correlated with later ability and qudifications. This paper, therefore,
attempts to answer three questions: @) whether indicators of pre-school development are associated
with find, adult educationa outcomes; b) whether performance in these pre-school indicatorsis
dratified by socid class, and ¢) how this dratification changes as children mature.

There are many sudies in the literatures of developmenta psychology, psychometrics and
behavioura genetics that have sought to consider the descriptive questions addressed here, but none
of which | am aware that have sought to do dl three in asingle, large and representative data- set.
Studies have typicaly been on smadl or specific samples not representative of the generd population,
and mogt sudies have been on American children for which the patterns of association with family
background may be different to those for UK children. Moreover, the mgority of early development
studies, such asthose of the High/Scope programme in the U.S., have been based on specidly
selected, non-random samples (Berrueta- Clement et al. (1984), Schweinhart, et al., (1986) among
others). This paper exploits the 1970 Birth Cohort Survey (BCS), alongitudina data- st with
unparaleed cross-sectiond and longitudind richness. Particularly useful are the tests of devel opment
given in two sub-samples, when the children were 22 and 42 months old. Selection was random
subject to attrition and to the important restriction thet al the children in these early sub-samples
were from two- parent familes. This restriction isimportant but, nonetheless, the sampleis wider and
more representative than those mentioned above. Children from the full income range are included
and the sampleis nationd.

However, the results of this study would not surprise those working in the disciplines
mentioned. Answers have aready been devel oped to these three questions in other data that may
lack the representativeness of the data used here, but | do not claim to add any striking, new
information to those disciplines. Rather, the objective of this paper isto report these results to
economists, through investigation of the nature of the Stratification in the data set to be introduced
and examined below.

One may ask why economists should be interested. | have dready pointed to an important
policy question but one might argue, more broadly, that it isimportant for economists to be aware of
the process of human capital formation. Human capital plays an important rolein explaining
individua wages, and there have been many attempts to use endogenous human capitd to explain
growth at the macroeconomic leve. It islikely that complexities in the process of human capita

formation account for the failure of many human capita modes of growth to be empiricaly



vdidated. Human capitd is not just the result of schooling investments but is formed through a series
of genetic, parenting and wider socid inditutions. Better understanding of these issues might lead to
more successful modelling. This paper does not attempt to address in detail the generd question of
how human capitd isimportant for Labour or Macroeconomics but describes one of the
complexitiesin its formation, namely the stability and meaning of tests of human capital development
through childhood.

The answers given by this paper are descriptive; the paper does not make the excessively
strong assumptions necessary to attempt estimation of the degree of state-dependence that would
darify somewhat the nature of the causal mechanisms underlying these patterns of association. The
reasons for this are given in Section 1, which aso describes the data and addresses the issue of the
meaning of indices of childhood development. Arguments are put forward supporting the use of the
firgt principa component as such an index. Since thisis a fraught issue in psychologica research
there will be some discussion of debatesin this area, followed by discusson of how the scores are
modelled. Section 2 will assess the gability of thisindex as children mature, and Section 3 will
assess the extent of socid dratification. Family background variables may pick up genetic or
environmentd effects, so to facilitate interpretation of the meaning of dratification Section 3 includes
abrief discussion of the wider evidence for each. Section 4 concludes and offers some avenues for

future research.
1. TheData

Table 1 reports the ages a which the 1970 cohort have been sampled, together with sample
numbers. Of particular vaue, here, is the data collected when the children were 22 and 42 months
old. Dueto medica concerns about the effect of feta manutrition on brain cdll proliferation, a sub-
sample of BCS children were studied at these ages. A ten percent random sample of dl births was
taken together with those children who were considered to be most &t risk from feta malnutrition.
Numbers from each of these sub-groups within the 22 and 42 month sub-sample are givenin Table
1



Table 1: Observationsin first four sweeps of BCS

Total Test scores Test
scoresin
common
Birth 17196
22 month sub-sample, 2457 2436
Random control sub-sample 1125
At-risk sub-sample:
Twins 228
Post-mature babies 748
Smdl-for-dates babies 567
42 month sub-sample, 2315 2297 2045
Random control sub-Sample 1093
At-risk sub-Sample:
Twins 211
Post-mature babies 676
Smdl-for-dates babies 527
5years 13135 11738 1672
10years 13871 12308 1292
26 years 9003 839%5

Notes. Theprimary objective of the data collector swasto study the effects of fetal malnutrition. Twins, post-
matur e and small-for -dates babies wer e included in the sub-sample because these groups wer e thought to be at
risk. Post-mature denotes children born after term and at risk of fetal malnutrition because placental growth is
said to cease from the 39" week of pregnancy. Small-for -dates babies ar e those showing evidence of fetal
retardation at every gestational age. Groupsare not mutually exclusive.

Although there were over 17000 children in the full cohort, this paper only makes use of the
information about children in the pre-school sub-sample, 2457 children. There isinformation about
test scores at dl four agesfor 1292 of these children and thisis the sample frame for the paper.

There are two main concerns about the sub-sample data. Firstly, the 10% random group
suffered 27% non-response due to hedlth vistor staff shortages, parentd refusd or tracing
difficulties. Thiswould lead to concerns about attrition if response was non-random, perhapsif
parents who cared little for their children were less likely to submit their children for examination.
However, the Indtitute of Child Health compared the random group to its equivaent in the British
Births Survey and found no differences a the 5% leve in terms of mortdity, birth-weight, length of
gedtation, socid class, sex, maternd height, materna age and the mother’ s country of birth. Thereis
evidence from elsewhere in this survey that parenta care is often found to be associated with many
of these factors and so there are grounds for optimism that the control sample is representetive of
the wider population.

Second, inferences about mobility and explanation of test scores in the genera population
using the non-random components of the sub-sample are likely to be biased if fetd manutrition is



indeed linked both to the development of brain activity and so to performance in devel opmenta
tests, particularly since fetal malnutrition is dso linked to unobserved aspects of family background.
Two strategies are adopted. Firdly, analysis was undertaken on each sub-group separately to test
whether results varied from those for the control group. Generaly it was found that there was no
ggnificant modd estimation divergence between the sub-groups and the control group, dthough the
at-risk children did show evidence of dower cognitive development. Secondly, for regressions a
weighted least squares procedure was used, with unreported sub-group dummy varigblesto control
for membership of a particular sub-group. These two strategies mean that results can be considered
to be representative of the educationd development of the wider population of children.

One remaining sampling issue cannot be overcome. Only children from two-parent families
were included in the sub-sample. This serioudy limits the representativeness of these results,
particularly for those concerned with family breskdown. Nonetheless, bearing this excluson in mind,
andysis of these data till sheds light on the questions of the importance and explanation of early
ability differences between children of different backgrounds. Twenty-four children who werein
gpecia schools at age ten were aso excluded from the subsequent analysis on the assumption that
they represent particular educationa problems.

1.1. Test scores

At each age BCS children were assessed by awide range of tests of intellectual, emotiona
and persond deveopment. The full list of testsis given in Appendix 1. At 22 months the children
were asked by the hedlth vigtors administering the survey to complete arange of different tasks, for
example: pointing to their eyesto illustrate understanding of language; putting on their shoes,
indicative of persona development; stacking cubes and drawing lines as tests of locomotor ability.
These tedts, together with those at 42 months, were intended to indicate the generd development of
children based on the tests used for screening in child hedth clinics (Chamberlain et al., 1976). A
pilot study found high correlation between the BCS tests and similar, standard tests of devel opment
such asthe Bayley Scale of Infant Behaviour or the Newcastle Survey (Ndligan et al., 1969). At 42
months counting and speaking could be tested, and further copying tests were administered such as
drawing smple geometrica shapes. At age five copying was again assessed, together with tests of
basic vocabulary. Harris (1963) and Koppitz (1968) show these scores to have good properties of

discrimination and reliability. Standard age ten scores for maths and reading are dso available.



All these scores are gppropriate for the age of the children being tested. It used to be
thought that cognitive development could not be tested before children were five years old (Bayley,
1949.) Infact, recent tests of attention or response to novety in the first Six months of life have been
shown to be correlated with cognitive test scoresin later childhood (Borngtein et al., 1986.)
Nonetheless, intelligence changes quditatively over early meturation. In areview of psychiatric
research, Zeanah et al., (1997) emphasise three periods of mgor structura reorganisationsin
infancy. The last of these quditative shifts, involving the entry into verba and symboalic
representation, ends at around 20 months, after which changes can be more easily characterised
quantitatively. At 22 months children will sill be consolidating after the most recent shift but by 42
months will have the skills much more firmly at their disposa. More sability from 42 months might,
therefore, be expected and development can be more readily assessed quantitatively. Thereis il
consderable ingability in scores because very young children do not stay on-task for long and
because intdlligence continues to undergo change. Therefore, the early tests are likely to contain
some information about developing intelligence but a great dedl of subsequent mobility is expected.

1.2. Principal components analysis and the development of an ability index at each age.

In order to maximise the information available at each age while reducing the number of
dependent variables, test scores a each age were combined by principa components andysis. This
technique is common in most behavioura and socid sciences but is perhaps less well-known in
economics o a brief review is provided in Appendix 2. Broadly, principal components andysis can
be consdered as the eigenvalue decomposition of the correlation matrix, R. Thefirst principa
component is given by:

$
Yi=apX tapX t..ta X, =a a X
i=1

where x,..., X, are the variables to be combined, in our case test scores. The weights &y,

..., &p Maximise the variance of y; and satisfy the normaising condraint:



It is possible to calculate as many components as there are test scores, but subsequent
components must be uncorrelated with previous components and will account for less of the
varigion in test scores.

This method has the virtue of combining scoresinto asingle index of development & eech
agethat is easer to understand and use in subsequent andysis than the full set of scores. Itis
appropriate here because, as Appendix 1 shows, the test scores are sufficiently correlated to
support the hypothesis that they are measuring manifestations of a smilar process but sufficiently
digtinct that each contributes vauable information when they are combined.

Thereis no assumption here that thisindex identifies any uni-dimensgond notion of
intelligence such as Spearman’s g, which is centrd to psychometric studies and has aroused
considerable controversy. Charles Spearman, a British psychologi<t, noted (Spearman, 1904) that
people who scored well on intelligence tests usudly did well in @l cognitive aress — whether verbd,
mathematical or spatid in nature. He hypothesised that some generd or g factor contributes to this
success'.

Recently Jensen [1998] has claimed that the g-Factor is abiological phenomenon and,
crucidly, thet, therefore, individua and population (i.e. race) differences are afunction of
evolutionary processes. Jensen shows that psychometric g has direct biologica correlaes with brain
Sze, brain evoked potentias, nerve conduction velocity, and the brain's glucose metabolic rate
during cognitive activity. However, there isfar from generd agreement among neurologists thet the
science has evolved sufficiently to support the claim that these variables can be invoked as an
explanation of g, or that g is, therefore, abiologica variable.

While some neuroscientists are attempting to use brain imaging techniques to locate the part
of the brain respongible for successin tasks of g-intelligence, other neuroscientists and psychologists
are concerned that the psychometric mode describes the results of statistical andyses without

! Factor analysis differs from principal components analysisin that the former isolates only the common
variance of variables. Whereas principal components analysis decomposes R, factor analysis decomposes the
reduced correlation matrix R-U where U isadiagonal matrix of the unique variances associated with the variables.
The underlying assumption is that each variable in the variable set can be expressed as a linear combination of



explaning what the gbilities are. The answer to the question, what isg?isthat it is that which
correlates with lots of different tests of intelligence. Modern theories of inteligence, such asthe
multiple intelligences of Gardner (1983) or the triarchic model of Sternberg (1985), are more
concerned with understanding the different aspects of intelligence, such as practica, andytica and
cregtive inteligences in the triarchic model, and congdering how these different aspectsinteract. L.L.
Thurstone, afollower of Spearman, recognised the problem for g-inteligencein his 1934
Presdentid address to the American Psychological Association:

there can be debate as to whether we should describe the tests by a single factor even
though one factor is sufficient. It isin asense an episemologica issue. Even though a st of
intercorrelaions can be described in terms of asingle factor, it is possible, if you like, to describe

the same correlations in terms of two or three or ten or any number of factors’.

This epigemologica question can be seen as one of identification, but whether or not one
wishes to identify the firgt factor with intelligence, it is dearly auseful datidticd artefact. Snceit is
not the purpose of this paper to test for hypothetical commonadlities but rather to consider the
importance of early Sgnds of development, principal components andysisis preferred to factor
andyds. As has been said, principad components analysis maximises the variance of the underlying
data, in other words its Ssgnd, thus giving the early scores the best chance to predict later outcomes.
Inany case, | have no grounds on which to dismiss the variance unique to any particular score as
factor andysswould do. The andysisis, therefore, lessin the tradition of Spearman than might at
first gppear, dthough the firgt factor and first principa component will in any case convergeif a
sufficient number of postively correlated variables are combined. More importantly, this paper does
not make any claim that the particular first component index used here identifies any biologica entity
or that intdligence is uni-dimensond.

hypothetical, unobservable common factors plus a factor unique to that variable. Factor analysis extracts linear
combinations based on these hypothesised commonalities, such as, for example, Spearman’s g-Factor.

2 Thurstone, L.L.(1934) “The Vectors of Mind. Address of the president before the American
Psychological Association, Chicago meeting, September, 1933.” Psychological Review, 41, 1-32



1.3. Modelling the distributions of abilities.

A large degree of ingtability in scores may be expected because of qudlitative changesin the
ability being proxied a different stages of development and because the growth rate for cognitive
abilitiesis not common for al children . A child whose 1Q score remains the same throughout
childhood does not exhibit the same performance at 6 and 16. Steady gains in ability will be
observed but the relative performance is constant. Conducting analysis on rank position rather than
actud scores increases sability and that is the procedure followed here. This dso makes sense
because our concern iswith educationa inequality. The children are ranked in normalised reverse
order, arank of one for the lowest scoring child and arank of one hundred for the child scoring
highest. This gives four outcome varigbles that reflect children’s pogition in the distribution of
observed development at the ages of 22, 42, 60 and 120 months. Although the rank varies between
one and one hundred there are potentidly as many positions within this range as there are children in
each sweep who completed the tests.

We can write:

Rn=am Fn +eén, m=22,42,60,120 Q)

where F,, isamatrix of family inputs and the rank position are subscripted m rather than t to
emphasise that even when combined through the use of principa components the scores do not
represent movement along a single axis of ability over time. The development of attainment through
childhood is dearly not akin to atime-series of, for example, individua wages because the varidble
itself changes as children mature. Intellectud and behavioura development is quditatively different at
each age. Different abilities are tested and these are not necessarily functiona equivadent. It would be
uninformative to test, say, reading skills a 22 months or, conversely, block stacking at 60 months
because of the quditative change in children’s abilities. Functiona equivaence for reading would
demand tests of ahilities a 22 months that fed particularly into reading ability but the tests used here
have not been devised in that way. (See Table 2 and related discussion, below.)

Thus, dthough the rank positions at different ages are related, this paper does not attempt
parametric estimation of such relationships, congdering instead the mobility of rank positions and the
association a each age with the dements of F,.. It may be econometrically tempting to employ pand
data techniques that treat rank positions a different ages andogoudy to, say, a pand of wages and



ignore the quditative change in development in childhood. Such an approach would consider
changes in rank pogtions but would beg the question of what was undergoing change. In these
circumstances, it is not clear that inference would be meaningful.

Instead, the R,, are treated as samples of observations of 4 different random variables so
that (1), therefore, describes 4 different equations. The position in the distribution of abilities a each
ageisalinear function of family inputs up to that age. Thisis standard in the economics of education
following the Coleman report (Coleman et d., 1967), based on theoretical foundations provided by
the education production function.

1.4. Therelations between underlying test scores at different ages.

Principa components analysis is appropriate here because there is no particular connection
between scores in tests of specific abilities at early ages and subsequent performance in more
demanding tests of abilities, in the same dimension of ability. Rather, early test scores, particularly
those a 42 months, gppear to prefigure later ability, but in amore generd manner. This can be
observed in Table 2, which addresses the issue of how particular early scores prefigure |ater scores
for particular agpects of ability. The table reports the raw correlaion of the individua components
of each age' stest score with test results at age 10.

Table 2: Raw corrdation of individual test scores with scores at 120 months

120 months
Reading Maths

22 month scores

Cube stacking 021 011
Language use 022 012
Personal dev. 0.20 013
Drawing 015 014

42 month scores
Counting 0.29 013
Speaking 0.28 017
Copying designs| 0.32 0.16
Copying designs 1| 0.27 014

60 month scores
Copying designs 040 019
Vocabulary 040 018
Human Figure Drawing 031 0.13

It iswell known that reading scores are more easly predicted than maths scores (for
example, Stevenson et al., 1986). Table 2 aso shows that no single early test dominates in terms of
degree of association with subsequent scores, even, as with age 10 reading and age 5 vocabulary, in

10



what one might expect to be related subjects. As a second example, cube stacking and language
scores at 22 months are equaly associated with reading at age ten and thisis not due to differences
in the variance of the two 22 month variables. Thereis, therefore, no evidence that any single test
score is an obvious candidate to proxy development.

The use of principad components dlows usto exploit dl of the informeation available in the
test scores without discriminating on unsupported a priori grounds between different tests. Since
there is no evidence of functiona equivaence, we aso have empirica judtification for tregting the set
of observations at each age as observations from different populations, i.e. as different random

variables.

1.5. The latent vectors.

Table 3 reports the latent (weight) vectors for the first and second principa components at
each age. From the discussion of Principa Components Analysis, above, it should be clear that the

squared weights sum to unity.

Table 3: Latent vectors from principal components analysis of test scores, first and second
factors

22 month 42 month Syears 10years
1st 2nd 1st 2nd 1st 2nd 1st 2nd

Cube stacking 034 054
Language use 037 -064
Personal dev. 040 -0.38
Drawing 033 0.63

Counting 0.37 0.36
Speaking 034 0.68
Copying designs | 039 -032
Copying designs 1| 035 -070

Copying designs 048 -026
Vocab 040 0.95
Human Figure Drawing 046 -056

Reading 034 -004

Maths 0.27 0.67

Picture language 029 -047
British Ability Scale 034 -009

Eigenvalue 192 0.80 190 0.85 165 0.77 258 0.68
Proportion of variance 048 020 048 021 055 0.26 064 0.17
Notes: The Tablereports 2 latent vectorsat each of the 4 agesfor which test scores are available. Principal
components analysiswas undertaken using the principal componentsfactor method based on analysis of the
correlation matrix, R, of test scoresat each age. Thei'" latent vector providestheweightsfor thei'™ principal
component and together with thelatent roct, | ;, isthe solution to Ra; =l ; a;wherea’a=1and, A, the full matrix
of latent vectors, satisfies A’A=l. Thelatent root or eigenvalue, | ;, isthe variance of thei'" component. The
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propor tion of variancein thefinal row isderived asthelatent root of thei'" component divided by the sum of the
variances of the underlying variablesin thelinear combination. Sincetheseareall standardised, the
proportion of variance explained by each principal component isgiven by | /p, wherep isthe number of
underlying variables.

It can be seen that no individua test dominates the first principa component but that at each
age, al scores contribute to the variation of components. This follows from the fact that the
elements of the correlation matrices at each age are exclusvely postive and reasonably smilar. The
second components explains additiond variance of the underlying scores but are not interpretable as
generd indices of development since, under the stated assumption of zero covariance between first
and second components, one or more of the eements in the second components must have a
negative weight. The second components are not used in subsequent analysis but they are
nonethel ess described in Table 3 because they help clarify some of the features of the underlying
data. It may be observed, for example, that the second component at 22 months contrasts the motor
and spatia sKills of cube stacking and drawing on the one hand with the more intellectua/behavioura
skills of language use and persond development on the other. This can be thought of asa
specificdly intdlectud rather than spatiad component. Its eigenvadue is 0.8, indicating thet this
component explains 20% of the variance of the four standardized scores a 22 months. Jensen finds
that the firgt factor is most corrdated with neurological proxies of intelligence and usesthisto
support his argument that g isabiologica entity. It may be noted that, here, the second component
is not sgnificant in regressions of the firgt principa component factor a age ten on age 22 factors. In
fact, of the second factors a 22, 42 and 60 months, only the age five second factor, which
emphasises vocabulary at the expense of human figure drawing tests, is a Sgnificant predictor of age
ten development. Thisis unsurprisng given that second components have lower variance than first
components.

1.6. The measure of educational outcomes at age 26.

Thefind educationd variable used is an ordind measure of highest educationa qudification
as reported in the age 26 sweep of the BCS and coded as a stripped down version of the more
detailed Schmitt schema (Schmitt, 1993) which gives an ordina scale of educationd/vocationa

attainment, based around years of education. The three groups with sample proportions are
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None/miscellaneous (14.4%), Lower/Middle vocational (46.2%) and A’Leve or above (39.4%).

This ordering has been shown to be strongly linked with earnings in these data (see Feingtein, 2000).

2. Thestrength of the signal provided by the development indices

2.1. Predicting final educational qualifications

Perhaps the clearest picture of the relevance of the early position in the index of
development is given by the results in Table 4 which show how the position in the distribution at
each age predicts find qudification leve at age 26. Taking the 22 month pand firg, the first row
reports the highest age 26 qudlifications of the children who were in the bottom quartile a 22
months. For example, 15% of the bottom quartile at 22 months, obtained no or miscelaneous
qudifications. The third row reports that of those who were in the top quartile at 22 months, 8%
ended up in the lowest quaifications group.

Table 4: Age 26 educational and vocational qualifications by quartile position in early
devel opment scores.

Age 26 Highest
Quialifications
None/ Lowe/  A'Leve Total
Misc. Middle or higher

22 month rank

Bottom %  15.00 52.80 32.30 100
Quartile (se.  (2.20) (3.10) (2.90)
)
Top % 8.10 48.60 4330 100
Quartile (se.  (1.50) (2.80) (2.80)
)
z-stat on difference* 26 1.0 27

42 month rank

Bottom % 2580 57.30 16.90 100
Quartile (se.  (3.00) (3.40) (2.60)
)
Top % 6.50 41.00 52.50 100
Quartile (se.  (1.30) (2.70) (2.70)
)
z-stat on difference* 6.4 37 84
5Yearsrank
Bottom % 3020 51.80 18.00 100
Quartile (se.  (1.40) (1.50) (1.10)
)
Top % 520 36.40 58.50 100
Quartile (se.  (0.50) (1.10) (1.10)
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z-stat on difference* 188 83 218

10yearsrank
Bottom % 3500 5350 11.50 100
Quartile (se.  (1.40) (1.50) (1.00)
)
Top % 240 30.70 67.00 100
Quartile (se.  (0.30) (1.00) (1.00)
)
z-stat on difference* 255 126 29.8

" Thefinal row for each panel reportsatest statistic for the difference between cell proportions. Thishasa
standard normal distribution, under thenull. The z-statistic on the differencein proportionsin thefirst column
of thefirst panel is 2.6, i.e. thedifferenceissignificant at 1%.

The zdatigtic in thefina row of the pand isatest of the null hypothesis of equality between
these two proportions, the proportions of top and bottom quartile children ending up in each age 26
qudifications group. Under the null hypothes's, the z statistic has a standard normal distribution.

A chi-sguared test was used to check whether results were biased by over-sampling of low
birth-weight and foetaly under-nourished children. Thiswas a goodness of fit test of the difference
between proportions in the Schmitt scale for the control group and full sub-sample including over-
sampled groups a each age. The data do not rgject the null hypothesis of uniformity between
samples a any age.lt is striking that even measured at 22 months, children in the bottom quartile of
this development index are sgnificantly more likely not to get any qudifications than those in the top
quartile. Moreover, more than three times as many of those in the top quartile at 42 months as those
in the bottom quartile go on to get A’ Leve qualifications or above. Given the young age of the
children tested, these are strong findings, suggesting that the index picks up clear Sgnds of
educationd development; before children have even entered school, very substantial signals about
educationd progress are contained in standard tests of development.

2.2. Transition matrices.

A second approach to the initid question of the stability of the distribution of scores as the
children develop isto consder transition matrices. These group children by their quartile position a
each of two ages, giving atable of sxteen cdls. Given the large degree of ingability in scores at
these ages, it is not obvious that movement to cells adjacent to the leading diagond are informative
of genuine mobility. Perhgps more interesting are movements from top to bottom and vice versa.

Therefore, only these large movements are shown in Table 5. The top panel of Table 5 shows
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movements from the quartile position a 22 months, the bottom panel shows movements from the 42
month position.

Again, aswith Table 4, it might have been expected that the degree of movement observed
would be affected by the over-sampling of children at risk from fetd under-nourishment. If such
children were hindered in early years but subsequently caught up, mobility would be over-gtated in
this sub-sample rdative to that in the population. On the other hand, if such children were
persstently affected, mobility might be under-stated. Chi-squared tests for contingency tables have
been applied and are presented in Table 5. These sugges, as before, that there is no significant
difference between the trangtion matrices for the full sub-sample and those for the control group.
Other experiments were undertaken with mobility indices such as those of Bartholomew (1973)
which weights cdlls by their distance from the leading diagond, a high overal score indicating alarge
degree of mohility; or of Shorrocks (1978). These also showed that the mobility results described in
the text are not subgtantidly dtered by over-sampling.

Table 5: Selected cells from quartile transition matrices

Quartile at 42 Quartile at 10 years
months
Bottom Top Bottom Top Obs
Quartile Bottom 399 137 415 154 34
at (14 (10 14 (1.0
2 Top 10.8 435 134 346 306
months (0.9 (1.4 (1.0 1.9
Chi-sguared (dof=15): 25 8.7
1 Top
Quartile Bottom 448 10.1 306
at 14 (0.9
42 Top 6.2 438 306
months 0.7) 1.9
chi-squared (dof=15): 108

Notes: Standard Errorsarein brackets. Only extreme quartile cellsarereported, i.e. top and bottom quartiles.
Thereported chi-squared test isatest of the difference between transition matrices of the control group and
full sub-sample. Thecritical level at 5% with 15 degrees of freedom is25.0

The first row shows that of the 25% children scoring lowest at 22 months, 39.9% were il
in the lowest quartile a 42 months. On the other hand, 13.7% had entered the top quartile. Clearly
there is considerable movement within the distribution over these twenty months. By 120 months,
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even more children had made large movements across the distribution. From these sample data, a
child in the bottom quartile at 22 months would have a probability of 0.42 of being in the bottom
quartile at 10 years but a probability of 0.15 of reaching the top quartile by then.

Thereismore clear persstence of scores between 42 months and ten years, particularly in
terms of the proportion of large movements. Thus, as expected, the postion a 42 months seemsto
be more firmly fixed than that at 22 months. However 10% of the bottom group at 42 months had
reached the top quartile by age ten. This emphasises the interpretation of the development indices as
sgnds of development and not as sronger dassifiying mechanisms. Plenty of scope il remains for
children to catch-up and overtake other children who may be out- performing them early on. Aswe
see, below, high SES children who under-perform early on are very likely to catch up in thisway.
Nonetheless, the 22 and 42 month scores provide a meaningful guide to subsequent performance.
The development index at 42 months is the preferred indicator. Other experiments have shown that
for girlsit isdightly more sable than for boys.

3. Theassociation of test rank with social class

Figure 1 maps the average position of children from different socia backgroundsin the
distribution of test ranks at the four survey ages. Socid class classifications are made here on the
basis of both parents occupationd classfication (Socio-Economic Status, SES) at the child' s birth.
It should be remembered that dl the children in this sample are from two-parent families. Details of
categorisation are given in the notes to the Figure. No alowance is made for changing occupationa
classfications over time because it is not possible to differentiate between genuine changes and mis-
coding. In any case, socid class at birth provides agood indicator of the materid, genetic and
educationa inputs that the children can be expected to receive through childhood.

Observations are only made at 22, 42, 60 and 120 months. As noted above, the sampleis
restricted to those 1292 observations for whom test scores are available at dl ages. Thisincreases
the standard errors of differences between groups because we discard dl age 5 and 10 observations
that are not included in the pre-school sub-sample. The advantage is that we can observe the

average rank of three fixed groups of children as they mature.
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Figure 1. Average rank of test scores at 22, 42, 60 & 120 months, by SES of parents
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Dotted linesrepresent intervals of two standard errors. The definition of categorieswith sample observations
areasfollows: High SES— Father in professional/managerial occupation and mother similar or registered
housewife (307 obs.) Low SES— Father in semi-skilled or unskilled manual occupation and mother similar or
housewife (171 obs.) Medium SES- Those omitted from the high and low SES categories (814 obs.) Thus,
children whose mother swer e housewives wer e categorised by the SES of fathers.

At 22 months, the difference between the average rank of children in top and bottom socia
class groupsis 13 percentage points (standard error of difference=2). At 10 yearsthe difference
between top and bottom groupsis 28 points (s.e,, 2.5). The average rank of the low SES group
fdls over time but this does not mean that actual development has been retarded. The interpretation
of this change as one of increasing polarisation must be tempered by the fact that the ranks are
postions within the distribution of different tests a the two ages. The finding may be explained ether
by declining relative performance or by the hypothesis thet the later tests are more effective at
discriminating between children. It may aso be that the later tests assess tasks at which childrenin
the low SES group areless able.

However, in asemina paper, Wilson (1983) considers the congruence of 1Q scores of twin
parsin the Lousville Twin Study between the ages of 3 months and 15 years. For identical
(monozygotic) twins, the correation between scores a 24 months was 0.81. For dizygotic twinsthe
correlation was 0.73. By age 15, the correlation coefficients were 0.88 and 0.54, respectively.
Thus, as children matured the genetic component of performance in the tests came to the fore. This
may either be because the later tests were better tests or because, as Wilson argues, as with the
development of height, the action of the genesis not completed until adulthood.
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The pattern of polarisation here is, therefore, not surprisng. Of course, there is consderable
dispute between psychologists and behaviour geneticists about the relative causal importance of
genes and environment and this is not the place to enter that debate. For balance, however, it is
important to point out, firdly, thet identification of this correlation with genetic rather than
environmentd causation hinges crucidly on the “equd environments’ assumption, thet relevant
environmentd variation isthe same within identical and nor-identica twins. Second, Plomin (1984)
demonstrates that twin and adoptee studies consstently show that a substantial proportion of the
variance in norma psychologica traitsis due to non-genetic factors. Third, there is considerable
evidence that the parenting methods and socid indtitutions that the children will have experienced are
very different (for example, Bee, 1969, Ramey, Campbell et d., 2000.) Finaly, one need only point
to the steady and increasing world-wide increase in 1Q scores, the well-documented and fairly
universa “Flynn effect” (Flynn, 1987) for evidence of environmenta effects on performance on tests
of cognitive ability. In conclusion, the evidence in this paper is of a gene-environment correlation and
there is no case here for extending the conclusions beyond that point.

Crucidly, the graph clearly shows that dthough children are dready dratified by socid class
in standard tests of intellectua and persond development at 22 months, this Stratification has
become more extreme by 10 years as assessed by the standard tests for academic devel opment
appropriate a that age. There is certainly no evidence here that entry into schooling in any way
overcame the polarisation of children in the late 1970s. The most generous statement that may be
meade for schooling isthat it may or may not have minimised the degpening effects of parenta
background.

It should be remembered, however, that Figure 1 shows the mean rank positions within each
of three groups of children, asthey mature. There is, however, considerable and important within-
group varigion. Thisis brought out in Figure 2 which groups children not just by their family
background but dso by their 22 month quartile position. The advantage over Figure 1 isthat this
graph shows something of the distribution within the SES groups.
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Figure 2: Average rank of test scores at 22, 42, 60 & 120 months, by SES of parentsand
early rank position
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Thedefinition of SES categoriesisasfor Figure 1 with medium SES children omitted. Children in the 2nd and
3rd quartileat 22 monthsare also omitted. Standard error intervalsarenot shown to ease clarity of exposition.
Important details of significant differencesaregiven in thetext.

Having alow score a 22 months doesn't matter greatly for future performance in test scores
unlessyou arelow SES aswdll. If you are, the implications are serious. However, if you are low
SES, even having atop quartile score a 22 months, won't help you dl that much. It istempting to
conclude from thisthat it is SES, rather than the early scores which makes the difference. Thisis
supported by a consideration of the separate trangition matrices of low and high SES kids. 60% of
low SES children who were in the bottom quartile a 22 months were il there at age ten. On the
other hand, high SES kids who happened to be in the bottom quartile at 22 months, were more
likely to be in the top quartile at 10 years than to gill be in the bottom quartile!

Does this suggest that early scores don't matter? The answer is no, for two reasons. Firdly,
from Figure 2, it is ill the case that children within each of the SES groups who arein the top
quartile a 22 months, score better at ten years than children in the same SES group who werein the
bottom quartile a 22 months. The difference is il thirteen points at age ten for the low SES group
and deven for the high SES group, differences that are sgnificant at 1%. For the omitted middlie
SES group, there is aso some convergence over time for the high and low quartile groups at 22
months but dthough by 42 months the difference had fdlen to 26 pointsin the distribution, at age ten
it was dill 22 points.
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Second, we can dso reconsder Table 5. This showed the probabilities of obtaining fina
educationa qualificationsin the abridged Schmitt range on the basis of quartile position a the
different ages. For the middle SES group (the mgority of children), children in the bottom quartile a
22 months are sgnificantly more likely to get no qudifications than children in the top quartile and
ggnificantly lesslikely to get A’Levels or higher qudifications. For the top and bottom SES groups,
differences at 42 months predict find educationa qudifications. So, conditioning on SES, the pre-
school score ill matters. Nonetheless, as well as influencing early ability, family background clearly
plays atremendoudy important role in determining the continued development of ability of UK
children.

It might appear to be anatura extension of the conditioning process to consder an ordered
probit regression of the age 26 Schmitt variable on the rank at 22 months and SES dummies and
other family background variables. However, we expect from equation (1) that the Schmitt position
be indicated by 22 month rank partly because the 22 month rank picks up SES effects. Sncethe
intention isto test whether or not the 22 month score is an indicator of real development, thet is
precisdly the point. Even if the 22 month rank picked up only SES effects and nothing ese, it would
dill indicate development. The problem would, rather, be in the opposite direction, if the rank
position did not pick up SES effects a al which would suggest that it was a poor indicator”.

More interesting is Figure 2b in the Appendix which repegts Figure 2 but dassfying by
quartile pogtion a 42 months ingtead of that at 22 months. This again shows the importance of SES
but aso that, conditioning for SES, the pre-school quartile positions provide a good guide to age ten
outcomes. The key differenceis that whereas the high SES/low quartile group at 22 months had
overtaken the low SEShigh quartile group by age ten, when the conditioning is by 42 months
quartile, the high SES/low quartile group are till sgnificantly below the low SEShigh quartile group
by age ten.

The question et in the introduction was whether or not it matters for future development that
disadvantaged children under-perform their peersin pre-school tests or whether such tests are poor
indicators. | now answer by saying that the tests are clearly not unrelated to finad outcomes. SES
continues to be important as children mature and outweighs the importance of 22 month scores for

high and low SES children but for al children, the early scoreis aguide, together with family
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background information, to finad educationa qudifications and academic performance. The lesson
for policy makersis clear from Figures 2 and 2b. There is mobility (as one would expect) after 22 or
42 months, but thisis mainly for high or medium SES children. Low SES children do not, on
average, overcome the hurdle of lower initia attainment combined with continued low input. Even

high SES children find it hard to escape from poor performance at 42 months.

3.1. The importance of different aspects of social class

The ability trgjectories show that as children mature and do more discriminating tests, the
family background association strengthens. Figures 1b-1d in Appendix 3 show that this result does
not gppear to depend on which conditioning varigble is sdected from the matrix of family
background variables F. It remains when children are grouped by the education rather than SES of
their parents or when they are grouped by the backgrounds of one parent only.

It would be interesting to know which aspect of family background dominates, either asa
genetic marker or as a proxy for key environmenta inputs. However, given the strong correlations
between the elements of F, there is no unambiguous way to identify separate contributions to
explaining the variation of test scores. For, continuous, independent regressors one approach isto
condder the partid correlation coefficients. Together with smple coefficients, this gives aguide to
the relative importance of each variable. In the current case, however, the regressors are a set of
dummy variables and S0 the netting out process introduces further ambiguities that are not obvioudy
resolved.

Neglecting, therefore, the importance of partia corrdations, Table 7 reports OL S estimates
of thea, vectors from equation (1), which is reproduced here:

Rn=am Fn +eén, m=22,42,60,120 Q)

Weighted OLSis used to reduce the importance of over-sampled observations but none of
the conclusions described depend on sampling bias, transformations of the data or problems of

% The reader might neverthel ess be interested to note that, in fact, even conditioning on all the
background variablesin Table 6, below, rank at 22 monthsis till significant at 5%.
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discreteness or censoring’. For the reported regressions, observations were grouped across
genders. Experiments with running separate regressions did not bring to light any differences that are

important to the conclusons here.

Table 6: Test ranks regressed on background variables at birth.

22 months 42 months 5years 10 years
Est. t Est. t Est. t Est. t
Father’'s SES
345 24 08 29 11 04 01 72 29
6 21 04 -14 03 59 11 121 26
Father’ s highest qualification
Vocational or other 30 10 34 11 -05 02 -01 00
O'/A’level, SRN or Cert. Ed. 30 10 39 14 73 27 84 34
Degree 51 15 35 10 90 25 128 43
Mother's SES
345 -13 03 19 05 61 15 50 15
6 -09 01 -199 28 -128 15 -220 45
Housewife -19 05 15 04 50 12 30 08
Mother’s highest qualification
Vocational or other 31 10 43 14 1.7 06 42 16
O'/A’level, SRN or Cert. Ed. 79 28 79 29 80 30 131 55
Degree 214 34 205 26 198 28 252 42
Siblings
1older 41 14 -08 03 -39 14 -89 35
2 older 43 12 55 15 87 24 -139 42
3 or moreolder 73 17 -133 30 97 23 -182 49
1 younger -3.0 11 -A.7 19 -3.7 16
2 or more younger -142 21 95 22 -6.9 15
girl 71 33 57 27 07 03 -18 10
Mother’s age 02 06 04 15 05 19 07 34
Constant 275 10 -824 20 377 47 389 53
obs 1194 1194 1194 1194
R 0.08 0.13 0.12 0.25

Notes: Observationsarere-weighted by theformula w, = §. /sI for i=1,2 wherew, and w, aretheweights of the
control and at-risk groupsin theearly sub-sample, S, isthe number of observations of typei in the sub-sample

predicted on the basis of the full sample proportionsand S, istheactual number of observations of typei.

Controlsfor reason for inclusion in the sub-sample and pr ecise age when test wastaken arealso included but
arenot reported here.

In this regression framework children for whom neither parent had qudifications were 38
points lower in the distribution at age ten than children whose parents both had degrees. Add in a

*|f variation in the control group is higher than for the fetally undernourished groups then parameter
estimates based on the latter groups might be biased downwards but the pattern of results described below
changes very littleif only control group observations are used. Inferences are also unchanged if the rank score
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couple of older siblings and the effect rises to 52 points. Even at 22 months the effect of two parents
with degreesis 26 points. This compares with negligible effects of SES until age ten. From 42
months, the association of mothers socia class group 6 and rank positionsis strongly negative but it
must be borne in mind that thisis, in fact, the average association for agroup of only 15 women.

The association with mothers education is particularly striking early on and dominates the
effect of paternal education but, again, thisis partly due to the smdler numbers of women than men
with degrees (13% of men as opposed to 2% of women). However, the mother’ s education
varigbles arejointly sgnificant a 1% while those of fathers are not jointly significant even at 20%.
The father’ s education variables do not become significant at 5% until age 5 and the father’s SES
variables until age 10. In fact, the father’s SES and education variables are not jointly significant at
5% until age 5.

Overdl, it gppears that for this sample the education of mothersisthe best indicator of
expected development and so may be most the useful variable in determining at-risk groups.

4. Summary and somedirectionsfor futureresearch

This paper finds, firdly, that there were sgnificant differences in the educationa performance
of children from different socid groupsin these deta, even a 22 months. In this sense there was pre-
school educationd inequdity in the UK between 1970 and 1975. Given that economic inequdity has
since worsened congiderably, and public expenditure on education has not fully responded to this
change, it is reasonable to assume that the degree of pre-school educationa inequality has not
improved. Second, performance in tests of ability a 22 months are correlated with ultimate
schooling outcomes at age 26. The scores at 22 months are, therefore, meaningful measures of
development in the sense that they provide rea signds of development. This suggeststhat it would
be wrong to ignore the evidence of inequality in pre-school scores solely on the grounds that the
scores have no real meaning. However, the paper finds that 42 month scores provide a better guide
than those at 22 months.

Third, family background plays alarge role in influencing the mobility of children within the
digtributions of ability at different ages. Most low SES children who are in the bottom quetile at 22
months are Htill there at age ten. High SES children show considerably more upward mobility and

dependent variable is replaced by the continuous test score variables using tobit regression to correct for some
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are more likely to be in the top quartile than the lowest quartile by age ten, even if they werein the
bottom quartile at 22 months. This might suggest, in a strong behavioura genetic interpretation, thet
early scores do not pick up the full effects of genetic inheritance and are poor guidesto true
potentia. Alternatively, it may be that early scores are some guide to children’s potentids but that
environmentd influences swvamp the signa provided by these scores. It is not possible, here, to
digtinguish between these explanations. However, these results bring out the extent to which the
formation of human capitd in the UK isinfluenced by family background. It would be very
interesting to know how much these associations are reproduced elsewhere, in countries with
perhaps less, or more, socid inequdlity.

Considering the implications for macroeconomics referred to in the introduction, it would
aso be interesting to know how nationd differencesin the production of human capita dueto socid
inequdity, influence growth. One other issue for growth emerges from the result that parents
education is, perhaps, the key factor in the formation of the human capitd of children. It may prove
interesting, therefore, to modd long-run growth to see the extent to which appropriately lagged
increases in educational investment increase the output of succeeding generations. It may prove
beneficia to mode human capitd by the variables that explain performance in Table 6, rather than
by years of schooling which has been shown to be a poor measure of genuine educeationd
investment because of the wide differences in the qudity of the schooling received.

In terms of |abour economics, these results aso show why family background explains
earnings above and beyond that part explained by years of schooling. A large proportion of adults
have no or low levels of qudifications. For these individuds, years of schooling provides no guide to
formed human capitd and it is necessary to assume that dl individuals without additiona education
have identical human capitd. Earnings differences are, therefore, be hard to explain and moddls
incorporating family background as proxies of human capital formation may sometimes be more
informative.

Returning to the genera conclusions, the paper has dso found thet the early differencesin
attainment are not gppreciably reduced by entry into the schooling system and become more
extreme as children mature. However, it is not possible to conclude from thisthat by the time

children enter school the position isirreversble. The test insruments change as children mature and

evident lower censoring which might also have caused downward bias.
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the degree of dratification may be affected by this. It is not sengble, therefore, to consder changes
in the rank position between stages of development as standard first differences.

In order to suggest that by the time children have entered schoal it istoo late to intervene it
would be necessary to show that the later scores were to alarge extent state-dependent and not
soldy dueto individud heterogeneity - in other words, that the subsequent positions were due to the
early performance. If, rather, rank positions at different ages were correlated solely by virtue of
some unexplained aspect of ability that was picked up by tests at dl ages, and that was amenable to
intervention at |ater stages, then clearly, there would be no over-wheming case for getting in early.

In the absence of dternative ingruments, thisidentification could not be attempted without
treating the scores at different ages as a pand which, with tests at sufficient ages, would alow oneto
include and instrument a lagged dependent variable in the education production function. Such an
approach may be possble where tests are of a single entity such as maths skills and isaso Ift to
future research. Plewis (1996) provides a multi-leve moddling framework for observations of test
scores for a common éttribute during devel opment. Although this paper has not estimated such a
model, the remainder of the remarks here will consider the relevance of state dependence and
individua heterogendty. It is hoped that these reflections will support understanding of the meaning
of the persgstence of test ranks.

A weak form of state dependence would result from the fact that children choose learning
opportunities on the basis of previoudy accumulated skills. More advanced children are better able
to select new learning tasks and to understand new tasks. A child who has trouble with counting will
clearly find the trangtion to multiplication difficult if not impossble. Early educationd inequdity thet
was state dependent in this way would provide a barrier to the effectiveness of schooling
interventions againgt adult inequdity unless schooling interventions could address the nature of the
barrier to future learning. This observation has led to the development of important learning
programmes such as Rightgtart in the US which was designed to remedy the observation that a
sgnificant number of low-income children started school without as good an intuitive understanding
of number as their middle-income peers, and that this knowledge gap was both responsible for
further faling behind and correctable (Griffin et d., 1994).

Some educationaists have pointed to the neurologicd finding that synaptic proliferation
occurs mainly during the firgt three years to suggest that the pre-school eraisa’critica period’ for
interventions. This stronger form of state dependence is due to a classic paper by Wiesdl and Hube
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(1965) whose anima experiments showed that kittens who had one eye covered from birth to three
months had insufficient synaptic development in the areas of the brain concerned with Sght. The sight
of older cats was not persstently affected by the same visud deprivation imposed at alater age.
Thus, the firgt three months were a critica period for the development of brain activity required for
gght. However, it isalong step from these animd experiments to the conclusion that thereisno
brain plagticity in humans after the first three years. For example, Pascud-Leone et al. found that
adults given atwo-week piano training course experienced an enlargement of the area of the brain
concerned with control of the fingers. There may well be state dependence in the weak form
suggested above, based on the idea that development is cumulative. From thisit follows thet the
early years are particularly important. However, the case should not be over-stated.

Alternatively, explanations of rank positions by individua heterogeneity would suggest thet
early rank pogitions were not immutable if aspects of the individud’s experience were sufficiently
open to policy influence. This might not require that heterogeneity be fully environmentd, as opposed
to genetic. The classic case of thisis phenylketonuria, a geneticaly determined condition that can
result in asubstantialy lower 1Q. The effects of the condition depend crucidly on diet. An
environmental manipulation that involves changing the amino-acid condtitution of the diet normalises
intelligence dramatically.

The policy problem, however, isto determine which aspects of early life are open to
environmenta influence. Research summarised by Waldfogd (1999) suggeststhat there is
consderable room for optimism about intervention programmes, but that success cannot be had
chegply. A well-replicated set of randomised experimentsin the U.S. (Ramey and Ramey, 2000)
suggest that to be successful interventions must pay top sdariesin order to recruit well-qudified saff
and keep gaff turnover to aminimum. They must dso follow children over time because the benefits
of programmes that start in pre-school but do not continue for at least the first two years of school
are highly ligble to decay.

However, other kinds of programmes about which there was consgiderable optimism such as
two-generdion intervertions or programmes targetted a entire families, have not produced the
hoped-for gains. For example, Barnett (1995) shows that if interventions do have postive effects on
the performance of children thisis not due to effects on parents. This conclusion has been replicated
in many other sudies.
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Returning to the UK, the Blair adminigtration has developed the £540 million Sure-Start
programme to bring together child-care organisations so that communities have access to organised
and co-ordinated systems of support. Professionals and carers are provided with evidence-based
guidance about practice. The noncoverage of those who do not choose to get involved in
programmes or do so only indirectly will clearly be a concern. It is aso important to note that Sure-
Start is an area- based intervention and will, therefore, competely miss those families that happen to
live outsde targetted aress. This suggests that, as well as through Sure- Start, such skills might be
taught at school, rather than waiting until the period of compulsory schooling is over.
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6. Appendix

Appendix 1. Tests undertaken by CHES, with Correlation Matrices

22 Month
Cube stacking
Language use
Personal development |
Personal development |1
Drawing
Gross Locomotor
42 Month
Counting
Speaking
Copying designs |
Copying designs |
Building
Cube stacking
Picturetest |
Picturetest |1
Linedrawing
Gross Locomotor
Parts of the body
5Year
Copying designs
Vocabulary
Human Figure Drawing |
Human Figure Drawing |1
Profile drawing
10 Year
Reading
Maths
Picture language test
British Ability Scales

1.00
0.27
034
0.20
031
0.19

1.00
0.40
0.35
0.28
0.30
0.16
0.26
0.35
0.25
0.22
0.26

1.00
0.30
0.39
0.39
0.20

1.00
0.49
053
0.74

1.00
0.46
0.29
0.22
031

1.00
031
0.19
0.26
0.16
043
0.50
031
0.32
048

1.00
0.22
0.22
0.19

1.00
034
048

1.00
031
0.30
0.27

1.00
0.38
0.35
0.17
0.23
0.33
0.26
0.24
0.27

1.00
081
0.23

1.00
0.57

1.00
0.25
0.32

1.00
0.19
0.08
011
0.19
011
011
0.14

1.00
0.23

1.00

1.00
0.27

1.00
034
0.29
034
0.29
0.22
0.28

1.00

1.00

1.00
0.26
0.24
0.19
015
0.26

1.00
057
0.27
0.24
043

1.00
0.38
0.29
048

1.00
019 100

029 035 1.00

Notes: Two Human Figure Drawing testsarereported herefor the children at agefive. These are both based on
the sametest but weighted by different procedures developed in the educational literatur e (K oppitz, 1968 and
Harris, 1963). The HFD score used in thetext isthe aver age of these two different measures of HFD This
avoidsthe need for assumptions about which weighting procedureis preferable. The correation between the
two scoresis, in any case, 0.81, perhapstoo high for separate entry in the principal componentsanalysis.
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Appendix 2: A brief summary of Principal Components Analysis.

Principa components andysisis the elgenva ue decompostion of the covariance matrix, C,
or, where the variables are sandardised as here, of the correation matrix, R. Thefirgt principa
component is given by:

$
Yi=apX tapX t..ta X, =a a X
i=1

where x,..., X, are the variables to be combined, in our case test scores. The weights &y,
..., &p Maximise the variance of y; and satisfy the normaising condraint:
§ & =1
i=1
A second vector of weights, (&, - .., &), maximises the variance of the second principa
component, y,, and satidfies

d
a a; =1 andcov(y;, y») =0
i=1
It is possible to caculate as many components as there are test scores, but subsequent
components must be uncorrelated with previous components and will account for less of the
variation in test scores,
The variance of the ™ principal component, | ;, is known as the latent root or eigenvaue

snce |, = a'Ra, wherea isthe weight or latent vector for the i component. Generdlising,

L =A’RA where A isthe p*p matrix of latent vectors, A’A=l and L isadiagona matrix of the
corresponding latent roots ordered from largest to smallest. Pre-mulltiplying by A and post-
multiplying by A’ it can be seen that R=AL A’ and we have the definition of principa components
andyss as the elgenva ue decomposition of the correlation matrix.
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Appendix 3: Additional figures showing group rank positions by different classifications.

Figure 2b: Average rank of test scores at 22, 42, 60 & 120 months, by SES of parents and
42 month rank.

Average position in distributio
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Figure 1b: Average rank of test scores at 22, 42, 60 & 120 months, by schooling of parents
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Dotted linesrepresent intervals of two standard errors. High schooling denotes families where both parents
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2 28 34 40 46 52 58 64 70 76 82 88 94 100 106 112 118

months

have A’Leve or higher (474 obs.) L ow schooling denotes familieswher e neither parent has qualifications (226
abs.) Medium schooling denotes those omitted from the high and low categories (592 abs.)
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Figure 1c: Average rank of test scores by SES and schooling of fathers.
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Dotted linesrepresent intervals of two standard errors. SES and schooling are defined asin Figures 1 and 2.
Fathersclassified as medium SES/schooling are those omitted from high and low categories. Observationsare
176, 897 and 219 in the high, medium and low categories respectively.

Figure 1d: Average rank of test scores by SES and schooling of mothers.
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Dotted linesrepresent intervals of two standard errors. SES and schooling are defined asin Figures1and 2.
Mothersclassified as medium SES/schooling ar e those omitted from high and low categories. Observations
are 176, 897 and 219 in the high, medium and low categoriesrespectively. Children whose motherswere
housewives wer e placed in the middle group.



Appendix 4: Basic statistics for background information in Table 7

Obs Mean S.d. Min ax
Girl 1194 0.46 0.50 0 1
Father in SES 1,2 1194 0.16 0.37 0 1
Father in SES 3m, 3nm, 4 1194 0.78 041 0 1
Father in SES5 1194 0.06 0.23 0 1
Father has no qualifications 1194 0.47 0.50 0 1
Father has low qualifications 1194 0.14 035 0 1
Father has medium qualifications 1194 023 0.42 0 1
Father has high qualifications 1194 013 033 0 1
Mother has no qualifications 1194 054 0.50 0 1
Mother has low qualifications 1194 0.17 0.37 0 1
Mother has medium qualifications 1194 0.27 0.44 0 1
Mother has high qualifications 1194 0.02 014 0 1
Mother in SES 1,2 1194 0.10 0.30 0 1
Mother in SES 3m, 3nm, 4 1194 0.55 0.50 0 1
Mother in SES5 1194 0.01 011 0 1
Mother is housewife 1194 034 047 0 1
Mother’s age 1194 26.2 53 16 14
No older siblings 1194 0.39 0.49 0 1
One older siblings 1194 0.35 0.48 0 1
Two older siblings 1194 0.15 0.36 0 1
More than two older siblings 1194 011 0.32 0 1
No younger siblings at 42 months 1194 0.65 0.48 0 1
One younger siblings at 42 months 1194 033 0.47 0 1
Two or more younger siblings at 42 months 1194 0.02 0.15 0 1
No younger siblings at 5 years 1194 057 0.50 0 1
Oneyounger siblings at 5 years 1194 0.38 0.49 0 1
Two or more younger siblings at 5 years 1194 0.05 023 0 1
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