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NON TECHNICAL SUMMARY

Much research, in recent years, has focused ofinthdetween parental education and
children’s education. More educated parents hanegawerage, better educated children.
The policy implications of a link between parergdlication and children’s education are
huge. Increasing education today would lead tonarease in the schooling of the next
generation and, in this way, to an improvementabér life outcomes such as health,
productivity and wealth.

One simple way to measure how the family backgroisndnportant in determining
children’s educational attainment - which we defaseyears of schooling - is to observe
how much siblings are likely to study for a similaumber of years compared to two
unrelated people in the population. This comparisoimformative of the importance of
the family background.

How do parents influence their children’s schoolattainment? Parents transmit some
abilities genetically, they may influence childremevelopment by stimulating them, and
they may influence children’s decisions. One imaittchannel is parental education: do
more educated parents influence their childreniecation “better”?

This paper shows that parents’ education is an fitapb determinant of children’s
education, but hardly an exclusive part of the camramily background that influences
the educational attainments of siblings from thenesaamily. Our results based on
Norwegian data indicate that an additional yeaeitifer mother’s or father’'s education
increases their children’s education by as litHeoae-tenth of a year. From our analyses
and from previous works, there is evidence thdite€igs education is more important than
that of mothers in influencing children’s educa#ibnattainment. One possible
explanation for a smaller maternal effect is thettdr educated mothers work more in
paid employment and spend less time interacting thigir children.

We test this hypothesis by comparing years of samg®f children of almost-identical
mothers: mothers with the same age, same educatome number and age of children,
and same husband’s level of education but diffeyeats of working career when their
children were young (4 and 7 years old). We dofimat evidence of any detrimental

effect of time spent in the labor market on chitdseyears of schooling.
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1. Introduction

The association between parents’ and their childreducational attainments has
been one of the measures featured in the studgterfgenerational mobility. It has
either been the focus itself or has been part efdhkploration of the reasons for
earnings, income or social class persistence--gposite of mobility (for example,
see Blanden et al. 2010). Parental education oofse just one aspect of family
background that influences children’s subsequehiegements as adults, but an
important one. For instance, parents’ educatiattainments have a large impact on
their earnings; they may alter the ‘productivity’tbeir time investments in children,
such as reading to the child; and they may affeikdien’s aspirations.

Another motivation for this study is the substdntisse in educational
attainments across generations, with women’s dcatibns having increased more
than men’s in nearly all OECD countries (Buchmad BiPrete 2006). An important
guestion is whether an increase in parents’ educatiill increase the educational
attainments of their children, with attendant intgaon their children’s health,
productivity, lifetime income and ‘life chances’ mogenerally. Because of the
different trends by gender, we also would like tmw whether mother’s and father’s

education have different causal impacts on thaldiedn’s education.

Table 1: Average Parent-Child Years of Education Coelation*

Country Correlation
Italy 0.54
USA 0.46
Switzerland 0.46
Ireland 0.46
Poland 0.43
Belgium (Flanders) 0.40
Sweden 0.40
Czech Republic 0.37
Netherlands 0.36
Norway 0.35
New Zealand 0.33
Finland 0.33
Great Britain 0.31
Denmark 0.30

*Average of Mothers’ and Fathers’ Education,
Ages 20-69, Surveyed 1994-2004
Source: Hertz et al. 2007.

In the current study we aim to estimate the caulsglacts of parents’

education. We focus on a comparison between th& &l Norway, although we



compare Norway with some other countries to a niorieed extent. Table 1, taken
from a recent study (Hertz et al. 2007), puts the ¢tountries in the context of other
developed countries. It reports the average adrosl (across 9-10 five-year birth
cohorts) between the average of parents’ yearsdotaion and those of their
children! With the Norwegian register data that we usehis paper (described
further later in the chapter), the correspondingedation is 0.38. The correlation for
the USA is clearly much higher.

Such a correlation, or a corresponding coefficiim a regression of
children’s education against that of their parérissunlikely to reflect solely a true
causal effect of parent’s education on that ofrtbkildren. For instance, if people’s
‘abilities’ affect their educational attainment goarents’ and children’s ‘abilities’ are
correlated, then the regression coefficient wioaleflect this correlation. Recent
studies of the correlations in cognitive test ressbketween parents and their children
indicate substantial correlations, of the ordef®df (Anger and Heineck 2009, Black
et al. 2009, Bjorklund et al. 2010). ‘Ability’ ndenot only reflect genes, but also
skills acquired during childhood. Aspects of tlaenfly environment that promote
acquisition of such skills may also be correlateth warents’ educational attainments
and their abilitie$, further undermining a causal interpretation ofititergenerational
correlation. The results of the twins’ analysgsoréed later in the paper indicate that,
at least for Norway, the USA and Sweden, the catiggls reported in Table 1
overstate the causal impact of parents’ educatiorchildren’s education, and we
suspect that this is also the case for other cimsntr

The theoretical framework provided in section 3ised to structure empirical
analyses that may allow us to identify the causgbact of mother’'s and father’s
education on that of their children. Before thasihelpful to put parents’ education

in the context of family background viewed more gyaiiy.

2. Sibling correlations

The correlation between siblings in some outconod s1$ educational attainment is a
broader measure of family background and commuefiigcts on that outcome than
the parent-child correlation (Bjorklund et al. 2D08The Norwegian register data

described in detail in section 4 allow us to corepttarrelations in years of education



between siblings born in the years 1973-78 (agethtyvthree to twenty-eight in 2001

when we observe their educational attainment). &@bshows these correlations for

twins, combining monozygotic (MZ) and dizygotic (P&vins, non-twin siblings and

siblings born close together (differences in ageeaifveen nine and thirteen months),

distinguishing between brothers and sisters.

Table 2: Sibling Correlations in Years of Education

A.

Twins Correlation N

All 0.53 2807
Pair of brothers 0.59 932
Pair of sisters 0.62 1027
One brother, one sister 0.35 848
B.

Siblings, at most 5 years Correlation N
difference in age

All 0.37 68,957
Pair of brothers 0.38 18,225
Pair of sisters 0.41 16,256
One brother, one sister 0.32 34,476
C.

Siblings, 9-13 month Correlation N
difference in age

All 0.42 2798
Pair of brothers 0.46 714
Pair of Sisters 0.42 656
One brother, one sister 0.39 1428

Focussing on same-sex correlations, the correkteoe about 0.6 for twins

and 0.4 for non-twins, with the non-twin siblingreglation being slightly higher if

the birth interval between siblings is small.

Ts$ibling correlation indicates what

fraction of the total variance in years of eduaaii® attributable to shared family and
community, and the relationship between the sibtiogelation and the parent-child
(intergenerational) correlation is as follows (Ejomnd et al. 2008): sibling correlation
= (parent-child correlatioh}+ other shared factors that are uncorrelated patents’
education. In the samples in panel B of Table H& parent-child education
correlation (using average parents’ education).&3,0implying that only 0.14 (35
percent) of the 0.4 non-twin sibling correlation education arises because of the
educational attainment of their common parents.e Tfigst is due to other common

family and community factors.



A similar sibling correlation in years of educatis obtained for a relatively
small sample (229 families, 487 people) of Britiglung people born between 1972
and 1984 (born in 1979 on average) observed whed tgenty-two or older (mean
age=twenty-six) who can be matched to their brotmesister: the sibling correlation
is 0.35° The correlation between the average parentalsyefeducation and the
child’s years of education in this sample is 0.&6¢ so it accounts for 37 percent of
the sibling correlatiofi.

In order to explore further how parents’ educatmal other attributes reduce
the variance attributed to ‘family and communitjeefs’ and the correlation between
siblings, we estimate the parameters of a familydom effects modé€l. More
specifically, years of education for individuah family j (E;) is assumed to be given
by E; = X;ip + fj + &; , whereX;; is a set of individual (for example, age, sex) and
family variables (for example, parents’ educatidp)s a family/community effect
assumed to be uncorrelated wKlj and the individual effect;. We estimate the
parameter$ and the variances of the family/community andvidiial effects, the so
called ‘between’ and ‘within’ family variances, pestively. The sibling correlation
net of covariates is the between-family variancgdeid by the sum of the between-
and within-family variances. It indicates the imamce of other shared family
factors that are uncorrelated with the variableX;in

The first row of Table 3 shows the sibling cortiela and the second row
shows the between-family variance net of covari@test is, the variance ¢). In the
first column we only control for the child’s age (;); in the second we also control
for parents’ education and in the third we confial a number of other parental
attributes (measured in 1993) as well, includingirthncomes, work experience,
family size and whether or not they were separatdthe third row shows the
percentage reduction of between-family variance twurs when we control the
family covariates. Controlling for parents’ eduoat reduces the between family
variance by 40 percent and adding the other caesri@duces it by an additional 6-9
percent. The sibling correlation also falls froboat 0.4 to about 0.25.

That is, about one-half of the between-family vaciais attributable to factors that
are common to the brothers and sisters but notleded with the parental attributes
we are able to measure from the Norwegian registe.



Table 3: Decomposition of Family Variance

A. Sisters

Age only Age and Parents’ All covariates*

Education only

Sibling correlation 0.397 0.286 0.256
Between family variance 2.226 1.355 1.160
Percent reduction in
family variance relative 39.1 47.9
to first col.

*In addition to age, mother’s and father's eduaatiparental covariates are father’s earnings, nathe
earnings, mother’s years of work, father’'s yearaiofk, mother’s transfer income, father’s transfer
income, number of children, whether separated grallomeasured as of 1993 (that is, ‘history
variables’ are as of 1993).

N of families=27,736; N of children=13,655

B. Brothers

Age only Age and Parents’ All covariates*

Education only

Sibling correlation 0.373 0.261 0.240
Between family variance 1.871 1.111 0.996
Percent reduction in
variance relative to first 40.6 46.7
column

*In addition to age, mother’s and father’s eduaatiparental covariates are father’s earnings, ngthe
earnings, mother’s years of work, father’'s yearaofk, mother’s transfer income, father’s transfer
income, number of children, whether separated grallomeasured as of 1993.

N of families=31,166; N of children=15, 349

A similar exercise can be performed with the srBaitish sample of siblings
described earlier, but we can only compare thevadpnt of the first two columns in
Table 3 (where we also control for gender in thstfcolumn). Adding parents’
education to the regression reduces the siblingelation from 0.36 to 0.24 and
reduces the between family variance by 43 percotn(1.547 to 0.881). The
similarities with the Norwegian results are strikin Again parents’ education is an
important part of shared family background of sig, but far from the only
important aspect of the shared environment.

We wish, however, to go beyond description of farhackground influences
on educational attainments and estimate the caugalcts of mother's and father’s
education on that of their children. The followitiggoretical framework is used to

structure empirical analyses that may allow uslémiify these causal impacts.



3. Theoretical Framework

Investments in children that affect their educaloattainment require both parental
time and money. Parents’ time with their childteansmits abilities, aspirations and
values that affect how well they do in educationgd dhere are many goods that
parents buy, from early child care to home computerdirect tuition and private

education that affect the level of education thaldecen achieve. Parents’ education
affects the amount and productivity of these inpu@ir aim is to estimate the effect
of a woman’s (man’s) education on her (his) chibsesducation while controlling

for her (his) partner's education. A reasonabterpretation of such an estimate is
that the woman matches with a man with the sameatihim despite her higher
education, which would only occur if all women’suedtion increased by the same
amount. Thus, our analysis approximates the andwethe following thought

experiment and policy question: what would happenttie mean educational
attainment of children if the educational attaintsenf all women (men) were

increased, for the same distribution of availabéeters? There are alternative
guestions, such as how does an increase in andodlis education affect her child’s
education, inclusive of the effects on who theynyfarBut in light of general increase

in parents’ education we focus on the former quoesti

Child’s education equation

We follow Jere Behrman and Mark Rosenzweig (200%) assume that a child’s
educational attainment depends linearly on the a&thutal attainment of each of their
parents Edmother @and Ediaher), plus some unobserveate-education ‘endowments’.
While it is hard to be specific about the constitiseof these ‘endowments’, thinking
about them is important because they are likelybéo correlated with parents’
education. The first of these agarnings endowments of each paremnfowmother
and Endowsaher) that affect their hourly earnings, which in tumave income, time
allocation and bargaining effects on their childseeducation, as is described in the
discussion of the effects of parents’ educatios.dafined here, earnings endowments
reflect genetic inheritance and pre-education emwirental influences. We also
assume that there is an endowment of the motheegsipg her skill for child-rearing
(Par Kmother), and a child-specific attribute:

Edchiia=01Emotner + 52Etathert T1ENAOWmother+ T2ENOWtather +Par Kmgther+ €



Such a ‘reduced form’ equation is consistent withngn models of family resource
allocation in which human capital investments ia tiext generation (or the fruits of
them) are valued by parents. While the father®dl &k child-rearing could also
appear in this equation, it is plausible that thethmar’'s time is more important in
child-rearing, and so we take that into accounhis stark manner.

The coefficient on each parent’'s education meastines effect of their
education net of the effects of their endowmentsickv are likely to be correlated
with their educational attainments. In the contxéconomic models of the family,
the parental education coefficients should reftacte separate effects of a parent’s
education on the education of their child (for epéan Ermisch 2003; pp. 86-90).
First, there isan income effect, which is positive because higher education irsgea
the capacity to earn income in the market and nmo@me is spent on everything that
parents value. Second, theraisubstitution or time allocation effect, which depends
on the impact of a parent’s education on the cbBuman capital investment in their
children. How costs vary with a parent’s educatiepends on how much it increases
the parent’'s earning capacity, how much of the m&etime is spent on child-
education-enhancing activities and how much a paresducation increases the
productivity of their time in such activities. Timearginal cost of investment could,
for example, decrease with higher parent’s educdigrause it enhances productivity
sufficiently relative to their earning capacity @nket productivity’); or a there may
be no effect on marginal cost of a parent’s edooaliecause that parent contributes
little time to human capital investment in childremhird, there may ba bargaining
effect; for example, if mothers value children’s educatimore than fathers and
higher education increases her bargaining powegheni mother’'s education relative
to the father’s would increase children’s educatimough this channel. In addition,
analysis of American parents’ time use (Guryanl.eR@08) suggests that time spent
with children is valued more by better educatecepa® The coefficients associated
with the parents’ earnings endowments also reflecome, time allocation and
bargaining effects, but in addition they refleceé thssociation between parents’ and
their children’s endowments—'heritability’.

Least squares estimation of the parameters ofhihdsceducation equation is
unlikely to identify the effects of parents’ eduoaton children’s because the parents’
unobserved endowments are omitted from the regmesdiheir earnings endowments

are likely to be correlated with their educatiomainments, both because each



parent’s education is correlated with their ownamehent and because each parent’s
endowment is correlated with that of the other paaad the other parent’s education

through matching in the marriage market.

Mother-twins

How might data on twin-mothers help address thibl@m? The assumption that we
make to identify the effects of parents’ educat®hatPar Kmother @aNA ENAOWother
depend entirely on either genes or their commoidichod environment, making
them common to identical (MZ) twins. Then takirt tdifference between the
offspring’s education equations of identical twirsters eliminates the sisters’
endowments, leaving only differences in the twiasd their spouses’ educational
attainments and differences in their spouses’ agrendowments on the right hand
side of the equation. More formally, & indicates a difference, the differenced
children’s (cousins’) education equation is:

AEdehiit= 01AEdmother + 02AEGkather + T2AENAOWtather + A€
But why do twins who are supposed to have identicdles ofParSmomer and
Endowmother €nd up with different levels of education? Thew @early other aspects
of their individual experiences that influence theducational attainments. In order
for estimation of the differenced equation to idigrthe effects of parents’ education
these other aspects must not hawdract effect on the education of their children.
That is another way of stating our identifying amgtion.

Omission of the difference in the fathers’ endowtadiENdows,imer) from the
differenced equation could still cause a problewabee it may be correlated with the
difference in the twin-mothers’ education and théecence in their spouses’
education. For example, if fathers’ endowmentsarsitively correlated with their
education, omission of the difference in fathersdt@vments would tend to bias
upwards the estimated impact of father’s educafdg)) We need a measure of the

difference in the spouses’ earnings endowments.

Earning-capacity equation

Assume that each person’s observed earnings per(Rarnings) depend on their
educational attainmentEd), their work experienceEkper), their pre-education
earnings endowmenEfdow) and ‘luck’, measurement error ete):(

Earnings=pEd+ p«Exper + Endow + v



From a sample of identical twins we can eliminae éarnings endowments by taking
the difference between them, thereby obtainingredés of the effects of education
and work experience on earningsandfy) that are not contaminated by correlation
between a person’s endowment and their educatidnaamk experience. With the
estimates off andfx we can obtain an estimate of the person’s endowples the
‘luck’ term, Endow + v. If v mainly reflects measurement error or ‘earningkbo
then we will have an error-ridden measure of endents) thereby imparting errors-
in-variables bias to our estimates if true endowisiemd education are correlated.
Alternatively, if v mainly reflects post-education persistent factmg people sort
themselves into couples partly on the basis,dhen it is appropriate to control for
Endow + v. Given the uncertainty about the correct asswmpive present estimates
of the parameters of the differenced children’suios’) education equation with and
without the measure dfEndowsamer. In Our empirical application, most of the twins
have nine years of data, which is averaged, tonast{f andpx. This makes it more

likely thatv reflects persistent factors.

Father-twins
What can we learn from twin-fathers? Efidowsaher IS the same for each twin,

AEdehiit= 01AEmother + 02AECather + T1AENAOWirgther + APar Kmother +AE
While we can use the same method to measure tleeathite in the mothers’ earnings
endowments as used for fathers, using differenegwden father-twins does not
remove the impact of parenting skills of the motitrem the picture, and if these are
correlated with the mother’'s earnings endowmertherfather’s education, estimates
of the effects of parents’ education would be lhas©f course, the implication of a
larger chance of omitted variable bias with fattvens is a consequence of our
assumption that parenting skills of the mother atet is mainly important. If
parenting skills of the father also played an int@at role in shaping the child’s
educational attainments, then the estimates basedother-twins would suffer from
a similar problem.

In general, if it is the case that child-reaririglls of the mother are more
important than those of the father, then the omissof the parenting skills’
endowment from the twin-difference education edureti would have more of an
impact on the estimates of the effects of paresdsication based on father-twins than

those based on mother-twins. If the mother's pargrskills endowment is positively



correlated with the education of the father throuagditching in the marriage market,
then we expect that estimates of the effect offétleer’'s education obtained from
father-twins will be larger than those obtainednfronother-twins. Similarly, the
estimated effect of the mother’s education obtaifnech father-twins would also be
larger than those obtained from mother-twins if timother’'s parenting skills
endowment is correlated positively with her eduaratiWe do in fact find this pattern

in section 5.

4. Norwegian data

The foundation of the samples used in our empiacallysis is a register-based panel
data set covering the entire resident populatioNafway for the years 1993-2001.
Information on household size and composition dsagendividual information such
as place of residence, date of birth, educatiotainanent and work status is obtained
from these data. Here twins are defined as peafpllee same sex, born in the same
calendar year and month from the same parents.utAdote-half are likely to be MZ
twins while the other one-half are DZ, who are flaene in terms of inheritance of
genes as other siblings, and differ from otherirsgsl in being born on the same day.
Both twin parents and their children need to beealn 1993 to be observed in our
data, and to be in our analytical samples bothdwmuist have at least one child aged
over twenty-two in 2001. Education levels are mead in 1993 for twins (parents)
and in 2001 for their children. The levels of ealimn are transformed into years of
education according to the maximum level of edecatittained. The sample of twin-
mothers consists of 2,914 children (aged over Binf787 families, and the twin-
father sample consists of 3,020 children from 78fhiies. Appendix Table 1
provides descriptive statistics comparing our twisamples with the general

population.

5. Baseline Results: Norway and USA

All specifications of the twins’ regressions inoydn addition to the other parent’s

education, the gender and age of the child and heheair not parents were living

10



together in 1993. Female children remain in education for aboutloalé year longer
and parental separation tends to reduce the chj@hss of education in all estimated
models. In each case, we compare two specificatigitisout and with an estimate of
the other parent’s earnings’ endowment estimatédaway described in sectiort3.
The results for Norway in panel A of Table 4 indecaimilar effects of each parent’s
education using either twins’ sample: the estimatdct of mother's education is
never statistically different from father's eduoatj either between the mothers’ and
fathers’ twins estimators or within each twin-typstimator. The corresponding
ordinary least squares estimates for mother’s atitef's education effects are 0.249
and 0.213, respectively, from the mother-twins’ pemand 0.220 and 0.218 from the
father-twins’ sample, neither being statisticallffetent from one another. Using
father-twins produces larger estimated effects loth parent’'s education than
estimates based on mother-twins, and with thesematsts mother and father effects
are nearly identical. The coefficient of the eags endowment (not shown) is
positive (and larger in the father-twins’ estimate)t has only a small effect on the
estimates of the effects of parents’ education. aM® tested whether effects of
parental education differ by the sex of the chalidg found no evidence of significant

differences using the twins’ sampfes.

Table 4: Twins-estimates of Parents’ Education on kild’s Education

A. Norwegian data (standard error in parentheses)

Method: Mother-Twins Father-Twins
No endowment Endowment No Endowment
control control endowment control
control

Mother’s 0.104 0.101 0.157 0.156
education (0.040) (0.040) (0.030) (0.030)
Father’s 0.118 0.119 0.159 0.157
education (0.025) (0.025) (0.033) (0.033)

Source: Pronzato (2010). All specifications incltlle gender and age of the child and an indicdtor o
parents’ not living together in 1993; N=1,575 matheins, 1,582 father-twins.

B. United States’ data (standard error in parenthess)

Method: Mother-Twins Father-Twins
No endowment Endowment No Endowment
control control endowment control
control

Mother’s -0.274 -0.263 0.043 0.016
education (0.145) (0.145) (0.139) (0.145)
Father’s 0.133 0.141 0.344 0.350
education (0.071) (0.072) (0.162) (0.162)

Source: Behrman and Rosenzweig (2002) Tables $aNa424 mother-twins, 244 father-twins.
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Panel B of Table 4 shows analogous estimates ®nwins from Behrman
and Rosenzweig (2002) using a sample of MZ twimsnfrthe Minnesota Twin
Register, with information obtained from a mailvay. Children of twins from both
country’s samples were born around the same time-e#lnly 1970s. The estimated
effect of father's education from the US samplesignificantly larger than that of
mother’s educatiof? The effect of mother’s education is estimatetiésmall, if not
negative. These results are strikingly differerdanf the Norwegian estimates,
although the small US samples, particularly fohéattwins, produce fairly imprecise
estimates of the effects, even when the estimaities significantly from zero.

For both countries the larger estimated impactdaih parents’ education
found with the father-twins sample are consisteith vihe unobserved mother’s
parenting skills endowment being correlated posiyiwvith her and her partner's
education, as predicted at the end of section Bis 1 because the father-twins’
estimates do not difference-out her parentingsikeihdowment.

An issue that has not, to our knowledge, beeredargth a twins-(or sibling-)
difference strategy to identify effects arises frthra fact that the cousin offspring are
part of the same extended famify. To the extent that this generates similarities
between cousins because of social influence withe extended family, offspring
differences in education may be compressed , whiely reduce the estimated
impacts of parents’ education relative to those tire general populatioff.
Furthermore, sisters may interact more within tiéemded family than brothers,
thereby reducing estimated parental education tsffieem the twin-mothers’ sample
relative to those using the twin-fathers’ sampleso, that may also account for the
larger effects estimated from twin-fathers’ samples

Estimates for MZ twins from the Norwegian data ¢enobtained by using
information on siblings, who are comparable in termf shared genes to DZ twins.
The average effect of the twin-parents’ educatmrttie mixture of MZ and DZ twins
is approximatelyda = 0.%yvz+ 0.%pz, because about one-half of the twins are
identical ones. In order to make the sibling eatems as comparable as possible to DZ
twins we focus on same sex siblings born betweand®13 months of one another—
this sample provides our estimatedgf.'® To illustrate, in the case of endowment
controls, the shared-mother sibling estimate of @ffect of mother’'s education is
0.136 and the shared-father sibling estimate ofédfiect of father's education is

0.124% In conjunction with the corresponding twins-esttes in Table 4-A these

12



estimates imply that for Norwegian MZ twins theimsited effect of mother’s
education is 0.066 (std. error=0.089) and the effiétather’s education is 0.190 (std.
error=0.072). At first sight, these estimates fdZ twins appear to be more
comparable to the US estimates in the sense tleaestimated effect of father’s
education is larger than that of mother’'s educatiod the latter is not statistically
significantly different from zero. But the poinstenate of the effect of father’s
education is smaller in Norway than in the USA #mal estimated effect of mother’s
education is larger than in the USA, and indeedingwo their imprecision, the
Norwegian estimated effects do not differ statadticbetween fathers and mothers.

To summarise, from Table 4 it appears that in Ngre@ach parent’s education
has a similar effect on their children’s educatiattainments, while in the USA it is
only father’s education that has an impact on tthecation of his offspring. The
relatively low precision of the US estimates makedifficult, however, to come to
strong conclusions—for instance, the father-twiestimates of the effect of father’s
education for MZ twins do not differ significanthetween the two countries despite a
difference in the point estimate of 0.16 (the stadderror of the difference is 0.18).
There is, however, some indication from the MZ svipoint estimates that the effect
of mothers’ education may be smaller than thatatiidr’'s, both in Norway and the
USA. Furthermore, MZ-twins-estimates for Swededaolmlund et al. 2008, p.32)
indicate a marginally significant positive effect father’'s education (0.111; std.
error=0.063) using a father-twins’ sample, but gually zero effect of mother’s
education (-0.014; std. error=0.055) using a metiérs samplé’ Because of the
imprecision of the estimates, the difference ineptal effects is not statistically
significant.

Behrman and Rosenzweig (2002) argue that the smefiflect of mother’s
education may have occurred because mother’s tintee home is critical to the
development of children’s skills that payoff inrtes of educational attainments, and
better educated mothers work more in paid employrard as a consequence spend
less time at home with their children during chddd. We investigate this issue for

Norway in the next section.
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6. Impact of mother’'s employment history on children’s education

First, using Norwegian mother-twins, we find thatadditional year of the mother’s
education indeed increases her work experienceéasured by her years of pension
contributions as of 1993; mean=14.6 years) by al®unonths (std. error=1.4
months). The father’'s education has an insigniticaegative effect on her work
experience.

To investigate whether or not the educational mth@nts of Norwegian
children are sensitive to the time that the motlspent at home we use a different
method, which compares similar women rather thansw We select a sample of
mothers who have at least one child aged over yatsvda in 2001, who have had
their children with only one partner, and for whera have data on ‘pension points’
(related to the level of their earnings) in 1998/e form clusters of mothers, all of
whom have the same level of education and agesdahee number of children, the
same age of oldest child and the same level ofauurcfor the father. Thus each
cluster is homogenous with respect to these vasablThere are 34,365 of such
clusters with an average of 13.2 women per clug®4,943 observations in total).
We then estimate a fixed effects’ regression inciwhithe average years of education
of a woman’s children (aged over twenty-two) ie ttependent variable, the cluster
to which she belongs is a ‘fixed effect’ and tharngethe mother spent in employment
(as measured by her pension contributions), heragee‘pension points’, father’s
years in employment and his average pension poimtsether the parents are
separated and the percentage of a woman’s childitem are daughters are the
explanatory variables. Thus, we only usehin cluster variation to estimate the
effect of the explanatory variables; by construttieariation within a cluster in the
mother’s experience in paid employment is not dateel with the variables that
define the cluster. Data from 1997 on hours angesandicates that ‘pension points’
are significantly correlated with wages and hoars] so represent a proxy for them.

Theoretically, an additional year in employment haentially opposing
impacts on the child’s education: it reduces tirpend at home with children but it
increases family income (that is, less time ingatshildren but more goods inputs).
The results in Table 5 indicate that more employinegperience increases children’s
years of education, contrary to the hypothesis fartvard by Behrman and
Rosenzweig (2002) to explain the small effect othmds education estimated with
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their data. It appears that the income effect dabeis and/or the actual reduction in
time with children is small, with other non-markighe being reduced in response to

more employment time (as suggested by Guryan 20aB).

Table 5: Fixed Effect (by Cluster) Estimates of Impcts of Parents’ Employment
Experience on the Average Years of Education of tleChildren

Parameter estimate Standard Error

Per cent daughters 0.349 0.007
Parents separated -0.537 0.008
Mother’s pension years 0.014 0.001

Mother’ Ave. Pension Pt. 0.043 0.004
Father’s pension years 0.011 0.001
Father’ Ave. Pension Pt. 0.143 0.003
Constant 11.812 0.023

N observations=454, 943; N of clusters=34,365.steluis defined so that all mothers in the cluster
have the same level of education and age, the samber of children, the same age of oldest child
and the same level of education for the father.

One way that children of mothers who spent more fimpaid employment achieve
higher educational attainments is by doing betteschool, which increases their
chances of pursuing higher education. We haveatatgades obtained by children
at the end of lower secondary school for the 198td of children, who finished
lower secondary school in 2002. For this grouptolidren we form clusters based on
the same criteria as earlier, and perform a fiéeteregression that exploits within
cluster variation to estimate the impact of pareygars of employment on the child’s
grades. We focus on grades in three subjects: &ian, Maths and English.

The explanatory variables are the same as in Tallgh two exceptions: (1) as the
unit of observation is the child, not the mothegr pent daughters is replaced by a
dummy variable for being female; (2) we split pasemork experience and average
pension points into two segments of childhood: auphe child’s fourth birthday and
the next three years of childhood (from the chilidsrth to seventh birthday). While
the latter variable refers precisely to a momenhendevelopment of the child whose
outcome is observed, the first variable summarizesvhole parent’s career, from its
beginning to the fourth birthday of the child. Téfere, the effects of pension years
and pension points may not seem easy to interpre¢ shey depend on how mothers
distribute the time of work between the years priothe childbirth and the four years
following it. However, by clustering for the agetbe oldest child and the number of
older children, the comparison is amongst womeih wifprobably - the first career-
interruption at the same time (given by the saneeadhe oldest child) and the same

number of interruptions due to maternity (given tye same number of older
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children). These two variables, used for the chusge should help to compare women

with a similar career.

Table 6: Fixed Effect (by Cluster) Estimates of Impcts of Parents’ Employment
Experience on the Maths’ Grade of their Children wken aged 16

Parameter estimate Standard Error
Female 0.138 0.011
Parents separated -0.255 0.016
Mother’s pension years, up to
age 4 of child 0.003 0.002
Mother’ Ave. Pension Pt.,
up to age 4 of child 0.044 0.008
Father’s pension years
up to age 4 of child -0.001 0.002
Father’ Ave. Pension Pt.
up to age 4 of child 0.021 0.006
Mother’s pension years
ages 4-7 of child 0.018 0.007
Mother’ Ave. Pension Pt.
ages 4-7 of child -0.007 0.006
Father’s pension years,
ages 4-7 of child 0.000 0.012
Father’ Ave. Pension Pt.
ages 4-7 of child 0.023 0.005
Constant 3.151 0.035

N observations=41, 057; N of clusters=5,886. @lust defined so that all children in the clustavd
the same mother’s level of education and age,aheeswumber of siblings, the same age of oldest
sibling and the same level of education for thadat

The results indicate that mother’'s employment eéepee up to age four of the
child is not statistically significant, with the @gption of English grades, for which it
has a positive effect. Mother’'s work experienceMeen the ages of four and seven
of the child has a significant positive effect arades in all three subjects. Table 6
shows the results for grades in math, for which gagtern of coefficients is
representative of the two other subjects.

These exercises strongly suggest that, at ledsoiway, even if the effect of
mother’s education is smaller than that of thedatlthis is not because her greater
employment experience reduces her child’s perfooman school nor her child’s
years of completed education. Indeed it appeal®tan advantage to spend time in
contexts other than that of the home. Of coutse,cbnclusion may be different for
the USA because of, for example, differences itdotare arrangements for working
mothers, which are likely to be more accessiblesapler and of better quality in
Norway than their USA counterparts for a large isecdf the population.
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The analyses in Tables 5 and 6 are also relevamptaicy change in Norway
in August 1998. A cash-benefit was offered to fasiwith a child between one and
three years old (maternity leave is one year) wakgemo or very limited use of state-
subsidized day-care facilities. The amount oflibeefit is up to 400€ euros a month,
not taxable, and not tested against parents' incom@bour market participation.
Naz (2004) finds that women, particularly highlyuedted women, did less paid work
after the reform while husbands’ working hours dat change. Our results suggest
that children are unlikely to benefit from the nefoin terms of better educational

outcomes, although there may of course be othesfiben

7. Heterogeneous effects

Do the effects of parents’ education differ accogdio their level of education? In
addition to the intrinsic interest of this questi@plitting the sample by parents’
education level approximates two alternative wafysdentifying causal effects of
parents’ education: studying adopted children &edconsequences of a reform in the
education system. The former exploits the lack genetic link between parents and
adopted children, while the latter generates angemous change in educational
attainment for some cohorts or regions, a commaamgke being an increase in
compulsory schooling age. Usually the parents atiopt are not representative of
the population—they are on average older and bettecated® In contrast, reforms
of compulsory schooling only affect education aé thottom of the distribution
because that is where the reform produces the agogechange in parents’ education
(for example, raising the minimum school-leavirgga from fifteen to sixteen). A
common finding in the adoption studies (for examptug 2004. Bjorklund et al.
2006) is that the effect of father's education @sipve and statistically significant
while mother’s education does not have a significzausal impact. In contrast,
studies of reforms of compulsory schooling (for rep¢e, Black et al. 2005) find a
significant positive effect of mother’'s educatidiyt a negligible effect of father’s
educationt’ This pattern is replicated in a study using boththese ways of
identifying causal effects with the same sourc&wedish register data (Holmlund et
al. 2008). The larger effect of father’s education those with higher levels of

education may reflect more father-child interacteanong higher educated fathers, in
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both intact and separated-parent families. Hereewmoit the data on Norwegian
twins to estimate the effects of parents’ educatmrtwo groups: one in which both
parents have 11 or fewer years of education androwhich both have more than 11
years. The results are shown in Table 7.

From the father-twins’ samples, the pattern fromvpous studies is replicated
in the following sense: in the low education sampiether’s education has a
relatively large and statistically significant effein contrast to father’'s education,
while in the high education sample the effect dhéa's education is larger than that
of mother’s, although both are statistically sigraht. The patterns are less consistent
with previous studies when using the mother-twseamples, from which it appears
that each parent’s education has similar effeétgny. From this evidence it is
difficult to come to clear conclusions about thertpaf the parental education

distribution in which effects of parents’ educateme larger.

Table 7: Twins-estimates of Parents’ Education on Rild’s Education,
Norwegian data by Parents’ Education Level (standat error in parentheses)

Method: Mother-Twins Father-Twins
11 or fewer More than 11 11 or fewer More than 11
years of years of years of years of
education education education education
Mother’s 0.121 0.102 0.192 0.180
education (0.083) (0.118) (0.048) (0.056)
Father’s 0.124 0.064 0.096 0.287
education (0.031) (0.076) (0.099) (0.079)
N children 2187 270 1529 602
N families 573 79 389 173

Source: Pronzato (2010). All specifications incltle gender and age of the child and an indicdtor o
parents’ not living together in 1993.

Another aspect of heterogeneity is different eéffeaf parental education for
daughters and sons. Buchman and DiPrete’s (20@#8ysis suggests that this could
be important, and gender-specific effects may diffecording to the level of the
parent’'s education. Because of relatively smalh@a sizes it is difficult to
investigate this issue with samples of twins. ideo to explore the issue further we
use large samples of parent-siblings born 13-60thsoapart. We opt to trade some
bias for much better precision. Compared to th@gwestimates in Table 4-A, the
estimated impacts of mother's education are slglatger. For example, for the
specifications with endowment control, the effemftsnothers’ and father’s education

from the sister-mothers’ estimates are 0.126 ad@2).respectively (cf. 0.096 and
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0.124 from the mother-twins’ estimates); from thetber-fathers’ estimates the
corresponding estimates are 0.192 and 0.132, ridsglgc(cf. 0.161 and 0.158 in
Table 4-A). The likely direction of bias from ugisiblings rather than twins is less
clear for the impact of father’'s education becahsebrother-fathers’ estimate for the
effect of father’'s education is actually smallearitthe corresponding twins’ estimate.
Table 8 shows that using the full sample of sistethers, an additional year
of mother’'s education raises their son’s educabgn0.096 years, but it raises a
daughter’s education by 0.159 years. An additigrear of father’s education raises
their offspring’s education by 0.162 years irrespecof the gender of the child.
Estimates using brother-fathers show a similarepatby gender of the child, with the
effects of mother’'s education being generally highred that of father’s being lower

than estimated from sisters.

Table 8: Siblings-estimates of Parents’ EducationroChild’s Education,
Norwegian data (standard error in parentheses)

A. Sisters born 13-60 months apart

Overall 11 or fewer More than 11
years of years of
education education

Mother’s education 0.096 0.113 0.046
(0.007) (0.015) (0.025)
Mother’s ed. * 0.063 0.115 0.045
daughter (0.008) (0.017) (0.030)
Father’s education 0.162 0.162 0.170

(0.006) (0.007) (0.016)
Father’s ed. * -0.005 0.016 -0.055
daughter (0.007) (0.009) (0.019)
N families 29,029 18,679 2,677
N children 101,396 72,753 8,922

All specifications include the gender and age efchild, an indicator of parents’ not living togethn
1993, and the earnings endowment of partner.

B. Brothers born 13-60 months apart

Overall 11 or fewer More than 11
years of years of
education education

Mother’s education 0.162 0.173 0.157
(0.006) (0.009) (0.012)
Mother’s ed. * 0.064 0.094 0.030
daughter (0.007) (0.012) (0.015)
Father’s education 0.133 0.159 0.121

(0.006) (0.016) (0.014)
Father’s ed. * -0.007 0.029 -0.025
daughter (0.006) (0.018) (0.016)
N families 30,491, 14,566 5,840
N children 121,413 62,025 20,728

All specifications include the gender and age efchild, an indicator of parents’ not living togethn
1993and the earnings endowment of partner.
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The gender pattern is repeated when focusing orpleamn which both
parents have eleven years of education or lesRarish study (Bingley et al. 2009,
Table 2), which uses a schooling reform that maaffected less educated parents,
comes to different conclusions: the effect on tbhe's education is larger than for
daughters irrespective of the gender of the paréigo, a Norwegian study (Black et
al. 2005) which uses a reform in compulsory scgplonly finds a significant
positive effect of mother’s education on their s@ducation (in the ‘low education’
(less than ten years) sample). For better edugadeehts in our study, the gender
pattern is less clear because the results difftwdsn the sisters’ and brothers’
samples. For the former, father’'s education hasieh larger effect than that of the
mother, and the father’'s education has larger effacsons than daughters. With
sample of brother-fathers, the effect of mothemsication is larger than that of
father’s education, and the mother’s effect is daeger if the offspring is a daughter.

It appears then that the differential effect of hewsts education always
favours daughters, while the gender interactiom father’'s education is less clear in
direction and it is often statistically insignifita even with our large samples. If we
discount the possibility that mothers act to favagins over boys in their child
investments, the larger effect of their educatiom @aughters suggests that a
mechanism behind the effect may be through thectef® the mothers on their

daughters’ aspirations and motivation—a ‘role maafédct’ for short.

8. Conclusions

We have shown that parents’ education is an impgrtaut hardly exclusive part of
the common family background that generates pesitorrelation between the
educational attainments of siblings from the saamailfiy. But the correlation between
the educational attainments of parents and thosetheir children overstates
considerably the causal effect of parents’ edunatio the education of their children.
Our estimates based on Norwegian twin-mothers ateithat an additional year of
either mother’s or father’s education increases ttteldren’s education by as little as
about one-tenth of a year (the twins’ estimates begownward-biased compared to
the general population because of social influegifacts within the extended family).
While estimates of the effects based on fathergvaire about fifty percent higher for
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both parents, we have reason to believe that theSmates are biased upwards.
There is some evidence that the mother’s effeletrgeer among less educated parents,
while the father’s effect is larger among betteneded parents. We also find that the
effect of mother’s education is larger for daughtéian sons.

Comparing indirect estimates for monozygotic twiasNorway and Sweden
with identical twins’ estimates from the USA, itpsars that father’'s education has a
larger effect than that of mothers in all threerdaes, but the parental effects only
differ significantly in the USA analysis. One eapétion for a smaller maternal effect
is that better educated mothers work more in paigleyment and spend less time
interacting with their children. We test this hyjpesis for Norway using a ‘matching
estimator’ and find no evidence to support it; idiehildren of otherwise identical
mothers (on a number of criteria, including botlhemés education) who worked more
in paid employment completmore years of education. Of course, the relationship
may differ in the USA, say because of better areaplr child care arrangements in
Norway. Also, in light of the imprecision of th@ipt estimates that we have for the
USA it may be the case that the difference in patezifects is not really much larger
in the USA than in Norway or Sweden.

Comparison of the twins’ estimates with converdiaregression estimates for
Norway suggests that about one-half of the coimelabetween parent and child
education appears to reflect the correlation oiveiets and attitudes of parents that
improve their children’s educational achievementithwhe parents’ own education
rather than a causal impact. Recent research bybthe authors (Ermisch 2008)
tries to quantify the impact of educational actestand parenting style on a child’'s
pre-school development. It suggests that evengtihdliese parental ‘inputs’ to child
development have significant effects on child depeient and are strongly correlated
with parents’ education, a large part of the ddferes in early cognitive and
behavioural development by parents’ education conme group remain unaccounted
for by these inputs. Thus, there still remains Imte discover about the aspects of
‘what parents do’ that enhances their children’'sicational attainments and how

these aspects are correlated with parents’ eduncatio
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Appendix Table 1: Descriptive Statistics on Norwegian Parestand Children (Twins and Overall

Population)
Mothers Fathers
Twins Population Twins Population
Parent's level
Age (1993) 44.3 47.1 47.5 50.8
(6.1) (8.6) (6.9) (9.4)
Number of siblings (1993) 3.45 3.72 3.42 3.89
(3.42) (4.99) (3.87) (5.37)
Years of schooling (1993) 10.9 11.2 115 11.6
(2.1) (2.2) (2.6) (2.6)
Earnings (€ - 1993) 13,342 12,382 23,216 20,423
(10,287) (10,312) (17,750) (19,381)
Transfers (€ - 1993) 3,067 3,210 2,281 3,437
(4,329) (4,275) (4,900) (6,025)
Self employed (1993) 0.103 0.097 0.224 0.260
Number of children (1993) 2.45 2.42 2.44 2.51
(0.94) (2.02) (0.94) (1.07)
Parents - observations 1,575 278,390 1,582 303,703
Child's level
Age (2001) 27.0 29.4 27.8 29.7
(7.0) (8.8) (7.2) (9.3)
Years of schooling (2001) 12.9 12.9 12.9 12.9
(2.4) (2.4) (2.4) (2.4)
Other parent’s schooling (1993) 11.6 115 11.1 11.0
(2.6) (2.6) (2.2) (2.2)
Divorce (1993) 0.205 0.176 0.187 0.159
Earnings (€ - 2001) 25,111 25,540 25,488 25,740
(17,999) (19,289) (17,571) (19,360)
Transfers (€ - 2001) 3,235 3,393 3,177 3,365
(5,520) (5,673) (5,339) (5,655)
Self employed (2001) 0.076 0.097 0.083 0.105
Children - observations 3,857 674,507 3,853 764,256
Children over 22-observations 2,914 545,523 3,020 18,560

Notes: average values with standard deviationsratiets; “self-employed” is a dummy variable
indicating whether part of the income is from s&ifiployment work; “number of children” comprises
children of any age; “age” at the child’s levelnieasured for all children while the other variatdés

the child’s level are only summarized for childerer 22.

Source: Pronzato (2010)
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1 On average, their study finds no trend in thesestations over the birth cohorts of 1930-1985,
although for the USA and Great Britain there isdevice of a modest upward trend for more recent
cohorts. In broad terms, the average should, hew®e comparable to the birth cohorts represented
in the current study.

2 It is calculated from a sample of people borrhimyears 1973-78 with at least one sibling
corresponding to that used in panel B of TableiarTable 3. The parents’ education was measured
in 1993. The correlations with the mother’s arttiéa’'s education are virtually the same.

% Recall that the correlation coefficient is theguot of the regression coefficient and the ratithef
standard deviation in parents’ years to the stahdaviation in children’s years of education.

* For instance, Ermisch (2009) shows that betteca@igia mothers tend to ‘score higher’ on educational
activities and better child-mother interactionshatiheir young children. Such behaviour is assediat
with better cognitive development during the prhesd years. Supportive behaviour toward older
children is also more evident among better educatethers, and this behaviour is associated with
better educational attainments for their children.

® These are members of the British Household Pameie$ who can be matched to their parents
because we observed them living together at least during the survey from 1991-2006.

® The parent-child correlation is lower when we @b confine the sample to matched siblings—0.26
for children aged twenty-two and older.

" This exercise is inspired by the one undertakeBjbyklund et al. (2008) to account for the sibling
correlation in income.

8 Positive education gradients in time spent wititdeen contrast with negative ones for typical les
and home production activities, thereby suggegtirgy'different preferences’ interpretation.

° The regressions take the foEn= X;p + fi+ & wheref, is now a fixed effect that may be correlated
with the variables iX;;. The usual ‘fixed effect’ estimation proceduraisgd, which eliminatefsby
subtracting the within-family mean of each varialotem that variable.

1% |deally the earnings variable in the twins’ eagnaapacity regressions should be hourly earnings, b
the register data do not contain hours; the estimiithe endowment is based on average annual
earnings, using nine years to compute the aveiagesst cases.

1n a much larger sample of all same-sex siblisgstion 8 reports that the mother’s education has a
larger effect on daughters than sons, but the teffisthe father's education is the same irrespeatifv

the child’s sex.

2 The corresponding ordinary least squares estinfiatesother’s and father’s education effects are
0.137 and 0.286, respectively, from the mother$iviample and 0.254 and 0.325 from the father-
twins’ sample, the difference in parental effe@b statistically different in the mother-twins’
sample.

13 We are grateful to Tom DiPrete for pointing otistpossibility.

14 As is well known, measurement errors in parerdsication also operate to reduce the estimated
impact, particularly in fixed effects estimation.

'3 n fact, the effects of mother’s and father's aation estimated from samples of siblings changg ver
little when the birth interval between siblingsniglened; see Pronzato (2010).

18 Neither of these estimates is significantly difer from the estimate from the corresponding twins-
estimator. In the mother-sibling estimates, thaveged effect of the father’s education (standardr

in parentheses) is 0.136 (0.027) and the estineffedt of the mother’s education from the father-
sibling estimator is 0.187 (0.031).

" These estimates are based on samples of 5888achiél twin-mothers and 4061 children of twin-
fathers selected from Swedish register data fromrenparents being born between 1945 and 1955.
The estimates control for but the paper does rexemt estimates of the other parents’ education in
each sample. These Swedish estimates of parehisaton effects based on pooled MZ and DZ twins
are not significantly different from the corresporglestimates in Table 4-A for Norway.

18 Also, children are not randomly assigned—adopdiothorities may try to match children to
adoptive couples who are similar to their natueakpts.

9 But Bingley (2009) finds positive and nearly eqefiécts of mother’s and father’s education on
children’s education (0.114 and 0.123, respectjvety not significantly different from one another)
using a 1958 reform in Denmark that affects chitdrethe § and §' grades. Thus, his estimated
effects of parents’ education are very similar tio averall Norwegian estimates based on twins @abl
4-A), both in their size and the absence of a figanit difference between parents.
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