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Intraclass correlations

The intraclass correlations presented in Figure 2 are based on multilevel mixed-e�ects linear

regressions �tted using maximum likelihood. The models include three levels: multiple years of

test scores (either grades 3 to 5 or grades 6 to 8) are nested within individuals, and individuals are

nested within twin or sibling pairs. Accordingly, the analysis includes random intercepts for both

an individual and a pair. The regression takes the following form:

Ygij = α000 + µ00j + π0ij + εgij (1)

with subscripts g used for grade, i for individual, and j for pair. In the regression, α000 is a �xed

intercept representing grand mean; µ00j is pair speci�c random intercept (pair deviation from �xed

intercept); π0ij is an individual speci�c random intercept (individual deviation from pair predicted

outcome); εgij is a residual (grade speci�c deviation from individual predicted outcome). Level 1

of the model is Ygij = β0ij + εgij ; level 2 is β0ij = δ00j + π0ij ; and level 3 is δ00j = α000 + µ00j .

We model the residuals to have autoregressive structure of order one. We �t separately 2Ö2Ö2Ö3

combinations:

� Two outcomes: reading and math

� Two grade levels: 3 to 5 or 6 to 8

� Two pair types: twins and non-twin siblings

� Three gender-composition types: male-male, female-female, male-female

This model allows us to compute within-person, within-pair and between pair variances for each of

the 24 combinations listed above. Namely, level 1 variance (within person) is Ve; level 2 variance

(within pair) is Vπ0; and level 3 variance (between pair) is Vµ00. Once we obtain the three variances

from the model we can compute total pair variance Vtotal = Vπ0+Vµ00, which is just a sum of within

and between pair variances. The intraclass correlation is then a ratio of between pair variance to

total pair variance i.e. ICC =
Vµ00
Vtotal

.

Variance decomposition

We use the same method and exactly the same equation for the variance decomposition shown

in Figures 3 and 4, with one speci�c modi�cation. Namely, we compute variances for 2Ö2Ö2Ö2Ö3

groups:

� Two outcomes: reading and math

� Two grade levels: 3 to 5 and 6 to 8
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� Two gender composition types: same-sex and opposite-sex

� Two pair types: twins and non-twin siblings

� Three levels of SES: low, medium, high

For the SES levels we repeat the analysis separately for maternal education (high school dropout,

high school graduate, college graduate), zip code income terciles, and PCA'ed SES index terciles.

In Figure 3 we directly plot between and within variances obtained from the model for the twin

sample, which yields 3x2x2x2x2 = 48 estimates.

In Figure 4 we compute ICCs for each SES level, pair type, outcome, grade level and sex

composition, which again yields 48 estimates. ICCs are computed as a ratio of between pair variance

to total pair variance for each of the groups.

We compute ICCs and perform variance decomposition using Stata, and the code is available

online.

ACE model with continuous moderator

The standard ACE model decomposes genetic phenotype into three factors: additive genetic

factors (A), common environment factors (C), and speci�c environmental factors (E). It can be

written mathematically as Vp = VA+VC+VE , where Vp is a total variance of the trait and the three

linearly additive variances represent factors A, C and E. This model implies that VA+VC+VE = 1,

and heritability is de�ned as H = VA
Vp
.

In our particular case, we are seeking to understand whether genetic in�uence (A) is moderated

by socioeconomic status of family (SES moderator M). Since we are interested in the interactions

with childhood conditions, we expand the model to include A′, C ′ and E′ components where A′ =

A × M ; C ′ = C × M ; E′ = E × M . Central to our interest is an interaction term A′ that

represents geneÖ SES interaction. We use two continuous SES moderators in this analysis: maternal

years of education and PCA'ed SES index. Thus, the variance in expanded model changes to

Vp|M = (A + A′)2 + (C + C ′)2 + (E + E′)2, and the standardization condition takes a form of
(A+A′)2

Vp|M
+ (C+C′)2

Vp|M
+ (E+E′)2

Vp|M
= 1.

Identi�cation of parameters for this model with twin data usually has used information on

zygosity of twins, relying on the fact that monozygotic twins (MZ) share all their genes, while

dizygotic twins (DZ) share on average half of their genes by descent. Thus, for MZ twins the

observed covariance between twins equals VA+VC while for DZ twins this covariance is 0.5 ·VA+VC .
Similarly when conditioning on continuous moderator we simply replace VA and VC with (A+A′)2

and (C + C ′)2, respectively.

In the absence of information on zygosity, we use the observed gender composition of twin

pair as a proxy to �t the model whose results are shown in Table 1. This is possible because all

opposite-sex twin pairs are dizygotic (DZ), while same-sex twin pairs are a mix of dizygotic (DZ)

and monozygotic (MZ) phenotypes. We standardize test scores within sex to remove any mean

di�erences between sexes.
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In order to proceed with modeling, however, we need a value for rSS which is genetic relatedness

of the same-sex twin group. It can be estimated from rSS = N−M
N +0.5MN , where N is the number

of same-sex twins in the sample and M is the number of opposite-sex twins in the sample. The

�rst right-hand side term is a proportion of monozygotic (MZ) twins in the group, while the latter

is a proportion of dizygotic (DZ) twins (multiplied by their relatedness of .5). Given that same-sex

twins are often composed of about equal numbers of MZ and DZ twins, .75 is sometimes used as

an approximation of rSS. We compute rSS directly from our data, and in the main sample that

yields a value of 0.76 in grades 3 to 5 and value of 0.77 in grades 6 to 8. We test the robustness

of the results for alternative values of rSS: 0.700, 0.725, 0.750, 0.775, 0.800. Based on this we run

2Ö2Ö6 models using twin data:

� Two outcomes: reading and math

� Two grade levels: 3 to 5 and 6 to 8

� Six values for rSS assumption

We compute these models using MPlus, and the code is available online.

Figures and tables

Table S1: Demographic characteristics of mothers

(1) (2) (3) (4)

Characteristic
All Matched to 

school records
Final twin sample Final sibling 

sample
African-American 21.9 24.1 25.6 30.7
Hispanic 23.8 24.2 18.0 25.2
Immigrant 24.0 23.4 18.0 22.2
Married 65.2 62.4 68.0 62.2
HS dropout 20.1 21.8 15.2 25.4
College graduate 21.3 18.0 24.1 18.4
Age 21 or below 21.4 23.2 14.5 24.1
Age 37 or above 7.5 7.1 10.7 4.8

N 1,636,968 1,312,345 24,640 274,786

Births 1994-2002

Notes: The �rst column presents fractions in total population of children born in Florida between 1994 and 2002. The second
column presents fractions in total population of children born between 1994 and 2002 linked to Florida school records. The
third column presents fractions in �nal twin sample used in the empirical analysis. The fourth column presents fractions in
�nal sibling sample used in the analysis.
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Figure S1: Neighborhood income at birth and average achievement test score for combined twin

and sibling pairs sample
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Notes: This �gure plots means of gender-standardized test scores in mathematics and reading over zip-code level neighborhood
income terciles at birth (separated by age group and test type). Sample includes all twin pairs and closely spaced sibling pairs
with available test scores. Closely spaced sibling pair is de�ned as two siblings having the same mother for whom the distance
in months between births is the smallest among births to this mother between 1994 and 2002.

Figure S2: SES index (PCA excluding zip code income) at birth and average achievement test

score for combined twin and sibling pairs sample
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Notes: This �gure plots means (smoothed polynomial) of gender-standardized test scores in mathematics and reading over SES
index based on maternal years of education, medicaid paid birth, mother married, father present and father absent. Sample
includes all twin pairs and closely spaced sibling pairs with available test scores. Closely spaced sibling pair is de�ned as two
siblings having the same mother for whom the distance in months between births is the smallest among births to this mother
between 1994 and 2002.
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Figure S3: SES index (PCA including zip code income) at birth and average achievement test

score for combined twin and sibling pairs sample
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Notes: This �gure plots means (smoothed polynomial) of gender-standardized test scores in mathematics and reading over SES
index based on maternal years of education, medicaid paid birth, mother married, father present, father absent and median
zip-code level neighborhood income at birth. Sample includes all twin pairs and closely spaced sibling pairs with available test
scores. Closely spaced sibling pair is de�ned as two siblings having the same mother for whom the distance in months between
births is the smallest among births to this mother between 1994 and 2002.

Figure S4: Maternal years of education and average Stanford achievement test score for combined

twin and sibling pairs sample
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Notes: This �gure plots means of gender-standardized Stanford achievement test scores in mathematics and reading over
maternal years of education (separated by test type). Sample includes all twin pairs and closely spaced sibling pairs with
available test scores. Closely spaced sibling pair is de�ned as two siblings having the same mother for whom the distance in
months between births is the smallest among births to this mother between 1994 and 2002. Stanford achievement test is only
available for grades 3 to 5.
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Figure S5: Neighborhood income at birth and average Stanford achievement test score for

combined twin and sibling pairs sample
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Notes: This �gure plots means of gender-standardized Stanford achievement test scores in mathematics and reading over zip-
code level neighborhood income terciles at birth (separated by test type). Sample includes all twin pairs and closely spaced
sibling pairs with available test scores. Closely spaced sibling pair is de�ned as two siblings having the same mother for whom
the distance in months between births is the smallest among births to this mother between 1994 and 2002. Stanford achievement
test is only available for grades 3 to 5.

Figure S6: SES index (PCA excluding zip code income) at birth and average Stanford

achievement test score for combined twin and sibling pairs sample
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Notes: This �gure plots means (smoothed polynomial) of gender-standardized Stanford achievement test scores in mathematics
and reading over SES index based on maternal years of education, medicaid paid birth, mother married, father present and
father absent (separated by test type). Sample includes all twin pairs and closely spaced sibling pairs with available test scores.
Closely spaced sibling pair is de�ned as two siblings having the same mother for whom the distance in months between births
is the smallest among births to this mother between 1994 and 2002. Stanford achievement test is only available for grades 3 to
5.
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Figure S7: SES index (PCA including zip code income) at birth and average Stanford achievement

test score for combined twin and sibling pairs sample
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Notes: This �gure plots means (smoothed polynomial) of gender-standardized Stanford achievement test scores in mathematics
and reading over SES index based on maternal years of education, medicaid paid birth, mother married, father present, father
absent and median zip-code level neighborhood income at birth (separated by test type). Sample includes all twin pairs and
closely spaced sibling pairs with available test scores. Closely spaced sibling pair is de�ned as two siblings having the same
mother for whom the distance in months between births is the smallest among births to this mother between 1994 and 2002.
Stanford achievement test is only available for grades 3 to 5.

Figure S8: Between- and within-pair variance in Stanford achievement test for same-sex and

opposite sex twins
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Notes: The left-hand side �gures present between- and within-pair variance among same-sex and opposite-sex twins in grades
3 to 5 Stanford mathematics achievement test. The right-hand side �gures present identical results for reading test. For
estimation details see Figure 3.
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Figure S9: Intraclass correlations for same-sex and opposite-sex twin and non-twin sibling pairs on

Stanford achievement test
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Note: The left-hand side �gures present intraclass correlation coe�cients among same-sex and opposite-sex pairs of twins and
closely spaced siblings in grades 3 to 5 Stanford achievement test. The right-hand side �gures present identical results for
reading test. For estimation details see Figure 4.
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Figure S10: Between- and within-pair variance in achievement test scores for same-sex and

opposite-sex twins. Neighborhood income SES measure.
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Note: The left-hand side �gures present between- and within-pair variance among same-sex and opposite-sex twins in grades 3
to 5 mathematics (top) and reading (bottom) FCAT test scores. The right-hand side �gures present identical results for grades
6 to 8. Socioeconomic status is measured based on zip-code level neighborhood income. For estimation details see Figure 3.
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Figure S11: Intraclass correlation for same-sex and opposite-sex twin and non-twin sibling pairs.

Neighborhood income SES measure.
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Note: The left-hand side �gures present intraclass correlation coe�cients among same-sex and opposite-sex pairs of twins and
closely spaced siblings in grades 3 to 5 mathematics (top) and reading (bottom) FCAT test scores. The right-hand side �gures
present identical results for grades 6 to 8. Socioeconomic status is measured based on zip-code level neighborhood income. For
estimation details see Figure 4.
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Figure S12: Between- and within-pair variance in Stanford achievement test for same-sex and

opposite-sex twins. Neighborhood income SES measure.
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Notes: The left-hand side �gures presents between- and within-pair variance among same-sex and opposite-sex twins in grades 3
to 5 Stanford mathematics achievement test. The right-hand side �gures present identical results for reading test. Socioeconomic
status is measured based on zip-code level neighborhood income. For estimation details see Figure 3.

Figure S13: Intraclass correlations for same-sex and opposite-sex twin and non-twin sibling pairs

on Stanford achievement test. Neighborhood income SES measure.
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Note: The left-hand side �gures presents intraclass correlations among same-sex and opposite-sex pairs of twins and non-twin
siblings in grades 3 to 5 Stanford mathematics achievement test. The right-hand side �gures present identical results for reading
test. Socioeconomic status is measured based on zip-code level neighborhood income. For estimation details see Figure 4.
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Figure S14: Between- and within-pair variance in achievement test scores for same-sex and

opposite-sex twins. White mothers
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Note: The left-hand side �gures present between- and within-pair variance among same-sex and opposite-sex twins in grades 3
to 5 mathematics (top) and reading (bottom) FCAT test scores. The right-hand side �gures present identical results for grades
6 to 8. Socioeconomic status is measured based on maternal years of education. Sample of white mothers. For estimation
details see Figure 3.
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Figure S15: Intraclass correlation for same-sex and opposite-sex twin and non-twin sibling pairs.
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Note: The left-hand side �gures present intraclass correlation coe�cients among same-sex and opposite-sex pairs of twins and
closely spaced siblings in grades 3 to 5 mathematics (top) and reading (bottom) FCAT test scores. The right-hand side �gures
present identical results for grades 6 to 8. Socioeconomic status is measured based on maternal years of education. Sample of
white mothers. For estimation details see Figure 4.
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Figure S16: Between- and within-pair variance in achievement test scores for same-sex and

opposite-sex twins. Mothers up to age 30.
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Note: The left-hand side �gures present between- and within-pair variance among same-sex and opposite-sex twins in grades 3
to 5 mathematics (top) and reading (bottom) FCAT test scores. The right-hand side �gures present identical results for grades
6 to 8. Socioeconomic status is measured based on maternal years of education. Sample of mothers up to the age of 30. For
estimation details see Figure 3.
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Figure S17: Intraclass correlation for same-sex and opposite-sex twin and non-twin sibling pairs.

Mothers up to age 30.

.2
.4

.6
.8

1
IC

C

< 12 12-15 > 15
Maternal years of education

Twins

.2
.4

.6
.8

1
IC

C

< 12 12-15 > 15
Maternal years of education

Non-twin sibs

Grade 3-5, Math

Same-sex pair Opposite-sex pair

.2
.4

.6
.8

1
IC

C

< 12 12-15 > 15
Maternal years of education

Twins

.2
.4

.6
.8

1
IC

C

< 12 12-15 > 15
Maternal years of education

Non-twin sibs

Grade 6-8, Math

Same-sex pair Opposite-sex pair

.2
.4

.6
.8

1
IC

C

< 12 12-15 > 15
Maternal years of education

Twins

.2
.4

.6
.8

1
IC

C

< 12 12-15 > 15
Maternal years of education

Non-twin sibs

Grade 3-5, Reading

Same-sex pair Opposite-sex pair

.2
.4

.6
.8

1
IC

C

< 12 12-15 > 15
Maternal years of education

Twins

.2
.4

.6
.8

1
IC

C

< 12 12-15 > 15
Maternal years of education

Non-twin sibs

Grade 6-8, Reading

Same-sex pair Opposite-sex pair

Note: The left-hand side �gures present intraclass correlation coe�cients among same-sex and opposite-sex pairs of twins and
closely spaced siblings in grades 3 to 5 mathematics (top) and reading (bottom) FCAT test scores. The right-hand side �gures
present identical results for grades 6 to 8. Socioeconomic status is measured based on maternal years of education. Sample of
mothers up to age of 30. For estimation details see Figure 4.
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Figure S18: Between- and within-pair variance in achievement test scores for same-sex and

opposite-sex twins. SES terciles based on PCA (excluding zip code income).
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Note: The left-hand side �gures present between- and within-pair variance among same-sex and opposite-sex twins in grades 3
to 5 mathematics (top) and reading (bottom) FCAT test scores. The right-hand side �gures present identical results for grades
6 to 8. Socioeconomic status is measured based on index constructed using PCA where we include maternal years of education,
medicaid paid birth, parents married, father present and father absent. For estimation details see Figure 3.
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Figure S19: Intraclass correlation for same-sex and opposite-sex twin and non-twin sibling pairs.

SES terciles based on PCA (excluding zip code income).
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Note: The left-hand side �gures present intraclass correlation coe�cients among same-sex and opposite-sex pairs of twins and
closely spaced siblings in grades 3 to 5 mathematics (top) and reading (bottom) FCAT test scores. The right-hand side �gures
present identical results for grades 6 to 8. Socioeconomic status is measured based on index constructed using PCA where we
include maternal years of education, medicaid paid birth, parents married, father present and father absent. For estimation
details see Figure 4.
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Figure S20: Between- and within-pair variance in Stanford achievement test for same-sex and

opposite sex twins. SES terciles based on PCA (excluding zip code income).
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Notes: The left-hand side �gures present between- and within-pair variance among same-sex and opposite-sex twins in grades 3
to 5 Stanford mathematics achievement test. The right-hand side �gures present identical results for reading test. Socioeconomic
status is measured based on index constructed using PCA where we include maternal years of education, medicaid paid birth,
parents married, father present and father absent. For estimation details see Figure 3.

Figure S21: Intraclass correlations for same-sex and opposite-sex twin and non-twin sibling pairs

on Stanford achievement test. SES terciles based on PCA (excluding zip code income).
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Note: The left-hand side �gures present intraclass correlation coe�cients among same-sex and opposite-sex pairs of twins and
closely spaced siblings in grades 3 to 5 Stanford achievement test. The right-hand side �gures present identical results for
reading test. Socioeconomic status is measured based on index constructed using PCA where we include maternal years of
education, medicaid paid birth, parents married, father present and father absent. For estimation details see Figure 4.
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Figure S22: Between- and within-pair variance in achievement test scores for same-sex and

opposite-sex twins. SES terciles based on PCA (including zip code income).
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Note: The left-hand side �gures present between- and within-pair variance among same-sex and opposite-sex twins in grades 3
to 5 mathematics (top) and reading (bottom) FCAT test scores. The right-hand side �gures present identical results for grades
6 to 8. Socioeconomic status is measured based on index constructed using PCA where we include maternal years of education,
medicaid paid birth, parents married, father present, father absent and median zip code income of residence at the time of child
birth. For estimation details see Figure 3.
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Figure S23: Intraclass correlation for same-sex and opposite-sex twin and non-twin sibling pairs.

SES terciles based on PCA (including zip code income).
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Note: The left-hand side �gures present intraclass correlation coe�cients among same-sex and opposite-sex pairs of twins and
closely spaced siblings in grades 3 to 5 mathematics (top) and reading (bottom) FCAT test scores. The right-hand side �gures
present identical results for grades 6 to 8. Socioeconomic status is measured based on index constructed using PCA where we
include maternal years of education, medicaid paid birth, parents married, father present, father absent and median zip code
income of residence at the time of child birth. For estimation details see Figure 4.
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Figure S24: Between- and within-pair variance in Stanford achievement test for same-sex and

opposite sex twins. SES terciles based on PCA (including zip code income).
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Notes: The left-hand side �gures present between- and within-pair variance among same-sex and opposite-sex twins in grades 3
to 5 Stanford mathematics achievement test. The right-hand side �gures present identical results for reading test. Socioeconomic
status is measured based on index constructed using PCA where we include maternal years of education, medicaid paid birth,
parents married, father present, father absent and median zip code income of residence at the time of child birth. For estimation
details see Figure 3.

Figure S25: Intraclass correlations for same-sex and opposite-sex twin and non-twin sibling pairs

on Stanford achievement test. SES terciles based on PCA (including zip code income).
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Note: The left-hand side �gures present intraclass correlation coe�cients among same-sex and opposite-sex pairs of twins and
closely spaced siblings in grades 3 to 5 Stanford achievement test. The right-hand side �gures present identical results for
reading test. Socioeconomic status is measured based on index constructed using PCA where we include maternal years of
education, medicaid paid birth, parents married, father present, father absent and median zip code income of residence at the
time of child birth. For estimation details see Figure 4.
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