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Multifactorial Inheritance with Cultural Transmission and
Assortative Mating
III. Family Structure and the Analysis of Separation Experiments
C. ROBERT CLONINGER,1 JOHN RICE, AND THEODORE REICH

SUMMARY

Demographic data about family composition or structure in the United States
is reviewed. About 25% of white children and a majority of black children
are reared in either broken or extended families, and this must be taken into
consideration for valid studies of cultural inheritance. Atypical family
structures are described including those in which parents include: biological
parents, stepparents, grandparents, uncles, aunts, sibs, foster parents, and
their spouses. General formulae for a wide variety of kinship correlations are
derived using path analysis. The multifactorial model presented allows for
cultural inheritance, polygenic inheritance, correlated sibling environments,
and phenotypic assortative mating (as previously described for intact
families) plus extensions necessary for the analysis of separation experiments. These extensions allow for variable family structure and differences
in parental influence due to separation, age or stage of development of the
child, birth order, or type of relationship. Family structure is observed to
have a marked effect on familial resemblance. Computer simulation studies
demonstrate marked heterogeneity among phenotypic correlations for kinships of the same degree of genetic relationship arising in different family
structures. Analyses of multiple types of sibs and other relatives in variable
family structures offer great promise for the study of cultural inheritance.

INTRODUCTION

For a valid study of cultural inheritance, the social living arrangements of children and
their family members must be specified as carefully as their genetic relationships.
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Unfortunately, in prior work, children were usually assumed to have been either reared
in intact nuclear homes or separated at an early age and placed randomly in an intact
adoptive home. Even casual reading of the case histories of developing children, such
as those available about separated monozygous (MZ) twins [1, 2, 3], reveals that such
assumptions are usually grossly unrealistic and certainly inadequate for any careful
study of both genetic and cultural influences. Families are frequently broken by divorce
or death, and "remote" relatives, such as grandparents and aunts, often live together
(or nearby) with parents and children and play an important role in the supervision of
children. Accordingly, it is critical that the structure and living arrangements of the
family be described, specifying not only the overall environmental conditions of the
home, but also who participates in rearing the child at various developmental stages.
Except for unquantified case histories, such specification has been lacking in all prior
work. This failure is probably explained by the absence of a general quantitative model
suitable for analyzing such complex data, and the failure of quantitative geneticists,
developmental psychologists, sociologists, and demographers to integrate their specialized knowledge about the family. It is important to correct this failure for at least
three reasons: (1) variation in family structure alters familial resemblance, and if
neglected, leads to confusing results and spurious conclusions; (2) variable family
structure offers a valuable opportunity to study major variation in socio-cultural
influences; and (3) such observations can be made in the general population rather than
in special rare groups such as twins and adoptees. Accordingly, in this paper we shall
first review relevant sociologic and demographic data about family structure in the
United States based on extensive national census data. Then we will describe the
extensions of the multifactorial model which are needed to quantify and analyze
familial transmission in the case of separation experiences and variable family
structure.

Demographic Data About Family Structure
The living arrangements of children in the United States are summarized in table 1
according to the age and race of the child and the marital status of the parents. The data
are based on a 5% sample of the total population carried out for the 1970 decennial
census [4]. In census data "parents" include natural parents, stepparents, and legal
adoptive parents, but not unrelated individuals such as foster parents or guardians. The
data show that children under age 18 were being reared by two "parents" in a majority
of cases (89% to 57%), but these parents were both natural parents in their first
marriage for only about three of four white children and less than half of black
children. A substantial number of children (10% to 33%) were being reared by only
one parent, usually the mother. Preschool children were more likely to be living with a
never married parent, usually the mother but sometimes the father. About 2% of white
children and 9% of black children were reared with both parents absent in 1970. These
findings show that in 1970, a majority of black children and about one-fourth of white
children were not living in an intact nuclear home.
Even this simplifies the experience of the children because there is much evidence of
longitudinal instability in family structure. Table 2 summarizes the marital histories of
women age 37 to 41 in 1971 and illustrates the high rates of marriage, divorce, and
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TABLE 1
LIVING ARRANGEMENTS OF CHILDREN UNDER AGE 18, BY AGE AND RACE OF CHILD AND MARITAL
STATUS OF PARENTS
BLACK

WHITE
LIVING ARRANGEMENT
WITH PARENTS*

Living with both parents .......
each in first marriage
.......
both previously divorced ....
one previously divorced .....
other (widowed only) .......
Living with mother only .......
never married ........ .....
separated or divorced .......
widowed .................
other ....................
Living with father only 1........
never married ........ .....
separated or divorced .......
widowed .................
other ....................
Living with neither parent .....
in own extended family .....
in unrelated familyt
........
not in familyt ........ .....

Age O-5
Age 6-17
Age 0-5
(No.=17,671,353) (No.=41,453,251) (No.=2,949,375)
9
%
%

89.2
75.8
3.2
9.2
1.0
7.5
0.7
4.6
0.9
1.3
.3
0.1
0.4
0.2
0.6
1.9
1.2
0.5
0.2

86.4
71.2
4.2
9.2
1.8
9.6
0.2
5.4
2.5
1.5
1.9
0.1
0.6
0.5
0.7
2.8
1.6
0.6
0.6

57.9
48.1
1.7
6.9
2.2
30.3
10.5
15.0
2.3
2.5
2.5
0.7
0.5
0.3
1.0
9.3
7.8
1.1
0.4

Age 6-17
(No.=6,513,733)
%

57.3
43.2
2.9
8.8
2.4
30.1
4.0
18.7
5.7
1.7
3.2
0.3
1.0
0.9
1.0
9.5
7.1
1.0
1.3

NOTE.-Source: 1970 Census of Population, Vol. l-4B, Persons by Family Characteristics, tables I and 8. The data
are based on a 5% sample. No. children in parentheses.
* "Parents" in census data include biological parents, step-parents, and legal adoptive parents.
t Unrelated household members include foster children, wards, and other long-term lodgers.
t Children not reared in a family include those in group quarters such as orphanges and other institutions.

remarriage which leads to much variation in parents-of-rearing for many children.
Thus, 15% to 24% of first marriages ended in divorce, and 13% to 17% of women had
been married two or more times. Only 5% to 11% of women were currently divorced,
so most divorces are soon followed by a remarriage. Other data analyzed by Carter and
Glick indicate that in 1973, the median duration of marriage prior to final separation
and divorce was 5 years ([5], p. 431). This indicates the need for models of familial
transmission which allow for the presence and absence of multiple parents and
stepparents during different stages of development.
Extensions of the nuclear family to include relatives besides parents and children
also frequently lead to variation in family structure. Table 3 shows the relationship of
the head of the household to the children in the home. In two-parent (husband-wife)
families, one of the parents is nearly always the head, but in other families,
grandparents or other relatives are household heads in a substantial minority of homes.
In black families in particular, a grandparent, usually the grandmother, is the
household head.
In other cases, additional family members are present but are not household heads.
For example, "maiden aunts" account for about 1% of all women and participate in
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TABLE 2
MARITAL HISTORY MEASURES FOR WOMEN BORN BETWEEN 1930 AND 1941
UNITED

STATES, JUNE 1971

Measure

No. times married (%) ...........
..............................
Never married ..............................................
Married once ................
...............................
Married twice ...............
...............................
Married 3+ times ............
...............................
% ever manmed ................
...............................
% currently divorced ............
...............................
% first marriage ending in divorce ........
........................
% known to have been divorced .........
.........................
Median age at first marriage ..........
...........................
Median age at divorce after first marriage .......
...................
Median age at remarriage after first marriage ended in divorce .....
....
Median age at redivorce after second marriage ......
................

White

Black

100.0
3.8
82.7
11.8
1.7
96.2
4.8
15.3
15.4
20.2
27.6
29.8
38.3

100.0
8.4
74.5
15.0
1.9
91.6
11.2
24.1
24.3
20.4
28.3
30.1
37.5

NoTE.-Adapted from U.S. Bureau of the Census, Current Population Reports, Series P-20, No. 239, "Marriage, Divorce, and Remarriage by Year of Birth: June 1971," tables A, C, D, E, R, G, and 1.

domestic work, babysitting, and nursing care ([5], p. 307). In addition, white families
with three generations living together (grandparents, parents, and children) constituted
4.4% of husband-wife families and 8.9% of other families ([5], p. 159).
Such extensions of the family involving the mother's family are more frequent and
longer lasting than those involving the father's family. Thus, 53% of white men living
with their wife's parents had done so for 5 years or longer in 1960, compared to 39% of
those living with their own parents ([5] p. 154). It is important to take such differences
into account because, unless cultural inheritance is negligible, this phenomenon will
lead to greater resemblance with all maternal relatives than with paternal relatives.
Furthermore, direct maternal effects may be confused with the greater transgenerational influence of all maternal relatives.
Types of Family Structure
The demographic data reviewed indicate that households in which children are
reared manifest marked variation in composition, but the vast majority of families may
be described as restricted cases of seven basic paradigms of family structure. These
paradigms are distinguished by who rears the children, that is, who influences the
milieu and social climate of the household and serves as a model for social learning. In
the given structures which occur frequently enough to be useful for studying cultural
inheritance, the parents of rearing are specifically: I. biological parents only, II.
biological parents and stepparents, III. biological parents and grandparents, IV.
biological parents, uncles, and aunts, V. biological parents and older sibs, VI.
biological parents and unrelated foster parents, and VII. MZ twins and their spouses.
Intact nuclear families have been considered in detail elsewhere [6, 7], and the
aforementioned non-nuclear family structures (II-VII) will be considered here. Such
variation in family structure includes both absences of biological parents ("broken
homes") and the presence of parent figures who are not biological parents ("extended
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families"). Such broken and extended families may arise due to death, divorce,
choice, or other social circumstances, and only the consequences of such variation in
structure will be considered here.
The general approach needed is described and illustrated in detail for paradigms I
and II. Path diagrams and overall results are given here for the other paradigms. Details
of general formulae for all paradigms are available upon request from ASIS/NAPS, c/o
Microfiche Publications, 305 East 46th Street, New York, NY 10017.
Comparison of Intact, Broken, and Extended Families
All the notation previously described for intact families is retained here without
change [6, 7]. In order for the parameters and path coefficients to have the same
meaning and values in different family structures, differences in the magnitude of
variance components in different family structures must be taken into account.
Prior work has shown that, in intact families, the total phenotypic variance (Vp) of
any individual may be partitioned
V, =h +b2 +e2 + 2whb= ,
(1)
where w

=

'/2(,3M + 13b) (w + rAB)

(2)

This expression, equation (I), assumes that the phenotypic variance in intact families is
standardized to be one. Accordingly, in estimating paths from observations on
individuals having different phenotypic variances, the value of the variance in intact
families is taken as a relative standard equal to one. Variation in the composition of the
household of rearing is not associated with changes in the genic variance (VA), but it
will be shown to be associated with changes in cultural variance (VB) and phenotypic
variance (Vp). The ratio of the phenotypic standard deviation in intact families (crp) to
that of individuals reared in broken or extended homes (oEp) is symbolized as theta, so
that 0 = o-,lo-p,,. The corresponding ratio of the standard deviation of transmissible
cultural values is symbolized as psi, so that 4i = UBIlxo. Expressions for 0 and qp in
terms of the other primary parameters of the general model may be derived as shown
later. Accordingly, this complication does not increase the number of parameters in the
model. In fact, observed values of 0 are often available and provide additional data for
hypothesis testing.
In intact families it was assumed that parents exert their influence throughout
development. In non-nuclear families we allow for the possibility that other parentsof-rearing may not have the same degree of non-genetic influence as a biological parent
who is also parent-of-rearing (e.g., the ,3 of stepfather and of biological fathers may not
be equal [8]). Just as we previously distinguished between mother's beta (f3M) and
father's beta (f]b) in intact families, other subscripts denote other parents-of-rearing
who may differ in the extent of their influence, even when present in the home
throughout the same developmental period. In addition, individuals may be absent at
different times in a child's development, and such variation may be described and
quantified in order to evaluate differences in parental influence at various critical stages
of development. The total period of rearing may be subdivided into discrete blocks of
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time. The number of development intervals considered may be specified as n and beta
may be partitioned as
.,

A = (Kij3,

K213i2

+

+

+

Kil43,li) =

E

KkS3ik

(3)

kI=

where Pik are the standardized partial regression coefficients (paths) for the
designated developmental periods, (k = 1 to n) and Kik are constants assigned the
value 0 if the specified parent is absent, and the value 1 if regularly present. It is
assumed here that the influence of discrete developmental periods is additive, but the
methodology may be extended to allow for non-linear or non-recursive interaction if
needed, as shown elsewhere [9].
Finally, in intact families we assumed that there was a constant phenotypic
correlation between mates. However, the phenotypic correlation between mates may
differ in stable and unstable marriages for some behavioral traits [10]. Since unstable
marriages are closely associated with non-nuclear family structure, we allow the
correlation between some pairs of mates to differ in magnitude. As a result, the
variances in successive generations are not at equilibrium in some cases.
It is assumed here that the family structure of an individual is independent of that of
his vertical relatives. Wherever it is not specified otherwise, an individual is assumed
to have been reared in an intact family. We also assume that the mean genetic and
cultural values (and, therefore, also phenotypic values) are the same, regardless of
family structure. Thus, in order to be comparable, all observations must be based on
random samples from the same or equivalent population(s).

Paradigm I: Children Reared by Biological Parents Only
Standardization of variance components. Children reared by biological parents only
include as special cases those in intact homes and those in homes broken by death or,
more frequently, divorce. The general path diagram for paradigm I is depicted in figure
1. From path analysis the expressions for complete determination of offsprings'
cultural values (BO , Bo') and phenotypes (P0 , Po') are respectively:
(f32 + fj2 + 2/iPj rBB + f 2)q2 = I ,
(4)

(h2 + b2q-2 + e2 + 2vhb q-1)02 =1

(5)

where
v =

and, since f3i #

f3i' and

j$

1/2(f

+ A3) (w + rAB)J

(6)

,

fj' at times,

(1312 +

3j'2 +

2f3'Pj' rBB +f2)q

= I,

(h2 + b2qj-2 + e2 + 2v'hb q4j-1)02 - 1

(4.1)
(5.1)

where
vI = 1/2(,8' + fj') (w + r {XB)+41'

(6.1)

(

FAMILY STRUCTURE AND SEPARATION EXPERIMENTS

373

FIG. 1. -Paradigm I: children reared by biological parents only

Therefore, by rearrangement, in paradigm I:

q1 = 1I(i32 + f3j2 + 2P43rB +f2),

(4.2)

and
(5.2)
0, = l/(h2 + b2iji-2 + e2 + 2vhb qlj-1)i
In general, if children are reared only by biological parents, we expect v < w and 0 1, since genic-cultural covariance and phenotypic variance will be the same as that
expected in intact families or will be decreased.
Familial resemblance. If children are reared by biological parents only, then from
figure 1 we obtain the following correlations between relatives:
parent and offspring
pi. =

{'/2(I+m)F + (fpi + m,38j)34}0

(7)

where F =h2 + whb andd (I '-b2 + whb;

midparent and offspring

PPO = {F + (Pi + f3j)4}801
(1 +m) \/ 1/2(1l+m) = V\ (I +m)12 ; and

(7.1)

where 8 =
full siblings (singleton or twins)

poo'

=

{'/2h2(l+rAA) + (fMji3 + f/3 +
+

1/2(fSi + /3j

+

/j3

+

1Aj

rBB +

1i3,'j rBB)b2

(j') (w + rAB)hb + ce }10as'

where rAA = my2 = m(h + wb)2
rBB = mI 2 = m (b + wh)2
and rAB = my4 = m(h + wb) (b + wh)

(8)
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The effect of common environment may differ in singleton sibs and dizygous (DZ)
Cz).
twins (c. c,
Formulae for more remote relatives may be written by substituting the appropriate
expression K, for h and A,, for b in equations (7-8), as previously described elsewhere [7].
Common special cases. The two most common special cases of paradigm I are intact
families and families in which only one biological parent rears the children. In intact
families, 0 and qj are 1 by definition, and the genic-cultural correlation in offspring is
the same as in parents (v = w). Accordingly, substituting 0 = i = 1, v = w, f3i = P8M,
and f3i = f3~, the preceding expressions and path diagram are consistent with those
given elsewhere for intact families [7].
Another important special case occurs when only one biological parent, usually the
mother, rears the children. These "mother only" families are specified by letting ,fi =
O3M and fA = Ki = 0.
In the case of sibs, singletons and twins may differ in the extent to which
non-transmissible environments are correlated (c 7 cdZ). Also, in broken homes, sibs
may be reared together or apart, each by a different parent. It is most common that both
parents are present some of the time during development (in which case equations 4-8
may be applied) or that the one parent (if ever married) remarries or has children by
another mate. In the latter case, paradigm II may be applied.
Paradigm H: Children Reared by Biological Parents and Stepparents
Standardization of variance components. As previously discussed, divorce and
sequential monogamy are particularly prevalent today so that children are frequently
reared by stepparents. Sibships include full sibs, half-sibs, and step-sibs reared
together and apart, so that this type of family structure is remarkably informative for
studying both genetic and cultural inheritance. The path diagram depicting this
structure is shown in figure 2. Taking P0) as the proband, the diagram includes
biological parents (Pi and Pj), maternal and paternal stepparents (Pk. and P,,), mate of
stepparent (PI), full sib (PO'), half-sib (Pq), and step-sib (Pr). Common environmental
effects and residuals are omitted in the diagram for clarity. Potential parents-of-rearing

FIG. 2. -Paradigm II: children reared by both parents and stepparents (sequential monogamy). Common
environmental effects and residuals are omitted here for clarity.
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considered here are biological parents, stepparents, and the stepparent's mate, but in
any particular special case, only some paths may actually be present.
From figure 2 we observe that in the general case with five potential parents-ofrearing

-2=
pi + fj2 + 8sn2 + 812 + f8sk2 +f2
+ 242,f3(m1,fj + mlm2f3Sk + m1m2m3,881 + m438sn)
+ 242f3j(m2f8,k + m2m3381s + mim48@s)
+

2(k2tPsk(m3f3S,

+

242,831(m1m2m3m4f3g)} i

+

m1m2m438.)
*

(9)

In the case of sequential monogamy with five potential parents-of-rearing, the cultural
variance involves five direct effects independent of assortative mating,
and

(5) = 10

interactions involving the correlations between mates. Similarly with three and two
parents, as in the case of Pq (t42 and 62) and Pr(qi3 and 03), the expressions are,
respectively,
=
,_2 {f3H'2
+ P3k"2

+ 242m2P3j"flk + AS/l _+ f
24o2m2M3P8j"8f351 + 2P2m3Ik"133}l i
(10)
( 1)
-J3 _1I-3
+ f3k +f + 2m3f3kl3} i
where, as always,f2 =1 - (13M2 + f392 + 2,M,1F rBB),
11-1= {h2 + b201-2 + e2 + 2vlhb q}A1-1
(12)
wherevl = tl{l/2(i + ,Bj) (w + m1ly) + /2Ay4(l+ml) [/nm4 + 135km2 + f8lm2m3]}
011-2 = {h2 + b2t22 + e2 + 2v2hb a2}-11-t
(13)
where V2 = 412{'/20i3j + 13k") (W + m24y) + 1/2f31"y4m3(l + m2)}
+

and
where V3

=

OH-3 = {h2 + b21p3-2 + e2 + 2v3hb qi3-1}1/2Ak + /3,) (W + m3YO)q3 .

(14)

Due to variation in rearing experiences involving stepparents, often 0 > 1 (due to
associated separations), f3s < 3i (due to impaired stepparent/child relationships [8]), v
<w, and+,> 1.

Familial resemblance. If children are the product of sequential monogamy, a wide
variety of rearing experiences are possible. From figure 2 we obtain the following
expected correlations between family members:
biological mother(father)/offspring
pio = {1/2r( +m 1) + (p3i + m 13j + m4,35n + m 1m238k + m 1m2m3sl)I)}1 , (1 5)
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or

p3o

=

{N/2F(1+ml) + (P3i + mlIA + M2AISk + mlm41f31

+

m2m3f3)04}10

(16)

stepparents
Pko =

{1/2F(l +m)m2 + (Isk + m2(3j

+

m3(8.0 + mlm2f3i + m2mlm4f8sn)4}1

*

(17)

Clearly, this correlation depends most strongly on the extent of assortative mating and
on direct cultural influences. It is important to note that information is often available
about both stepparents who rear a child and stepparents who have never lived with a
particular child (e.g., an absent spouse from an earlier or later marriage). Accordingly,
comparisons of biological parents and stepparents may be informative in estimating
both genic and cultural factors.
unrelated mates of stepparents
Plo

=

{½ I( +m1)m2m3 + (f34 + m3I3sk + m2m3jf3
+

mmIM32M31i + mlm2m3m4Pf3n)4?}61

(18)

These remote affinate relatives are sometimes confused with stepparents. This error
would lead to an overestimate of genic influences, so it is important to classify such
individuals properly.
Full sibs (singleton or twin)
Full sibs may be reared together or apart under a variety of different circumstances.
In the case of sequential monogamy specifically, when each sib is reared by a total of n
parents at different ages, sibling resemblance due to cultural influences involves n
direct effects independent of assortative mating (as the five terms in b2 in equation 19
which follows), and, in the presence of assortative mating, n(n-1) interactions
involving the correlations between mates (as the 20 terms in 42 in equation 19). In such
cases matrix notation is helpful for computation, and we will demonstrate this here for
the full sib correlation.
As indicated in figure 2, there are seven common causes for sibling resemblance: B0,
A2, B1, A j, Bj, Bk, and B1. Letting MI and M2 be the column vectors of path coefficients
from these causes to each sibling, respectively, and letting N be the correlation matrix
for the seven causes, we have
roo = MTN M2 + cS e20161 ,

(19)

where

3.snb

Amb

½/2h

1/2h

f3j'b

31b
1/2h
f31b

13.%k'b

Psk b

8,,l'b

l3.tb

f/3b

M1 = 1'

½/2h

M1T is the transpose of MI, and

M2= 01'

FAMILY STRUCTURE AND SEPARATION EXPERIMENTS

ym44

I
w

m>''

ymIm44
Mrny2
M4
(A2

m1r44m2
mIy4
m m2m24b m2 m 2yO

w

mly2

1

may'k

mryO
rnn102
42

mIm2yck
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mIY4 m mM2yO m mIm2My3O
ml+''
m1m2'b2 mim.,m:X'k
w
M2y4
mr:13YO
I

w
m2a2
m2rM3k2
ymOn'
M1m02 Mn1m2rn4'2
rnM
JMn3m0e2]
I
m2>+2
m2My2b
m3'b2
1

M1M2M3m4k2 mIm2M3yO MrnM2m3-2 M2M3Myb

m2m31b2 M:a'2

I

A variety of different circumstances may be described by the appropriate specification
of f8 and c in equation (19).

Half-sibs
PHS -Poq

=

3slx/l")b
'F2[f3,iM1(J3j" + m213k + M2m30.fl") + 1M2(1k" + M30.,")
f + m30sl") + 3slMr3(M213j + Pk")
+ f3sk(M20j
+ f8in1M4(A33" + M2f3k" + M2Mi:3,51")] + ½(/3j + /3P" + ,f35k)whb

{'/4h2[1 + (mI + M2 + m1M2)y2] + (f3,f3" + Ok"fsk +
+

1/21iM2(f3 + m1f3,) + M2fSk + m213k(l + mI)
+m
inf," + M3(1 + m2)018. + (1 + mi1)iM2M3ins131]FB

+

ci,,e2}0102

(20)
Half-sibs are informative because they are second-degree relatives genetically and are
reared in a variety of different home arrangements much like full sibs. In the case of
serial monogamy, with P0 having five potential parents and Pq having three potential
parents, the resemblance between half-sibs due to cultural influences involves three
direct effects of the cultural influence of the (three) biological parents of the half-sibs
(independent of assortative mating) and 12 potential interactions involving the
correlations between mates. Four arrangements are especially frequent: (a) half-sibs
each reared by both biological parents of one (this arrangement is usual for maternal
half-sibs. It may be described by specifying in equation (20) that mi3 = M4= .Pl = PTh1"
= P,,s = phi = 0); (b) half-sibs reared by their common parent only (in this case the
only paths between the cultural values of parent and offspring involve f3j and /,j" and min
= M4 = 0); (c) half-sibs reared apart, one by both biological parents, and the other by
a different (uncommon) parent and stepparent (in this case only fj", /3k", fi, P.s are
non-zero); and (d) half-sibs each reared apart by a different (uncommon) biological
parent and (different) stepparents (this case is represented in figure 2 when Pi and P,,
rear PO, while Pk and P, rear Pq. then, the free paths between the Bs are i, , PLs, 1k"
and ,P1").
+

Step-sibs
The correlation between step-sibs depends strongly on assortative mating and
cultural inheritance. Also, information about correlated environments may be obtained, particularly since both step-sibs reared together and step-sibs reared apart (in
earlier or later marriages) are frequent. In general, the correlation between step-sibs
(Pss) in figure 2 is expected to be:
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=

Por=

{m21/4F2(l + ml) (1 + M:,) + (I)(J3j + mlli + miM431,1) (1k
+m.42(,t38,I3k + f3kf3.SI) + l/2r1[m2(1 + Mi)(13k + M3,31)
+ m2(1 + mr:) (A33 + M143) + [38fl (1 + M:I)m4MlM2]
+ 1/2(f3Sk + 3Ps) (W + M34Py)hb + c88e2}1003

+

m:31,)]

(21)

Comparisons of the resemblance between classes of sibs varying in degree of genetic
relationship has been advocated as a means of evaluating the relative importance of
genetic and environmental factors [11- 14]. Estimates of heritability and response to
selection under strictly controlled circumstances in animals are usually best determined
using half-sibs [15], but in humans half-sibs have often appeared to be anomalously
similar relative to full sibs [12, 14]. This apparent anomaly in humans is explained by
taking family structure, assortative mating, and cultural inheritance into account. It
should be noted that half-sibs rapidly approach full sibs in extent of resemblance as m
increases, and/or as f3 and b increase, and/or as c and e increase. This will be illustrated
later in computer simulations comparing full-, half-, and step-sibs in different family
structures.
Paradigms III and IV: Children Reared by Biological Parents and Second-degree
Relatives
Children are often reared in homes which include remote vertical and collateral
relatives. Such "extended" families most often involve the participation of grandparents, uncles, or aunts in the rearing of children, as previously discussed, and arise
via family or ethnic traditions, death of one or both biological parents, divorce,
or economic advantage. Some especially informative cases involve intrafamilial
adoption.
The non-genetic influence of remote relatives has always been neglected in prior
work, and this may lead to spurious parameter estimates. For example, maternal
relatives are more often involved in such extensions of the family than paternal
relatives, and if this is ignored, "maternal effects" would be falsely attributed to the
influence of the mother [cf. 16, 17].
In figure 3 the path diagram depicts families in which children are reared by both
parents and grandparents (paradigm III). It should be noted that genic-cultural

FIG. 3. -Paradigm Ill: children reared by both parents and grandparents
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covariance, cultural variance, and phenotypic variance are often increased in extended
family structures compared to isolated nuclear families; that is, if the nuclear family is
intact, and remote relatives assist in rearing the children, then v > w, iI < 1, and 0 <
1. The phenotypic variances are observable and so provide further information for
hypothesis testing.
The differences between first- and second-degree relatives are relatively small for
many parameter values in these extended family situations. Further, and most
importantly, genetic factors would be systematically overestimated (even using
multiple kinship correlations) if the influence of remote relatives were neglected. This
is illustrated in computer simulations later. Other details and general formulae for
paradigms III and IV are available from ASIS/NAPS.
Paradigm V: Children Reared by Biological Parents, Older Sib, and Spouse
Older sibs often play an important role in rearing their younger sibs, especially if a
home is broken by death of one or both parents, or by separation without remarriage. In
our prior model of intact families, the phenotypic resemblance of sibs includes a
contribution from correlated non-transmissible environment (ce2), but no contribution
from social learning directly from one sib to another. Furthermore, birth order effects
were not described in prior work. We have also assumed that the value of /3 is
independent of birth order. Here these restrictions will be relaxed by allowing for paths
from some sibs cultural value to other sibs cultural value. To the extent that all sibs
influence one another directly, ce2 will be inflated, but differences in influence related
to age and birth order can be quantified. Birth order effects of two types may be
represented: those due to differential parental influence (quantified by letting /3 vary
with birth order); and those due to differential sibling influence (quantified by allowing
for ,8 between some sibs' Bs. This is depicted in figure 4. The relationships shown
include the child (P), both biological parents (Pi and Pj), the older sib (Pq), the sib's
spouse (Pr), and the sib's child (Pa). General formulae for paradigm V are available
from ASIS/NAPS. Other non-recursive interactions between sibs are described
elsewhere [9].

FIG. 4. -Paradigm V: children reared by parents, older sib, and spouse
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Paradigm VI: Children Reared by Foster or Adoptive Parents
(VI-A)
Description and standardization. Adoption and foster placement of children are
rather rare (about 1% of children) but constitute particularly informative natural
experiments in etiological studies. They are especially informative when placement is
random with respect to the trait under study. However, adoptive parents are
predominantly middle-class, and placement is often non-random [1 8]. Accordingly,
here we allow for assortative placement by specifying the correlation between
adopting-away and adopting mid-parent's phenotype.
Two critical assumptions necessary for comparisons between groups and for
parameter estimation to be meaningful should be reemphasized: (1) all the groups being
compared must be random samples from the same specified general population; and (2)
adoptive placement may be assortative but without selection. Differences in the
variance of phenotypic values are expected to arise, as will be seen, but mean values
are assumed to be the same. These assumptions should be tested by comparing the
observed and expected distributions of phenotypic values.
The treatment of assortative adoptive placement is analogous to that of direct
phenotypic assortative mating. The correlation between mid-parent phenotypes of
adopting-away and adopting homes is represented as due to a single path r,. This
implies that the reversed path coefficient between mid-parent phenotypes are equal,
and, if the extent of assortment is constant, the correlation between the mid-parent
values of two families each giving children up for adoption into the same home is the
same as that between two different families adopting different childrenfrom the same
home (both r.,2). These assumptions appear reasonable but should be tested empirically.
Since r, is usually small, deviations from the assumptions made here are likely to be
negligible.
In figure 5 the relationships between members of families giving up and rearing
adoptive children are shown. The individual phenotypes include a natural child (Pk) of
parents adopting two other children from different families (Pj and PI), and full sibs

FIG. 5. -Paradigm VI: children reared by foster or adoptive parents
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reared in different foster families (Pi and Pj). Residuals not contributing to phenotypic
resemblance and contributions from cse2 are omitted from the diagram. If adoption is
early (viz., if 1i, Pd,
f3d',APd, 3, and Ah are small), and placement is random (r, =
0), the genic-cultural correlation v in adoptees is negligible, and the phenotypic
variance in adopted children is reduced (0 < 1). Thus reduced Vp in adoptees is not
necessarily evidence of truncate selection, as Rao and Morton [13] have noted, but
changes in mean values are evidence of selection. If neglected, the reduced phenotypic
variances lead to increased correlations among adoptees and to overestimates of
covariance. General formulae are available on request from ASIS/NAPS.

Paradigm VII: Children Reared by MZ Twins and Their Spouses
The descendents of MZ twins and their different spouses offer an unusual
opportunity to evaluate the causes of phenotypic resemblance, because MZ twins are
genetically identical but non-genetically are most comparable to full sibs, especially
DZ twins. Thus the children of MZ twins by different spouses are genetically half-sibs
and non-genetically are most comparable to first-cousins. Nance and Corey [16, 17]
have advocated analysis of such data using a nested analysis of variance to estimate
various genetic components and special environmental components specific to halfsibs, full-sibs, and children of female twins, but make no allowance for cultural
transmission between generations or for gene-environment correlations. They indicate
allowance for assortative mating, but their partitioning of genetic variance components
is only valid if marital correlations are due entirely to environmental effects. Indeed
phenotypic assortative mating may induce complex second-order interactions [ 19-21 ],
and no adequate theoretical treatment of these phenomena is available. Accordingly,
we restrict our treatment of these genetic effects to those that are additive.
More recently, Nance has suggested a path model which allows for cultural
inheritance and phenotypic assortment [22]. This is an improvement, but this later
model and related formulae are, unfortunately, also invalid as a result of violating the
fundamental principle that a standardized variance is unity by definition, not greater
than one as in the case of genic values under assortative mating in his model.
In figure 6 the path diagram depicts the causes of resemblance among relatives of
MZ twins. The relationships include the MZ twins themselves (PC and Pd), their
parents (P., and PI,), the child (Pf) and grandchild (Ph) of one twin (Pd), and the child
(Pk) and grandchild (Pm,) of the other twin (Pa). We assume intact homes since the
special advantage of the MZ child design is to study familial resemblance in a random
sample of intact homes. The expressions for parent-offspring and full sib pairs have
been previously given in paradigm I. Two relationships of interest are given here, and
other formulae are available from ASIS/NAPS.
(1) MZ twins reared together in intact homes:

Ped = {h 2 + b2[(,fj/3(, ' + /3,,(' + rBB(P(,P,,' + 3,,'Pb)]
+ 1/2(P(, + At,' + P/) + 3,b') (W + r11B)hb + c,,1,e2}, and (22)
(2) two children reared apart, one the child of a MZ twin and spouse, the other the
child of the co-twin and a different spouse:
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FIG. 6.-Paradigm VII: children reared by monozygous twins and their spouses

Pkf = 1/4{h2(1 + m2P) + [fBafa' + t3bf8b +
+

/2(f3a + pa

+ sub +

rBB(Jla18b

+ f3a1b)]A2cA2d

fub') (W + rAB) [A2cA2d + K2cK2d] + cmze2m2M2eM2i}

where

A2c = (I3c + mf3D)b + 112myhb,
A2d = (Pd + m(l3e()b + ½12myhb,
K2C = 1/2(1 + mF)h + P8imkhb,
K2d = 1/2(1 + mF)h + fem~hbb,
M2e

=

1/2F + (3es(
1/2F +Pi().

(23)
and
M2i =
Comparison of equations (23) and (20) indicate that under assortative mating, children
of MZ twins are less similar than other half-sibs both genetically (by a factor 1/4h2(2m
+ m2 -m2h2)y2) and, as more obviously expected, non-genetically.

Computer Simulation ofSibling Resemblance
In order to evaluate the utility of studies of multiple types of sibs in evaluating the
causes of familial resemblance, we carried out a series of analyses of sibling
resemblance for a wide range of kinships and parameter values. Two such comparisons
are graphically depicted in figures 7 and 8 for 10 types of sibs. For simplicity, only the
case of c = 0 and f3 = ½/2 is presented here, but the pattern of results in more
complicated situations is similar. Fixing the total transmissible variance (t2) at 0.70,
the correlation between relatives is plotted against h2(= t2 - b2 - 2whb) with random
mating (fig. 7) or assortative mating (fig. 8). The relationships compared and the
formulae used in the FORTRAN program BETA, as previously described, were specialized for computation here as follows (formulae for full sibs (FST) and MZ twins reared
together (MZT) in intact homes, and for unrelated foster sibs (AAT) are given
elsewhere [7]):

FAMILY STRUCTURE AND SEPARATION EXPERIMENTS

0

LU

383

FST

0.32

Q08

0.12

0.36

0.24

h2

0.48

0.60

0.72

_

FIG. 7. -Phenotypic correlation for 10 types of sibs as function of relative proportion of cultural vs.
genetic determination under random mating. VT = 0.70, /3 = 1/2, m = c = 0. Sibs considered include
unrelated adoptees reared together (AAT); full sibs together in intact homes (FST) or by one parent
(FST-JP); half-sibs reared together by common parent (HST-CP), by both parents of one (HST-2B), by
common parent and 2 grandparents (HST-CP +2GP), or reared apart by a different parent and step-parent
(HSA -DP +SP); step-sibs reared together by both parents of one (SST-2B); MZ twins reared together in
intact homes (MZT); and children of MZ twins and mates in separate intact homes (OOA -MZT+M). See
equations (24-30) and text for full descriptions.

1. full sibs reared together by one parent only (FST-IP)

{1/2h2(l + r,.14) + 82b2 + /3(w + rl.RI)hb
012 = {1 -b2/32(l + 2rRB) - whb}-.
p

=

+

ce2}012

where
2. half-sibs reared together by their common parent (HST-CP)
p = {'4h2[l + (2m + m2)y2] + f32b2 + /3(w + r ,B)hb + ce2}022
where 02= 01
3. half-sibs reared together by both biological parents of one (HST-2B)
p = {1/4h2[1 + (2m + m2)y2] + 2132(1 + rB)b2 + 2.f3whb
+

1/2131A¢(4m

+

(24)

(25)

M2) ce2}60

where

03

=

(h2 + b2 + e2 + 2v3hb)-I

and
V3 =

1/2/3(W

+

ruB)

+

'/2YOM(I

+ m)

((26)
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FIG. 8. Phenotypic correlation for 10 types of sibs as function of relative proportion of cultural vs.
genetic determination under assortative mating. VT = 0.70, (3 = 1/2, m = 0.4, c = 0. Symbols and equations
used are the same as in figure 7.

4. step-sibs reared together by both parents of one (SST-2B)
p = {/4r2(1 + m)2m + 2(2(1 + rjI)b2 + whb
+ ½/2Fr(D1 + m)2M + ce2}04
where
04 = (h2 + b2 + e2 + 2v4hb)1
and

1/2yf43(l + m)2m
(27)
5. half-sibs reared together by their common parent and two grandparents (common
parent's parents) (HST - CP + 2GP)
p = {Ah2[l + (2m + m2)y2] + 3132b + 4,8:'(1 + rBB)b2 + 1Swhb
+ 18(w + r,11,)hb (1 + mf) + m1f'lD + ce2}052
V4

=

where
0 52 = (h2 + b2q5-2 + e2 + 2v5hb +5-1)-l
2 = 1 + 132 + 4 3 (1 + rBB)

*5
and

V5

=

W(I

+

1/2MF)lP5

-

(28)
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6. children of MZ twins and mates reared in separate intact homes (OOA MZT + M)
p {1/4h 2(1 + m2F2) +
+ rBB)A2
+ 2f3(w + rAB) (A2 + K2) + ce2M2(1/2r + /83)2}
where
A = (3(l + rD)b + '/2myhb, and K = 1/2(l + mrF)h + 8m3bhb
(29)
7. half-sibs reared apart by a different (uncommon) biological parent and stepparent
(HSA - DP + SP)
p = {1/4h2[ + (2m + m2),y2] + f32't2m (1 + mr)2 + 1½2whb
+ f3FcDm(I + m)}072
where
072 = (h2 + b2 + e2 + 2v7hb)-l
and

2/32(1

V7 = 1/23(w + r4B) + 1/2YO/M(l + m)
(30)
Figure 7 depicts these 10 sibling correlations for ,3 = 1/2 and c = m = 0 for varying
proportions of polygenic and cultural determination. For full sibs in intact homes
(FST), there is no change as h2 varies, as expected since /8 = 1/2 (pseudopolygenetic
model). Similarly, there is little change for half-sibs reared by one parent only. All sibs
reared together by two parents converge to the point denoted A (r = 0.35, h2 = 0, b2 =
0.7) regardless of genetic relationship. All sibs reared together by one parent only
converge to point C (r = 0.21, h2 = 0), and those reared apart converge to point F (r
= 0, h2 = 0). The offspring of MZ twins are culturally the same as first-cousins and
converge to point E (r = 0.09, h2 = 0). Half-sibs reared by their common parent and
grandparents have large familial cultural determination and the highest resemblance
observed when cultural inheritance is important. In fact, they are more similar than MZ
twins until h2 > .31. All full sibs converge to point B (r = 0.35, h2 = .70, b2 = 0)
regardless of family structure, half-sibs converge to pointD (r = 0.175, h2 = .70), and
unrelated individuals converge to point G (r = 0, h2 = 0.70). The intermediate
variation in sibling resemblance between classes of sibs is marked except for the two
cases noted, and is linearly related to h2, which equals t2 - b2 for random mating.
Similar analyses of resemblance of sibs were carried out for the case of non-random
mating (m = 0.40, see fig. 8). In the presence of genic-cultural correlation, the
variation in phenotypic correlation with h2 is no longer linear; the offspring of MZ
twins and half-sibs reared by both parents of one sib show the most marked
non-linearity, and this is detectable only in particular ranges (extreme values of h2 and
b2 for children of MZ, and intermediate values for half-sibs reared by both parents of
one). In addition, there is more heterogeneity among the classes over the entire range
of h2 and b2 values. Specifically, full sibs reared by one parent only were more alike
than half-sibs reared by one parent only even when h = 0. The children of MZ twins
were more like other half sibs than in random mating for low heritability, but are less
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similar for high heritability (rather than converging to the same point D as in random
mating). And, of course, with assortative mating, step-sibs and foster sibs are no
longer equivalent as they were in random mating.
Overall, the 10 classes of sibs evaluated showed marked variation in phenotypic
resemblance with different proportions of polygenic and cultural inheritance in
different family structures. The results underscore the importance of specifying family
structure and allowing for cultural inheritance and assortative mating. The marked
dependence of the phenotypic correlations on such readily observable phenomena
indicates clearly that the analyses of multiple classes of sibs offers great utility for the
study of cultural inheritance.
DISCUSSION

Family structure in the United States is highly heterogeneous, and, as the
observations presented here show, this variation has substantial effects on familial
resemblance in the presence of cultural inheritance. The pattern of particular effects of
specific family structures has already been discussed in relation to each paradigm, and
now the overall utility and significance of the model presented here will be considered.
The model is especially valuable because it allows for the influence of multiple
parents-of-rearing in both broken and extended families including: biological parents,
stepparents, adoptive or foster parents, and cognate relatives other than biological
parents. The model presents the framework needed to consider quantitatively the
differential influence of specific family members at specific critical periods of
development. The model allows for varying degrees of assortative mating, depending
on the stability of the marriage, and for non-random foster placement. In addition, as
with our prior treatment of intact families, we allow for specific maternal or paternal
effects and correlated home environments. In view of the complexities involved in such
effects, the analytic and heuristic value of the model must be considered.
Our initial motivation arose from our ongoing family studies of alcoholics and other
psychiatric patients who frequently have atypical family structure. Several investigators have made seemingly anomalous findings that half-sibs and other seconddegree relatives of alcoholics are more similar than expected from multifactorial
transmission assuming nuclear family structure. Unfortunately, prior methods were not
adequate to quantify and analyze the range of genetic and socio-cultural hypotheses we
wish to consider simultaneously, so we developed the model presented here.
The factors incorporated into the model account for the similarity in extent of
resemblance sometimes shown by full-sibs and half-sibs. It also offers alternative
explanations for some maternal effects and birth order effects.
Considering the possible range of family structures, it is encouraging that only seven
paradigms account for the vast majority of families observed. However, in its full
generality, the number of possible parameters needed to describe all the effects
described for social scientists studying families and child development is quite large. In
this regard, some may object that the model presented is oversimplified, and others
may object that it involves too many parameters to be estimated in actual practice. Our
own attitude is to specify the most parsimonious model possible to account for the data
observed while making the assumptions involved explicit. Unfortunately, in the past,
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models of cultural transmission have not described family structure realistically, and in
the absence of a realistic model, investigators have also failed to describe and quantify
critical observations and to realize, or at least to state explicitly, the assumptions about
family structure that were being made.
It is specious to attempt to study cultural transmission without a realistic description
of the functional unit of cultural inheritance (viz., the family). Clearly more experience
with simulated and actual data is needed to evaluate the operating characteristics of the
model of family structure and multifactorial inheritance presented here. We hope that
the availability of this methodology will foster more realistic thinking about cultural
inheritance. In addition, such comprehensive methods should encourage and help
scientists in diverse disciplines to collect and quantify the empirical data needed for
testing hypotheses about the mechanism of familial transmission.
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