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ABSTRACT

This study examines the direct effect of grandparents’ education on grandchildren’s
education and variations in the effect across different types of family structures for African
Americans and whites in the United States. In particular, | test the “Markovian” assumption in
intergenerational mobility theories, which argues that grandparents’ influences on grandchildren
are all mediated by parents. Relying on a counterfactual causal framework and multigenerational
data from the Panel Study of Income Dynamics, this study provides a causal interpretation for
the direct effect of grandparents on grandchildren. My results confirm a non-Markovian
mechanism—namely, a positive direct effect of grandparents—for both racial groups. On
average, grandparents’ education has a greater effect on grandchildren’s education in white
families than in African American families. However, such a comparison obscures substantial
heterogeneity associated with race and family structure: The grandparent effect is particularly
strong among African American families in which grandchildren grew up in two-parent
households, whereas it is largely homogeneous among different types of white families. The
results suggest that the decline in two-parent households has undermined multigenerational

transmission of educational status for African Americans, but has had little impact on whites.



INTRODUCTION

In recent years, social scientists in general—and sociologists in particular—have
expressed a growing interest in social mobility of families across three or more generations
(Mare 2011, 2014; Pfeffer 2014; Sharkey and Elwert 2011; Solon 2014; Wightman and Danziger
2014). An intriguing question that has perplexed multigenerational researchers is whether we
underestimate the legacy of family advantages or disadvantages if we focus only on two
generations of families. One simple and important way to answer this question is to investigate
whether grandparents’ social statuses directly contribute to the social success of their
grandchildren, independently of parents’ influences (Chan and Boliver 2013; Erola and Moisio
2007; Hertel and Groh-Samberg 2014; Jeeger 2012; Warren and Hauser 1997; Zeng and Xie
2014). Yet, few studies have situated this question in the context of the declining prevalence of
two-parent families in recent decades, which may have led to a diversity of grandparent effects
across different types of family structures.

This study examines (1) the direct effect of grandparents’ education on grandchildren’s
education and (2) heterogeneity in this direct effect associated with childhood family structures
experienced by both parent and grandchild generations for African American and white families
in the United States. Specifically, the “direct effect” refers to the effect of grandparents on
grandchildren that is not mediated by the parent generation. The term “heterogeneous
grandparent effect” was first proposed by Bengtson (1985) who cautioned sociological
researchers against stereotyping and overgeneralizing the grandparent role, for example, by race
and social groups. In particular, research on African American families described typical
grandparents as “rescuers” or “family stabilizers” who raise their grandchildren during family
crises (such as single motherhood, parental divorce, and poverty), in contrast to studies on white
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families that primarily focus on noncrisis contexts related to pleasant interaction and limited
exchanges of services among family members (Hunter and Taylor 1998). Strictly speaking, prior
results from these studies on grandparent effects of African Americans and whites are not
directly comparable as they focus on different subgroups of grandparents. This study provides a
fuller picture of heterogeneous grandparent effects within each racial group and in various
contexts of family structure.

In this study, | define two-parent families as those in which both parents were
continuously married during the offspring’s entire childhood. I consider all other types of family
structures as single-parent families in which one biological parent was often absent from the
household and the other was never married, widowed, divorced, separated or remarried. Previous
evidence has shown that by the early 2000s nearly one in two children lived in a single-parent
household at some time before they reached age 18 (Ellwood and Jencks 2004). The proportion
has been even higher among African American and less educated families (Bumpass and Lu
2000).

The growth in single-parent households has transformed American family life, leading to
unequal social mobility opportunities for children who experienced various types of family
structures (McLanahan 2004). Demographic studies show that children growing up in single-
parent families often receive less education than their two-parent counterparts and are more
likely to become single parents themselves and raise their children in ways similar to how they
were raised (McLanahan and Bumpass 1988; Seltzer 1994; Thornton 1991; Wolfinger 1999; Wu
and Martinson 1993). In particular, such a self-reinforcing trend has become a dominant family
form among African Americans and partly explains trends in perpetuation of poverty, lower

education, and higher unemployment over generations (Wilson 2002). Explanations for inferior



social outcomes of children who grow up with single parents include parental job insecurity and
economic deprivation, elevated family stress, absence of fathers or mothers as role models, and
social stigma of single-parent families (Brand and Thomas 2014; McLanahan 1985; Seltzer
1994).

In addition to the above two-generation perspective, the growth in single-parent
households also has implications for multigenerational inequality between families as well as
between racial groups. The formation of single-parent families may change not only parent-child
relationships within nuclear families but also children’s relationships with family members in
their extended families, especially with their grandparents. Some grandparents may drift apart
from their grandchildren after their own children’s divorce or nonmarital childbirth, whereas in
other cases grandparents become heavily involved in their grandchildren’s upbringing (Cherlin
and Furstenberg 1985, 1986). As a result, grandparents’ influences on their grandchildren may be
different between single-parent and two-parent families and may be further complicated by the
length of time that they share lifespan, stay in contact, and live in the same household.
Additionally, because the increase of single-parent families has been concentrated among African
Americans, the unequal grandparent effect between racial groups, if there is any, may result from
changing compositions of family structure within racial groups, rather than the changing
grandparent effect within each type of family structure by race.

Given the mixed results in prior literature regarding grandparents’ roles in
grandchildren’s social achievements, this study tests the “Markovian” assumption in
intergenerational social mobility theories—that is, grandparents do not directly influence their
grandchildren’s economic and educational attainment. Instead, the parent generation serves as

the intermediary: Grandparents influence only their own children, and they let the children



undertake the work of guiding and influencing the grandchildren. By quantifying grandparent
effects, this study revisits the Markovian assumption for African American and white families
respectively. Furthermore, this study examines heterogeneity in grandparent effects associated
with types of childhood family structure in both parent and grandchild generations. The analysis
adjudicates among several competing hypotheses—that is, whether the direct effect of
grandparent is the same, bigger, or smaller in two-parent than single-parent families for both
racial groups.

This study attempts to provide a causal interpretation for the grandparent effect on
grandchildren’s education in single-parent and two-parent families. Most previous studies on
intergenerational transmission of family structure and social status have been criticized for their
use of methods that fail to distinguish association from causation (McLanahan, Tach and
Schneider 2013). The present study specifies assumptions about relationships among observed
and unobserved factors that influence education across generations. These assumptions help
identify circumstances under which a link between characteristics of grandparents and
grandchildren is causal. The analysis adapts a newly developed statistical method—structural
nested models (Robins 1994, 1999; Robins and Hernan 2009)—to cope with potential
endogenous selection bias (Elwert and Winship forthcoming). The study further supplements the
analyses with a sensitivity analysis that shows the extent to which the causal argument is still
valid when some assumptions are violated.

Using data from the Panel Study of Income Dynamics, this study suggests that
grandparents’ education directly contributes to their grandchildren’s educational success. On
average, the grandparent effect is smaller for African American families than for whites.

However, such a comparison obscures substantial heterogeneity associated with race and family



structure: The grandparent effect is the strongest among African American families in which
grandchildren grow up with both their parents, but is largely homogeneous among white
families. Additionally, the grandparent effect does not depend on the childhood family structure
of parents for either racial group. These results suggest that the decline in two-parent households
has undermined multigenerational transmission of educational status for African Americans, but
has had a trivial impact on white families. Therefore, the demographic transition in family

structures has contributed to new forms of multigenerational inequality in American families.

UNDERSTANDING LINKS BETWEEN INTERGENERATIONAL EFFECT AND
INEQUALITY

Following the long tradition in intergenerational mobility studies that equates the
association between parents’ and grandparents’ social statuses with the “parent effect” on
offspring (Blau and Duncan 1967; Duncan 1966a, 1975), this study uses the term “grandparent
effect” to describe influences of grandparents’ education on their grandchildren’s education. The
use of “parent effect” in previous intergenerational mobility studies is often interchangeable with
concepts such as immobility, status inheritance, and intergenerational association or resemblance.
A strong effect means that offspring’s social status is largely determined by their family
background—children are likely to attain the same social status as their parents, and unlikely to
fall far below or outperform their parents. At the family level, a strong effect can be either a
blessing or a curse: Families in favorable social positions are capable of securing their status
advantages and controlling their progeny’s social destinies, whereas offspring from historically
disadvantaged families can rarely escape from their family history of hardship. At the societal

level, previous mobility studies characterized a society with a stronger parent effect as less open,



less mobile and offering fewer opportunities for families to rise from rags to riches (e.g., Blau
and Duncan 1967; Featherman and Hauser 1978; Jencks et al. 1972).

Although a stronger parent effect implies widening social inequality between families,
they are not identical. The overall inequality between families further depends on the interaction
between the parent effect and families’ demographic behaviors (Mare 1997; Mare and Maralani
2006). For example, Maralani (2013) shows that educational gaps between African American and
white families are partly explained by racial differences in timing and duration of marriage,
levels of fertility as well as the likelihood of experiencing single-parenthood and having
nonmarital birth, all of which determine proportions of offspring who receive a strong versus
weak parent effect in each racial group. Overall, differential demographic behaviors may
magnify or diminish the aggregate-level educational inequality of families. In particular,
educational inequality between families is greater if families with stronger parent effects also
have more offspring. Furthermore, if we consider mobility opportunities in a society as variable
rather than fixed, the overall educational inequality between families also depends on which
families benefit first from growing opportunities. Raftery and Hout (1993) illustrate that if the
expansion of higher education first benefits offspring from privileged family backgrounds, then a
smaller parent effect caused by more upward mobility implies more entrenched inequality, not
less.

This study extends the intergenerational perspective of “effect” to three generations by
assessing influences of grandparents’ education on grandchildren’s education. Following
intergenerational mobility studies that typically decomposed the effect of parents’ SES on
offspring’s SES into an indirect effect through intervening factors such as education, and a net

direct effect (e.g., Alwin and Hauser 1975; Duncan 1975; Featherman and Hauser 1976; Sewell,



Haller and Ohlendorf 1970), I assume that grandparents influence their grandchildren also
through both direct and indirect pathways. While it is impossible to outline all indirect influences
from grandparents to grandchildren, this study accounts for at least several important intervening
factors that involve the mediating role of parents’ education and childhood family structures of
parents and grandchildren.

The focus of this study, however, is not to assess indirect effects of grandparents’
education on grandchildren’s education that work through family structures of parents and
grandchildren, but how direct effects of grandparents on grandchildren vary across types of
family structures. Several recent studies have shown that family history in hardship, not only
family circumstances during the childhood of the present generation, has a legacy effect on
children’s later life outcomes (Sharkey and Elwert 2011; Wightman and Danziger 2014).
Building upon such a multigenerational view, this study further investigates to what extent
family history in single-parenthood versus two-parenthood in two consecutive generations
modifies multigenerational transmission of educational status from grandparents to
grandchildren. As discussed earlier, grandparents’ effects may vary across different types of
family structure because grandparents’ behaviors and relationships with grandchildren may
evolve with a family’s transition to a single-parent household. The heterogeneity in the direct
effect caused by the intervening factors—such as family structure examined in this study—nhelps
reveal important forms of social inequality between subgroups in a population (Brand and

Thomas 2013; Hout 1988: 1391; * Pearl 2001, 2012).

THE GRANDPARENT EFFECT AND THE MARKOVIAN ASSUMPTION
Sociological studies on intergenerational social mobility predominantly focus on parent-
offspring pairs. Mare (2011) points out that such an approach suffices to explain mobility in three
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or more generations if grandparents do not directly transmit socioeconomic status to their
grandchildren. Rather, the parent generation serves as the intermediary: Grandparents influence
their own children, and they let the children guide and rear their grandchildren. Such a mobility
pattern is also known as the “Markovian” assumption in mobility theories (Bartholomew 1982;
Boudon 1973; Duncan 1966b; Hodge 1966; Singer and Spilerman 1976). When this assumption
holds, family influences in three generations amount to total influences in every two consecutive
generations, without lagged influences from grandparents to grandchildren. Mare and Song
(2012) show that when grandparents matter for individuals’ social mobility, status boundaries
between families are more rigid than when social mobility is Markovian.

Several empirical studies have provided evidence for the Markovian assumption. For
example, using data from the Wisconsin Longitudinal Studies, two studies found that
grandparents play a trivial role in directly influencing their grandchildren’s educational outcomes
(Warren and Hauser 1997; Jeeger 2012). While some grandparents may be heavily involved in
taking care of their grandchildren or even serving as surrogate parents, the majority of
grandparents who do not reside with their grandchildren provide little aid in their grandchildren’s
upbringing (Fuller-Thomson, Minkler and Driver 1997; Hogan, Eggebeen and Clogg 1993;
Szinovacz 1998: 13). This is more common among African Americans than among whites,
because African American grandparents have more grandchildren and fewer resources.

Moreover, involvement of grandparents is not equivalent to “influence.” Cherlin and
Furstenberg (1986) showed that most grandparents accept the norm of “noninterference,” in the
sense that they consider a companionate relationship with their grandchildren, rather than a
parent-like one. Although frequency of contact between grandparents and grandchildren may be

a strong predictor of grandparent effects, Cherlin and Furstenberg (1986: 117-118) further



showed that frequency of contact is not associated with education and family income of
grandparents. Therefore, grandparents’ social status may play a neutral role in influencing the
social success of their grandchildren. Their influences in the intergenerational transmission of
social status within families either does not skip the parent generation, or their direct influences
are associated with certain aspects of their grandchildren’s lives, but not educational mobility.
On the other hand, findings from several recent studies have challenged the Markovian
assumption, suggesting that grandparents with favorable social characteristics can transmit their
advantages to their grandchildren, net of parents’ characteristics (Chan and Boliver 2013; Hertel
and Groh-Samberg 2014). Over the past half century, the increasing human life expectancy has
created many families in which grandparents live through a substantial proportion of their
grandchildren’s childhood (Uhlenberg 1996). The concurrent trend in falling fertility rates have
further allowed grandparents to invest their limited time and financial resources on a relatively
small set of grandchildren (Bengtson 2001). Ethnographic studies have suggested multiple
pathways through which grandparents’ education may influence grandchildren’s education, such
as by setting up trust funds for their grandchildren’s education (Aldous 1995), offering advice
and discussing grandchildren’s academic problems (Cherlin and Furstenberg 1986), serving as
role models, and monitoring grandchildren’s school progress (DeLeire and Kalil 2002).
Additionally, grandparents’ roles can be simply symbolic—the importance of grandparents may
not be because of their actions but because of “their presence and what they mean for a family”
(Bengtson 1985). While families may differ in their number of living grandparents,
grandparenting styles, and closeness between grandparents and grandchildren, the evidence
above implies that grandparents may play a significant role in grandchildren’s educational

achievements in general.



The magnitude of the grandparent effect on grandchildren may further differ by race
because of socioeconomic, historical, and cultural reasons. Compared to white grandparents,
African American grandparents are more likely to reside with their grandchildren, provide
practical support and act like parents, as a result of parental incarceration, teen pregnancy and a
long family tradition of multigenerational households that has its roots in West African culture
(Fuller-Thomson et al. 1997; Ruggles 1994). While public discourse often emphasizes the image
of multigenerational disadvantages of African American families by focusing on those that are
located at the bottom of the society, this study examines African American grandparents from a
broader perspective ranging from families that have experienced extreme economic hardship and
single-parenthood in two consecutive generations to those that maintained family intactness and
social advantages across generations. The next section discusses potential heterogeneity in the
grandparent effect associated with family structure, but such heterogeneity may also be

associated with race.

HETEROGENEOUS GRANDPARENT EFFECTS: THREE HYPOTHESES

A wealth of research has documented educational disadvantages of children being raised
by single parents (e.g., Amato 2005; Aquilino 1996; Astone and McLanahan. 1991; Ginther and
Pollak 2004; Kim 2011), but only a few studies have assessed heterogeneous effects of parents’
and grandparents’ education on children’s education across different types of family structure
(Kuo and Hauser 1995; Zeng and Xie 2014). Results from the limited amount of research that
provide indirect evidence to this question are mixed. Below, | summarize previous empirical
findings into three competing hypotheses based on their prediction about the relative strength of

the grandparent effect in one-parent and two-parent families.
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The present study adjudicates among these hypotheses for African American and white
families respectively, because of historical racial differences in patterns of union formation,
family disruption, educational mobility and cultural values on grandparenthood (Fomby and
Cherlin 2007; Maralani 2013; McLanahan 1985; Sweeney and Philips 2004). As discussed
earlier, African American grandparents are often more involved in raising their grandchildren,
especially among low-income families. Yet Cherlin and Furstenberg (1986: 131) suggested that
the distinctive racial pattern in grandparenting is not simply “a function of poverty or family
structure.” Instead, grandparenting styles developed during generations of adversity has become
a cultural legacy of African American families, which both low-income and middle-class
families share in common. The focus of this study is not to differentiate grandparenting styles by
racial and family structure groups, but their consequences—namely, how grandparents’

influences on their grandchildren’s education vary across subgroups of families.

No Effect Variation by Family Structure

The first hypothesis assumes that the effect of grandparents’ education on grandchildren’s
education does not vary by family structure, regardless of whether the effect is Markovian or
non-Markovian. Most studies on grandparenthood have suggested that the relationship between
American grandparents and their grandchildren is enormously heterogeneous, ranging from
extremely aloof to highly influential (Bengtson 1985; Casper and Bianchi 2001). Cherlin and
Furstenberg (1985) characterized five grandparenting styles as detached, passive, supportive,
authoritative and influential, but they found that none of these strategies are dominant in the
population. It is possible that grandparenting styles are independent of family structure so that

single-parent and two-parent families are equally likely to have very influential and unimportant
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grandparents. Thus, on average, the grandparent effect on grandchildren within each type of
family structure is similar.

While no research has directly tested heterogeneous grandparent effects across family
structure groups, findings from two-generation studies have provided some indirect evidence
based on heterogeneous parent effects. For example, Kuo and Hauser (1995) found that family
structure—intact versus nonintact—is not associated with differences in the effect of fathers’ and
mothers’ education on individuals’ educational achievements. Evidence based on occupational
mobility is also mixed: Biblarz and Raftery (1993) showed that the effect of fathers’ occupation
on sons’ occupation is stronger in non-intact families than in intact families, whereas Beller
(2009) suggested that when mother effects are taken into account, the effect of parents’
occupation on offspring’s occupation is stronger for respondents raised in single-parent families.
If patterns of grandparent effects are consistent with those of parents, we would expect to see that
grandparent effects may not vary by family structure either.

In addition, despite that families’ transitions into single-parenthood may restructure
grandparent-grandchild relationship and thrust some grandparents into active caregiving roles
(King and Elder 1997; Robertson 1995), it is unknown whether family disruption or nonmarital
childbearing alters grandparent effects on grandchildren. As most unmarried and divorced
parents enter new cohabitation and marriage unions shortly after the end of their last relationship
(Sweet and Bumpass 1987), the formation of new independent households often results in a
declining support from grandparents (Burton and Bengtson 1985). Consequently, among most
single-parent families, the high involvement of grandparents is often transient, which may not

make a marked difference in the eventual educational attainment of grandchildren.
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Stronger Grandparent Effects in Single-Parent Families

The second hypothesis assumes that grandparents’ education has a stronger impact on
grandchildren’s education in single-parent families than in two-parent families. It is widely
believed that grandparents as well as other kin provide a “latent safety net” for children, because
their roles are not activated until a family crisis occurs (Bengtson 2001; Johnson 1985; Riley and
Riley 1993). For example, over half of divorced mothers and an even higher proportion of
young, teenage mothers live in their parents’ households (Bumpass and Raley 1995; Hogan, Hao
and Parish 1990; Seltzer, Lau and Bianchi 2012). Even when grandparents live separately from
their grandchildren, many grandparents may act like parents, providing financial, emotional and
housekeeping support on a regular basis, or even becoming custodians of the grandchildren.

Grandparents’ support enhances family cohesion and multigenerational bonds between
grandparents and grandchildren. Several studies have shown that intergenerational inheritance in
occupation and education between parents and offspring is weaker in single-parent than two-
parent families often because of less effective parenting practices, fewer economic resources, and
the absence of fathers as important figures in children’s development (Biblarz and Raftery 1993;
Martin 2012). Grandchildren may benefit from their grandparents’ involvement, which
compensates for diminished parental resources and helps them cope with stresses caused by the
divorce or separation of parents (Deleire and Kalil 2002; Denham and Smith 1989; Hayslip and
Kaminski 2005). Many grandchildren develop a deeper relationship with some of their
grandparents than they had with either set of grandparents prior to their parents’ marital
disruption (Cherlin and Furstenberg 1986: 148-164). Thus, the experience of single-parenthood

may increase interactions between grandparents and grandchildren, leading to a stronger
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similarity between the education of grandparents and grandchildren in single-parent families than

in two-parent families.

Stronger Grandparent Effects in Two-Parent Families

The third hypothesis provides an opposing view to that of the second hypothesis and
predicts that the grandparent effect is stronger in two-parent families. Most studies on
grandparents in single-parent families tend to focus on support from maternal grandparents, but
fail to emphasize the loss of grandparental resources due to attenuated or broken paternal
intergenerational ties since the divorce of the parents (Seltzer and Bianchi 1988; Silverstein and
Bengtson 1997). In addition, because of the association between parental and grandparental
marital statuses, grandchildren in two-parent families are more likely to have grandparents who
are still married to each other and as a result more likely to provide assistance than separated
grandparents (Swartz 2009). Overall, grandchildren in two-parent families may receive a greater
total amount of support from both sets of grandparents than grandchildren in one-parent families.

Even if the quantity of support provided by grandparents does not vary by family
structure, the quality of support is another matter. Grandparents in two-parent families may
invest more time and money in grandchildren’s learning and education-related activities, whereas
grandparents in single-parent families are more involved in practical support such as helping
with household chores, chauffeuring and babysitting (Kaushal, Magnuson and Waldfogel 2011;
Sarkisian and Gerstel 2004). Intergenerational studies suggest that single parents spend less total
time as well as interactive time with their children on activities related to arts, sports, homework
and reading than do parents in two-parent homes (Asmussen and Larson 1991; Kendig and

Bianchi 2008). Such observations may also explain grandparenting in single-parent families,
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especially among younger, low-income grandparents who have to juggle work and childcare of
their children and grandchildren (Hayslip and Kaminski 2005).

With respect to racial differences, it is plausible that variations in grandparents’ effects
between single-parent and two-parent families are more striking among African Americans than
whites, in part because grandparents’ support is more constrained by needs and resources of
parents and grandparents for African Americans. Most African American grandparents have more
grandchildren but fewer financial and human capital resources. Hogan et al. (1993) show that on
average, African American parents receive less assistance than whites from grandparents,
because of the higher number of siblings who compete for grandparental support. The more
unequal distribution of grandparental support between single-parent and two-parent families
among African Africans may result in greater heterogeneity in grandparent effects for African

Americans than whites.

METHODS

Data

I use multigenerational data from the Panel Study of Income Dynamics (PSID, 1968-
2011) to assess the direct effect of grandparents’ education on grandchildren’s education. The
PSID is an ongoing longitudinal survey with a nationally representative sample of roughly 5,000
American families. The study started with over 18,000 individuals in 1968 and covered more
than 70,000 individuals from 1968-2011. The PSID project was conducted annually until 1997
and biennially thereafter. The study follows targeted respondents according to a genealogical
design. All household members recruited into the PSID in 1968 are considered to carry the PSID

“gene” and are targeted for collection of detailed socioeconomic information. Members of new
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households created by the offspring of original targeted households retain the PSID gene
themselves and become permanent PSID respondents.

To create a multigenerational sample, I link PSID respondents with their parents and
grandparents, based on their unique PSID interview ID. The linked sample does not include
immigrant families. For most families, only one set of parents and grandparents (either paternal
or maternal) are available, because not all the four grandparents were PSID respondents or they
were never part of a PSID household. Also, if an individual was born out of wedlock and his or
her parents lived in a PSID household together for less than one year, or if an individual’s parents
had a very short marriage, information for one parent, often the father, is likely to be missing.
Therefore, the analytical sample includes more individuals with complete information for

mothers and maternal grandparents than for fathers and paternal grandparents.

Measures

The observed outcome variable Y; is a grandchild’s education measured by years of
schooling of an individual in generation 3. Let X, ; = (Xl,irXZ,i) denote the treatment variable,
the family history of education, which is measured by the highest years of schooling among
grandparents and parents in generation 1 and 2 whose educational information is available. 2 For
example, if a family has two grandparents whose information is available, then Xy refers to the
education of the grandparent with the higher level of education.

The history of childhood family structure (namely, two-parent versus single-parent
family) S, ; = (Sz,i,Sg,i) is treated as a generation-varying covariate. If either the father or the
mother grew up in a single-parent household, then Sy is treated as a single-parent family in
generation 2, and only when both parents grew up in two-parent families, S, is coded as a two-

parent family. Sz refers to the childhood family structure of individuals in the grandchild
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generation, namely generation 3. If an individual’s parents were married throughout his or her
entire childhood from age 0-17, then Sz;i is coded as a two-parent family; otherwise, it would be a
single-parent family. To find out whether grandparents or parents were married during the
parents’ and individuals’ childhood, | make use of the retrospective marriage history file 1985-
2011, which contains detailed information of marriage timing and circumstances of grandparents
and parents who are PSID respondents. Strictly speaking, the definition of family structure is
based on marital status of parents, rather than living arrangements of children.

Other time-invariant covariates C include gender, age group and current residential
region of grandchildren.® These variables help control for gender, time and geographic variations
in the educational distribution in the grandchild generation for each racial group. The analytical
sample is restricted to grandchildren who are aged 25 to 65 years old in the most recent wave of
the survey in 2011. | conduct separate analyses for non-Hispanic white and non-Hispanic African
American families and omit other racial groups because the PSID has an oversampling of low-
income African American families and a very small sample of Hispanic and Asian families. The
present study defines the race variable based on the race of the head of household in the

grandchild generation, using the latest data available.

Covariate Selection Criteria

I omit many other variables that have been traditionally considered as important
covariates or control variables in examining effects of parents’ and grandparents’ education and
family structure on individuals’ education. For example, these variables include intellectual
ability, occupational status, number of siblings, mental illness, drinking and drug use behaviors,
domestic violence, incarceration and welfare status of grandparents and parents (McLanahan

2009). I omit these variables in the analyses either because measures of some variables are not
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available in the PSID data or because controlling for some variables would lead to the over-
control or overadjustment bias (Elwert and Winship forthcoming). The overcontrol problem
arises when researchers control variables on a causal path from the treatment variable to the
outcome variable, namely variables that result from grandparents’ and parents’ education and are
causes of grandchildren’s education. | assume that grandparents’ and parents’ occupation, fertility
and welfare status are such intermediate variables that link grandparents’ and parents’ education
to grandchildren’s education, and therefore, omitting these variables yields unbiased estimates of
grandparents’ effects on grandchildren. For the omitted variable bias problem, I supplement the
results with a sensitivity analysis to assess the extent to which the results drawn from the analysis

are robust to violations of the assumptions implied in the model.

ANALYTICAL FRAMEWORK

The Definition of Controlled Direct Effect

To explicate the causal relationship between grandparents’ education and grandchildren’s
education, I rely on a hypothesized directed acyclic graph (DAG) shown in Figure 1. Assume
that we observe a group of grandparents at time t, and record their education X1, which is
determined by a set of unobserved variables Wi. The education of grandparents subsequently
affects parents’ childhood family structure, parents’ education, grandchildren’s childhood family
structure, and grandchildren’s education. In the causal inference literature, grandparents’
education X is called the exposure variable, and parents’ education is a mediator between
educational outcomes of grandparents and grandchildren. The endogenous variable, family

structure over generations, is treated as a generation-varying covariate, which is associated with
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grandchildren’s education but also serves as a moderator that alters grandparents’ direct effects
on grandchildren.

Let Y(x1) denote a family’s educational outcome in generation 3 if treatment x; was set in
generation 1. The variable Y(x.) is referred to as counterfactual outcomes or potential outcomes.
For example, if X1 is binary then an individual would have 2 potential educational outcomes
Y(x1=1) and Y(x1=0), or simply Y1 and Yo. Assume that we increase a grandparent’s education and
allow all future family changes to respond to this change. The direct effect refers to the increase
in grandchildren’s education that is directly affected by this change, instead of being mediated by
other associated family changes, such as the change in family structure and educational
attainments of parents. As discussed earlier, if such a direct effect differs for children or their
parents who were raised in single-parent as compared to two-parent families, then the direct
effect is heterogeneous, also known as effect modification (VanderWeele and Robins 2007).

According to Pearl’s (2001) causal mediation formula, | define the controlled direct effect

CDE = E[Y(x; =x", x5, = x0) = Y(x1 = x,%, = x¢)]
= 2AE[Y (xy = %, x; = 0)| CI}P(C) = ZAE[Y (%1 = x, 22 = 0)|CI}P(C) (D)
The controlled effect is interpreted as the expected increase in the outcome Y as the treatment
changes from X1 = x to x’, while the mediator is set to a pre-specified level x, = x uniformly
over the entire population. In the early mediation analysis literature, researchers typically did not
consider heterogeneous controlled direct effect caused by endogenous variables, but such
problems have been addressed in recent causal mediation analyses (Pearl 2000, 2001; Robins and

Greenland 1992).° The present study only focuses on heterogeneity in the direct effect of
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grandparents caused by childhood family structures S; and Ss, but not by parents’ educational

levels and other controlled variables.

Assumptions

According to Pearl (2001), to identify the controlled direct effect of grandparents’
education (X1) on grandchildren’s education (Y), the following two assumptions must be made

(1) No unmeasured confounders for the exposure-outcome relationship

Y(x,x2) 1X11C

where X;, X,, and Y refer to the exposure, mediator and outcome respectively. This
assumption is also known as conditional exchangeability, which means that controlling for
characteristics C, grandparents who are exposed to a certain educational level are generally
exchangeable with those who are not. In other words, the counterfactual grandchildren’s
education under every exposure value of grandparent’s education is the same in the exposed and
in the unexposed. When this assumption is violated, we cannot obtain the unbiased total effect of
X1 0n'Y, because of omitted variable biases. Based on this assumption, the unobserved variable
Wi that influences X1 in Figure 1 needs to be independent of Y.

(2) No unmeasured confounders for the mediator-outcome relationship

Y(x1,x7) LX21X1,C

This assumption requires that all confounders of the association between the mediator
and the outcome are included in X1 and C. When this assumption is violated, we cannot estimate
any kind of direct effect from Xy to Y. This is because to estimate the direct effect of X;, we need
to control X, but this would yield biased effect of X1 on Y, due to the collider bias between X

and any controlled confounder C that is associated with both X, and Y (Elwert and Winship
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forthcoming). According to this assumption, the unobserved variable W> that influences X> needs
to be independent of Y. These two assumptions are encoded into the DAG shown in Figure 1.

When these two assumptions are satisfied, the controlled direct effect of grandparents in
equations (1) can be identified and are equivalent to

CDE =E[Y(x; =x",x, =x) = Y(x; = x,%, = x)]

= XAE[Y|x: = %", % = x,C}P(C) — ZAE[Y |y = x, x5 = x, C]} P(C) )

The controlled direct effect moderated by family structures S, and Sz, namely the
heterogeneous controlled direct effect CDEy, is

CDEy =E[Y(x; =x",x, =x) = Y(x; = x,x, = x)|S,, S3]

= ZC{E[lel = x’,xZ = x,Sz,Sg, C] - E[lel =X, Xy = x,Sz,Sg, C]}P(C) (3)

Potential Problems of Standard Regression Models

Standard regression models, however, do not provide unbiased estimates of the controlled
direct effect of X;. Consider a conventional ordinary least square regression model, which
includes X1, X2, Sz, S, C, and interactions between any X and S.

E(Y|X1,52,X3,53)
= Po + B1S2 + B2S3 + X1 (B3 + BaSz + BsS3) + X2(Bs + B7S2 + BgS3) + fo.C 4)
where f4. consists of a set of coefficients corresponding to the time-invariant covariate
set C, such as gender, residential region, age group of grandchildren.

Using this equation to estimate the controlled direct effect of grandparents poses several
problems. First, conditioning on Sz and Sz, we remove the indirect effect of grandparent’s
education X; on Xz that is transmitted through the formation of family structure. If we want to
keep this effect as part of the direct effect of X1 and only consider the indirect effect as that

mediated by parents’ education, we should not control S; and Sz in the equation, but that causes
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another problem—we are unable to examine how the direct effect of grandparent’s education is
moderated by family structures.

Second, when we adjust for the childhood family structures (Sz, S3), we introduce
potential biases for the estimates of X1 and Xz, due to the omission of (U1, U2). The causal
structure shown in Figure 1 illustrates how this problem arises. As S is a collision in the paths
X1=2> S2 € Uy, adjusting for Sy creates a spurious (namely, noncausal) association between X1
and Uz. Since U is an unobserved factor that is also correlated with Y, the omission of U; leads
to a biased estimate of X:. Yet the omission of U; would not be a problem if we do not control Sz
in the equation. This bias is also known as the “collider-stratification bias” (Greenland, Pearl and
Robins 1999; Morgan and Winship 2007). Similar problems also exist when we control for Sz in
the equation.

Therefore, instead of modeling a single regression to evaluate the direct effect of
grandparents, we need several submodels to estimate these effects by parts. This is the rationale

for the structural nested mean model described below.

Structural Nested Mean Model
I use the two-stage regression-with-residuals estimator, which is a special case of the
more general and flexible semi-parametric approach of structural nested mean models, also
known as the sequential G-estimator (Almirall et al. 2013; Daniel et al. 2013. Robins 1999;
Vansteelandt 2009; Wodtke, Elwert and Harding 2012). | first assume that
E(S;1X1) = ap + a1 X (5)
E(S51X1, 82, X2) = vo + v1iX1 +v2Xo + S2(¥3 + vaXy +v5X3) (6)
Then | estimate the residuals as

5(S;) = S, — E(S;1X1) (7)
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5(S3) = S5 — E(S31X1, 52, X3) (8)
The residual of S is independent of X1, and the residual of Sz is independent of X1, Sz,
and Xz. I assume no interaction between continuous variables X1 and X, so that both equations
(5) and (6) are saturated models.
The structural nested mean model is estimated by regressing observed outcome Y on
grandparents’ and parents’ educations X and the residualized S, and Ss.
E(Y|X1,52,X3,53)
= 1o + N16(S2) + 126(S3) + X1(M3 + 14S2 + 15S3) + Xo2(6 + 1752 + 1gS3) +10.C 9)
where ny = By + BaV3, N2 = B2, N3 = B3 + P11 + Boyr + B2V31, Na = Ba + Va,
Ns = Bs, Ne = Lo + B2V2, N7 = Py + V5, Ng = Pg and no. = Lo.. Therefore, the relationship
between n and 8 shows that some but not all of the coefficients g from the OLS are biased. All
the coefficients related to S, and Sz (namely n) are potentially biased due to the presence of Uy
and U, but the coefficients of X1 and X» are unbiased. The standard errors of the coefficients in
the second stage are estimated from bootstrap methods.®
Note that model assumptions in the causal structure shown in Figure 1 allow unobserved
characteristics of parents and grandparents U that are correlated with parents’ and
grandchildren’s family structure and grandchildren’s educational outcomes. These unobserved
factors may include shared traits of parents and grandparents, such as mental health, drinking and
drug use behaviors, which contribute both to childhood family stability of parents and
grandchildren and educational outcomes of grandchildren. Previous studies have resorted to
different analytical strategies—for example, fixed-effect models (Cherlin et al. 1998) and
bivariate probit analysis (Astone and McLanahan 1991)—to either eliminate all unmeasured

variables that do not change over time or allow unobserved variables to be correlated. The
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presence of these unobserved variables, however, do not influence our estimates of the

grandparent effect based on the SNMM illustrated above.

RESULTS

Sample Characteristics

Table 1 summarizes educational and demographic characteristics of grandparent, parent
and grandchild generations in the PSID sample. On average, grandchildren from African
American families are disadvantaged in their educational attainments compared to those from
white families. The gap in the average years of schooling between African Americans and whites
is close to one year in the grandchild generation, as compared to 1.2 years in the parent
generation and 2.1 years in the grandparent generation. The multigenerational disadvantages of
black families exist not only in their families’ educational histories but also in their family
structures across generations. While the educational gap between African American and white
families from the parent to the grandchild generation shows a converging trend, their family
structures have diverged. The proportion of single-parent families has increased faster for
African American families, from around 30 percent of parents growing up in single-parent
families to 66 percent in the grandchild generation compared to an increase from 16 percent to
35 percent for whites.

Table 2 displays the link between average years of schooling and types of family
structures. The trend suggests that childhood family structures in two consecutive generations
bring cumulative advantages or disadvantages to grandchildren’ educational attainment. If both
grandchildren and their parents grew up in two-parent families, the grandchildren received, on

average, 14 years of education for whites and 13 years for African Americans. By contrast, the
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most disadvantaged group is that in which grandchildren and their parents were both raised in
single-parent families. This trend is especially true for white families, as the statistical tests show
that the education of African American grandchildren significantly varies only by their own
childhood family structure, not by that of their parents.

Given the negative impact of single-parent families on children’s educational outcomes,
we would expect that if African Americans had not experienced the fast growth of single-parent
families, their average education in the grandchild generation would be more similar to that of
whites. While most white grandchildren grew up in two-parent households, the descriptive
results suggest that the disadvantaged family structure has a more enduring and negative impact
on grandchildren’s educational attainments for whites than for African Americans—the
educational gaps between the least and the most advantaged group are 0.9 years for African

American grandchildren and 1.5 years for white grandchildren.

Direct Effect of Grandparents

Table 3 presents model estimates for the direct effect of grandparents on grandchildren
based on both conventional OLS models and structural nested mean models. The additive models
test the Markovian assumption about the grandparent effect, namely, whether grandparents’
education has a direct effect on grandchildren’s education. Overall, the OLS models overestimate
the direct effect of grandparents for African Americans and underestimate that for whites. The
SNMM estimates suggest that grandparents’ education has a statistically significant positive
effect on grandchildren’s education for both African American and white populations. The
average grandparent effect is greater for white families than for African American families (n
=0.06 versus 0.03). The smaller association between grandparents’ and grandchildren’ educations

for African Americans than for whites is consistent with findings from previous studies on racial
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patterns in parent-offspring mobility, which suggests that African Americans are less likely to
transmit their socioeconomic statuses across generations (Blau and Duncan 1967: 207-227;
Duncan 1968; Featherman and Hauser 1978; Hout 1984; Hauser et al. 2000).

Figure 2 presents point estimates and 95 percent confidence intervals of parents’ and
grandparents’ direct effects by race. Compared to the effect of parents’ education, the direct
effect of grandparents’ education is marginal. For example, for African American families, each
one year increase in parents’ education explains an increase of 0.3 years in their own children’s
education, whereas each one year increase in grandparents’ education explains an increase of
only 0.03 years in grandchildren’s education. For whites, the grandparent effect is far smaller
than the parent effect: The former is only 14 percent as large as the latter (=0.06/0.44). Therefore,
the results support a non-Markovian explanation for the grandparent direct effect on
grandchildren, but such an effect is very small compared to the indirect effect of grandparents on
grandchildren that works through the parent generation.

The coefficients of childhood family structure experienced by parents and grandchildren
(S2 and S3) show that white grandchildren are more vulnerable to the negative impact of single-
parenthood than African American grandchildren. African American grandchildren’s educational
outcomes are associated with only their own childhood family structure, but not that of their
parents, whereas for whites, family structure in the parent generation has a legacy effect on
children’s educational attainment. Everything else being equal, white grandchildren who
themselves or whose parents grew up in single-parent households receive roughly 0.5 year less
education than their two-parent counterparts. These patterns confirm earlier findings from two-
generation studies, which show that educational deficits associated with single-parenthood are

more pronounced for white than for African American children (Amato 2005; McLanahan and
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Sandefur 1994). As discussed earlier, the coefficients of Sz and Sz suggest only associations of
these variables with grandchildren’s educational outcomes, not causation, because of the model

assumptions (shown in Figure 1) about correlations between unobserved variables.

Heterogeneous Grandparent Effect

The interactive models in Table 4 show variations in grandparent effects by family
structure. For African American families, the direct effect of grandparents’ education on
grandchildren’s education varies substantially across types of childhood family structure in the
grandchild generation. Specifically, grandparents play a much more influential role in
grandchildren’s education in two-parent families than in one-parent families, as suggested by the
interaction coefficient between grandparents’ education (X1) and grandchildren’s family structure
(S3). There is no significant variation in the grandparent effect by family structure in the parent
generation (S2). By contrast, the direct effect of grandparents does not differ across types of
childhood family structures in either the parent or the grandchild generations for white families.

Figure 4 shows a diversity of grandparent effects by types of family structure and racial
groups, based on estimates from Table 4. For African Americans, grandparent effects are
especially strong among families that remained intact during the childhoods of grandchildren.
The point estimate of the grandparent effect is 0.11, which is close to half as large as the parent
effect, 0.25. Yet such intact families constitute a minority of the African American population—
only 34 percent (=782/(1508+782)) in the African American sample, as shown in Table 2. For the
majority of African American families, namely families that experienced single-parenthood in
the grandchild generation, the grandparent effect is negligible, as the coefficient of the effect,
0.02 is not statistically significant from zero. The last two estimates in the graph show that the

difference in the grandparent effect between single-parent and two-parent households is even
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more remarkable if we assess the grandparent effect by family structure in two successive
generations. African American families that have remained intact in both parent and grandchild
generations display a cumulative advantage in the grandparent effect, whereas families that have
lived through two consecutive generations of single-parenthood are the least likely to transmit
educational statuses from grandparents to grandchildren.’

Conversely, grandparent effects across different types of family structure are relatively
homogeneous for whites. Grandparent effects vary between 0.01 and 0.06, but a large proportion
of confidence intervals of these estimates overlap, suggesting that differences among these
effects are statistically insignificant. Comparing white families that experienced one generation
and two successive generations of two-parent (or single-parent) households, we do not observe
cumulative advantage (or disadvantage) mechanisms in grandparent effects caused by the history
of family structure.

Taken together, results from interactive models in Table 4 suggest distinct patterns of
grandparent effects by family structure and race: African American families that have raised their
children in two-parent households show strong multigenerational bonds in educational status
between grandparents and grandchildren, whereas for whites such multigenerational connections

are not contingent upon family structure.

Sensitivity Analysis

The causal interpretation for results presented in Table 3 and Table 4 rests on the
assumption that unobserved confounding variables that affect education of grandparents, parents
and grandchildren (namely W in Figure 1) do not correlate. This assumption may be invalid
because unmeasured factors such as childhood family income and welfare status, and the genetic

component of education-enhancing traits of grandparents and parents may sort individuals into
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different educational groups. Such a selection mechanism may lead to spurious or overestimated
effects of grandparents’ education on grandchildren’s education. By simulating a range of
correlations between the unobserved variable (W) and education (X) across generations (shown
in Figure Al), the sensitivity analysis assesses the extent to which the causal effect of
grandparents’ education is robust to the selection bias caused by intergenerational transmission
of unobserved variables.

The sensitivity analysis follows two steps. In the first step, | assume a single variable W
that is a combination of all the omitted variables and thus captures selection bias from any
source. | simulate plausible values for the association between W: and X; (namely 6) and between
W and W1 (namely ), both of which range from 0 (no correlation) to 1 (perfect correlation).
Given that both W; and X: are standardized, the parameter m can be roughly interpreted as the
intergenerational correlation in the unobserved variable. The parameter 6 refers to the correlation
between education and the unobserved variable in each generation, which reflects the magnitude
of the selection bias. In the second step, | estimate grandparent effects by including the simulated
unobserved variable into all the SNMM that produce previous results in Tables 3 and 4, and
compare the bias-corrected estimates of grandparent effects with the original ones.

Figure 4 displays adjusted average grandparent effects and heterogeneous grandparent
effects by family structure, based on a range of selected values of 8 and m in the sensitivity
analysis. When the parameter i is equal to 0, namely no intergenerational transmission of the
unobserved variable & (as shown in Figure 1), the estimated grandparent effects simply replicate
previous estimates shown in Figures 2 and 3. Despite a wide range of possible combinations

between values of 8 and m, Figure 4 only presents results from scenarios when 6 = .
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In general, the estimated grandparent effects decline with the increase of 6 or . The
vertical lines refer to thresholds of the parameters at which the average grandparent effects,
represented by the red lines, are not significantly different from zero. This result means that we
need to reconsider the causal interpretation for influences of grandparents’ education on
grandchildren’s education because of potential selection mechanisms. In addition, grandparent
effects that fall below zero imply potential unrealistic scenarios under which grandparent effects
become negative and strong enough to overturn the positive impact of the unobserved variables.

The results suggest that for African Americans, we would expect to see a positive causal
effect of grandparents’ education on grandchildren’s education as long as the intergenerational
correlation of the unobserved variable as well the correlation between education and the
unobserved variable are both below 0.5. For whites, the causal effect of grandparents persists
even if the correlations are as high as 0.7. In terms of the heterogeneous grandparent effect, the
thresholds for a valid causal interpretation for some groups are even higher than those based on
the average grandparent effect.

To provide a more substantive understanding of the bias-corrected grandparent effect, |
borrow previous evidence from studies on intergenerational correlation of income as an example
of the unobserved variable W. The correlations range from 0.15 to 0.4 (Becker and Tomes 1986;
Bowles and Nelson, 1974; Solon 1992; Zimmerman 1992), all of which do not exceed the
thresholds reported in Figure 4.° Overall, the sensitivity analysis indicates that the magnitude of
the intergenerational transmission of the unobserved variable, if there is any, would have to be
unreasonably large to alter our inferences about the causal effect of grandparents’ education on
grandchildren’s education. The interpretation of the grandparent effect is subject to revision if

future research reveals a stronger intergenerational transmission of the unobserved variable.
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DISCUSSION

Using multigenerational data from the Panel Study of Income Dynamics, this study tests
whether grandparents’ education directly influences grandchildren’s educational outcomes and
whether the effects vary across types of family structures. The analyses yield three principle
findings. First, the results suggest a non-Markovian mechanism of grandparent effect—that is,
grandparents’ education directly influences their grandchildren’s educational attainments, for
both African American and white families. Thus, families with both well-educated parents and
grandparents create cumulative advantages for the grandchildren to succeed in school, whereas
families with undereducated parents and grandparents are likely to be trapped in a vicious cycle.
In addition, even if grandparents fail to pass on their advantages to the parents, they can extend
their influence and secure advantages for the grandchildren.

The second finding indicates that the overall direct effect of grandparents is greater in
white families than in African American families. This results is consistent with findings from
prior intergenerational mobility studies, which show that the inheritance of status from parents to
offspring is stronger for whites than for African Americans (e.g., Duncan 1968; Featherman and
Hauser 1976; Hout 1984). For any given educational levels of parents and grandparents, African
American grandchildren are unlikely to obtain the same level of education as compared to
whites. The lower intergenerational association in educational status among African Americans
as compared to whites may be explained by racial differences in the effectiveness of parenting
skills within families but may also be attributable to racial differences in social experiences that
are related to residential segregation, parental unemployment and incarceration, or even

discrimination in the educational system.
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The third finding shows that substantial heterogeneity in the grandparent effect prevails
in families that experience diverse household structures. The effect is the strongest among
African American families in which grandchildren grew up in two-parent households but is
largely homogeneous among white families. While intergenerational ties in educational status are
weaker in African American families than in white families, the results show that
multigenerational effects in education from grandparents to grandchildren are extremely
pronounced in two-parent African American families. Previous ethnographic studies described
African American grandparents, especially grandmothers, as “guardians of the generations”
(Frazier 1939), who hold families together during hard times, provide discipline, guidance and
financial assistance to their children, and transmit family history, values and wisdoms across
generations. Thus, the stronger connections in educational status between grandparents and
grandchildren among African American families shown in this paper may be attributed to higher
levels of involvement of African American grandparents. In contrast, in single-parent families,
grandchildren’s educational attainment depends more on their own efforts or various random
factors than on the educational background of their families. Overall, the substantial variations in
grandparent effects by family structure among African Americans, but not among whites, imply
that the growth in single-parent families have weakened the effect of grandparents’ education on
grandchildren’s education for African Americans, but has had little impact on white families.

Several limitations of the present study are worth noting. First, the simple, dichotomous
classification—single-parent versus two-parent families—may obscure further heterogeneity
within both groups. For example, given the rapid growth of cohabitation, children growing up
with two-parents who are unmarried may be different from those with two married parents.

Likewise, children who experienced parental divorce may be different from those who were born
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out of wedlock or who experienced parental death (DeLeire and Kalil 2002; McLanahan and
Percheski 2008; Sweeney 2011). Grandparent influences on children in the single-parent group
may further depend on the age of grandparents (Silverstein and Marenco 2001), the number of
living grandparents, the family tradition in grandparent-grandchild relationship (King and Elder
1997), the living arrangement (Dunifon and Kowaleski-Jones 2007), rural residence (King and
Elder 1995) and geographic proximity of grandparents and grandchildren (Cherlin and
Furstenberg 1986), as well as the age of grandchildren when their parents separated or divorced.
Compared to whites, African Americans in the single-parent group are more likely to be born out
of wedlock and less likely to experience parental divorce. 1

Second, the results may suffer from bias caused by missing data on grandparents’
information. Due to the structure of the PSID sampling design, we were unable to observe all
four grandparents for all families—for most families only data on paternal or maternal
grandparents are available because only one parent carries the PSID sample “gene.” Based on the
assumption that observations of grandfathers and grandmothers, as well as paternal and maternal
grandparents, are completely missing at random, results presented in the supplemental file parcel
out influences of different sets of grandparents. Overall, we observe little difference between the
average direct effects of paternal and maternal grandparents or between grandfathers and
grandmothers. The heterogeneous grandparent effects for African Americans are mostly
explained by grandmother effects. The results confirm Cherlin and Furstenberg’s (1986: 123-
127) findings that grandfathers and grandmothers are almost equally likely to visit their
grandchildren, take on a parentlike role, and exchange services, ceteris paribus, although
grandfathers may specialize in “task-oriented, instrumental family roles,” whereas grandmothers’

roles are more expressive, nurturant, and related to “kin-keeping.” Given that the missing at
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random assumption may be violated, | consider these supplementary results as tentative. A
refined analyses would require data that follow both paternal and maternal sides of all families
over generations.

Third, the multigenerational causal mechanisms may be more complicated than displayed
in the analyses, because the current study is not able to examine all possible pathways through
which grandparents influence grandchildren. In addition, the identification of causal mechanisms
in the present study relies on assumptions about the relationship between observed and
unobserved factors. The sensitivity analyses simulate a broad range of scenarios when selection
bias problems caused by unobserved variables occur, but future research that directly measure
the intergenerational transmission of the unobserved variables may help further test validity of
the results.

American families are in transition, as are grandparents’ roles in grandchildren’s lives.
Results from this study show that the formation of single-parent families due to recent trends in
divorce, remarriage, and premarital and multi-partner fertility has altered socioeconomic
connections between biological grandparents and grandchildren. Yet, another parallel trend is the
growth in the percentage of grandparents who are step -grandparents (Yahirun and Seltzer 2014).
So far we know little about roles of step-grandparents—be they a supplement or replacement to
roles of biological kindred. The joint role of the kin network, rather than parents and

grandparents alone, may contribute to persistent inequalities between families across generations.

CONCLUSION

This study provides an example of multigenerational influences from grandparents that
create, reproduce, and potentially change educational inequality among families. The results
suggest that not only does the recent demographic transition in family structure lead to

34



“diverging destinies” of U.S children (McLanahan 2004), but it has multigenerational
implications for diverging destinies of American families. Findings from this study suggest that
the decline in two-parent families has undermined multigenerational transmission of educational
advantages among African Americans, but has had inconsequential impact on whites.

Realistic family strategies for maintaining social advantages across generations, however,
may be more complex than those described in this study. For example, the strength and patterns
of grandparent effects may vary by dimensions of social statuses, ranging from “stocks” of social
advantages such as business, lands or estates, to “flows” of advantages such as income,
education and occupational position (Mare 2011; Pfeffer 2014). Grandparent effects may vary
within families as well, in that the cultural norms of family division of labor by gender and the
gender-specific mobility opportunities in a society may result in stronger effects of some
grandparents relative to others and different mobility outcomes for grandsons and
granddaughters (Bengtson 2001; Cherlin and Furstenberg 1986: 122-127; Coall and Hertwig
2010; Spitze and Ward 1998).

Generations within the same family are connected by not only social statuses but also
demographic behaviors (Mare 1997, 2011). On the one hand, family decisions on whether, when,
and whom to marry and whether to have children may interact with intergenerational mobility
processes, combining to influence aggregate-level racial disparity in education (Maralani 2013),
economic polarization, and poverty (Lam 1986; Musick and Mare 2004) as well as future
educational, genetic and occupational distributions in a population (Mare and Maralani 2006;
Matras 1961, 1967; Preston 1974; Preston and Campbell 1993). On the other hand, families’
demographic behaviors also modify status connections across generations (Biblarz and Raftery

1993; Zeng and Xie 2014). The history of family disruption and reconstitution investigated in the
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present study is only a part of these demographic processes. Parents’ and grandparents’
demographic behaviors, such as marriage, living arrangement, fertility, mortality, adoption,
migration, and timing of these events may all influence the strength of intergenerational
resemblance in social status across generations. Future research may help uncover more

heterogeneity in the interaction between demographic behaviors and social mobility of families.
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NOTES

! Hout (1988: 1391) argued that the additive model specification in status attainment models based on a path
analysis is inaccurate, as he found that the effect of origins on destinations differs by the intervening factor, namely
the level of education.

2] also experimented with using the average education rather than the highest education of parents and grandparents.
The results are consistent with those presented below, although the results are slightly less significant.

3 The PSID consists of several samples including the Survey Research Center (SRC) sample, the immigrant sample,
the Census sample or Survey of Economic Opportunities (SEO) sample, and the Latino sample. Often researchers
need to adjust for unequal selection probabilities for these subsamples. However, due to missing cases in linking
families across three generations, the weighting variable provided to adjust for these subsamples is no longer
appropriate. To check robustness of the results, | restricted my analysis to only families in the SRC sample and the
results are largely consistent with those reported here.

* In recent causal mediation literature, some researchers proposed another definition of the direct effect called the
pure natural direct effect (Pearl 2001, 2013; Robins and Greenland 1992; Sobel 2008).

DE =E[Y(x; =%, M(x; =x)) = Y (3, = x, M(x; = x))]
= Z{E[lel =x,M(x; = x),CI}P(M|x; = x,C)P(C) — Z{E[lel =x,M(x; = x),CI}P(M|x; = x,C)P(C)

c,M c,M
It can be interpreted as the expected increase in the educational outcome of Y, as the treatment variable,
grandparent’s education, changes from X; = x to Xy = x’, while setting the mediator variables to whatever values they
would have attained prior to the change, i.e., under X; = x. This study does not examine the pure natural direct
effect, because it requires more stringent assumptions about the unobserved variables (Pearl 2013).
5 Traditional sociological studies often relied on a path analysis or structural equation model framework to estimate
direct and indirect effects of variables. Such a method has limitations in identifying conditions when associations
can be interpreted as causations, as well as extending linear models to situations when nonlinearities and interactions
are permitted (Sobel 2008; Wang and Sobel 2013).
6 SNMM models used in this paper only assume two-way interactions between family structures and parents’
education as well as grandparents’ education. For the sake of simplicity, | omit the two-way interaction between
family structure in two generations and all the three-way interaction terms, namely S,*Sz X1*S,*Sz and X*S;*Ss. As
a robustness check, I experimented with a wide variety of model specifications. The results suggest that estimates of
grandparents’ education in Table 3 and 4 are robust to possible model misspecification. The online supplement
provides more details about the SNMM estimators as well as a simulation example to illustrate the method.
" Auxiliary analyses shown in the supplemental file provide further evidence to distinguish between the transmission
of multigenerational advantages and disadvantages in two-parent and single-parent families. The analyses show that
weaker grandparent effects in single-parent families result from weaker multigenerational transmission of
educational advantages, rather than more upward mobility from grandparents to grandchildren.
8 Likewise, when the parameter @ is equal to 0, namely, no selection effect of the unobserved variable on education,
the estimated grandparent effects simply replicates previous estimates shown in Figure 2 and 3. In terms of the DAG
in Figure 4, we would expect to see no arrows pointing from the unobserved variable W to the education variable X.
9 Additionally, since the calculation of these intergenerational income correlations does not include controls for the
effect of education in one generation on childhood family income in the next generation, the intergenerational
correlations of income net of education may be smaller than those reported in prior studies. Such a fact further
substantiates the causal effect of grandparents’ education on grandchildren’s education.
10 The supplemental file presents some robustness checks by restricting the single-parent group to only
grandchildren who experienced parental divorce.
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Table 1. Multigenerational Sample Characteristics

African Whites
Variable Means Americans
Grandchildren (G3)
Years of schooling 125 13.4
(2.1) (2.2)
Growing up in single-parent families, % 65.9 35.3
Male, % 51.1 50.2
Age group in 2011, %
25-34 49.8 59.5
35-44 38.0 34.8
45-54 8.9 4.0
55-65 34 1.7
Current region, %
Northeast 5.6 18.0
North central 16.0 27.2
South 71.8 335
West 6.7 21.3
Number of siblings 2.4 1.8
(1.7) (1.1)
Parents (G2)
Highest years of schooling 125 13.7
(2.2) (2.3)
Growing up in single-parent families, % 29.6 16.3
Birth year
Median 1953 1953
(8.7) (6.8)
Minimum 1917 1905
Maximum 1967 1970
Grandparents (G1)
Highest years of schooling 9.5 11.6
(3.1) (3.2)
Birth year
Median 1926 1927
(9.5) (8.8)
Min 1890 1883
Maximum 1960 1954
N 2,290 2,534

Data sources: Panel Study of Income Dynamics, 1968-2011.
Notes: Figures in the parentheses are standard deviations for continuous variables. Birth cohorts of parents and
grandparents are calculated based on information from all available parents and grandparents in the sample.
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Table 2. Multigenerational Family Structure and Grandchildren’s (G3) Educational Outcome

African Americans Whites

Childhood family structure, G3 Childhood family structure G3

Single-parent Two-parent Single-parent  Two-parent
«~ Single-parent  Mean 12.2 13.0 12.4 13.2
© S.D 2.0 2.0 1.9 2.1
5 N 457 221 176 236
é Two-parent Mean 12.2 13.1 12.8 13.9
2 S.D 1.9 2.2 2.2 2.2
% N 1051 561 719 1,403
- Total Mean 12.2 13.1 12.7 13.8
8 SD 2.0 2.1 2.2 2.2
= N 1,508 782 895 1,639
@)

Data sources: Panel Study of Income Dynamics, 1968-2011.
Notes: Figures in the parentheses are standard deviations for continuous variables.
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Table 3. Additive Model Estimates for Direct Effects of Grandparents’ Education on
Grandchildren’s Education

African Americans Whites
OLS SNMM OLS SNMM
Intercept 8.705*** 8.040*** 7.098*** 6.363***
(0.344) (0.348) (0.284) (0.282)
Grandparent, G
Education, X1 0.041** 0.032* 0.056*** 0.062***
(0.014) (0.014) (0.014) (0.014)
Parent, G2
Education, X 0.270*** 0.295*** 0.411%** 0.441***
(0.020) (0.023) (0.019) (0.020)
Childhood 1-parent household 0.001 -0.016 -0.467*** -0.505***
5(S3) (0.088) (0.090) (0.104) (0.105)
Grandchild, G3
Childhood 1-parent household -0.668*** -0.660*** -0.530*** -0.535***
5(S3) (0.086) (0.089) (0.083) (0.081)
N 2,290 2,290 2,534 2,534

Data sources: Panel Study of Income Dynamics, 1968-2011.

Notes: Figures in the parentheses are standard errors. Standard errors for SNMM are obtained from 1,000
bootstrap samples. p* < .05, p** < .01, p*** < .001 (two-tailed tests). Coefficients of variables including age
groups, sex and current region are not presented in the table.
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Table 4. Interactive Model Estimates for Direct Effects of Grandparents’ Education on
Grandchildren’s Education by Family Structures

African Americans Whites
OLS SNMM OLS SNMM
Intercept 7.816*** 8.473** 6.433*** 7.212%**
(0.524) (0.387) (0.360) (0.449)
Grandparent, G1
Education, X1 0.120*** 0.124*** 0.072*** 0.061**
(0.026) (0.029) (0.018) (0.020)
Education*childhood -0.043 -0.032 -0.005 -0.014
1-parent household S (0.029) (0.032) (0.037) (0.036)
Education*childhood -0.096*** -0.096** -0.040 -0.040
1-parent household S3 (0.029) (0.031) (0.028) (0.027)
Parent, G2
Childhood 1-parent household 0.307 0.058 0.900 1.034
5(S3) (0.521) (0.682) (0.646) (0.677)
Education, X 0.280*** 0.255*** 0.445*** 0.420***
(0.036) (0.028) (0.025) (0.028)
Education*childhood 0.011 0.023 -0.098* -0.098*
1-parent household S (0.040) (0.047) (0.048) (0.049)
Education*childhood -0.024 -0.024 -0.038 -0.038
1-parent household S3 (0.041) (0.046) (0.039) (0.039)
Grandchild, G3
Childhood 1-parent household 0.554 0.554 0.429 0.429
5(S3) (0.521) (0.618) (0.470) (0.493)
N 2,290 2,290 2,534 2,534

Data sources: Panel Study of Income Dynamics, 1968-2011.

Notes: Figures in the parentheses are standard errors. Standard errors for SNMM are obtained from 1,000
bootstrap samples. p* < .05, p** < .01, p*** < .001 (two-tailed tests). Coefficients of variables including age

groups, sex and current region are not presented in the table.
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1 W, W5,C
1 1 1 1 1 )
Gl G2 G2 G3 G3
Grandparents Parents’ childhood Parents Grandchildren’s Grandchildren
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Figure 1. Directed acyclic graph showing hypothesized causal relationship
Notes: X; = grandparents’ education, S = childhood family structure of parents, X, = parents’ education, Sz =

childhood family structure of grandchildren, U, W = unmeasured variables, Y = grandchildren’s education. C =
exogeneous variables that influence Y, such as gender, race, region and age group.
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Figure 2. Direct Effects of Parents’ and Grandparents’ Education on Grandchildren’s Education
by Race

Data sources: Panel Study of Income Dynamics, 1968-2011.
Notes: Points refer to mean estimates and capped spikes refer to 95 percent confidence intervals of the
estimates. All other variables are fixed at their means.
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Figure 3. Heterogeneous Direct Effects of Parents’ and Grandparents’ Education on
Grandchildren’s Education by Family Structure and Race

Data sources: Panel Study of Income Dynamics, 1968-2011.

Notes: Points refer to mean estimates and capped spikes refer to 95 percent confidence intervals of the
estimates. GP refers to the grandparent effect. G2 and G3 refer to childhood family structure in parent and
grandchild generations respectively. 1P and 2P refer to single-parent and two-parent family respectively. All
the other variables are fixed at their means.
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Figure 4. Sensitivity Analyses for Effects of Grandparents’ Education on Grandchildren’s
Education under Various Assumptions about Strengths of Unobserved Variable W.

Notes: The parameter 8 can be roughly interpreted as the selection bias, or the correlation between w and x.
The parameter m refers to the intergenerational correlation between w; and wi+1. Specifically, | assume that the
unobserved variable W1 = 0 * x{,+ T * w/ + €; where w; and x;,, are standardized variables of w, and
X¢41. This figure shows only results from the sensitivity analysis when 6 = m. The bias-corrected estimates
for each value of the parameters are based on point estimates from 1,000 simulated samples. The vertical lines
refer to thresholds of the parameters below which the average grandparent effects are greater than zero.
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Figure Al. Hypothesized Causal Relationship with Unmeasured Generation-Varying Covariates

Notes: Xy = grandparents’ education, S; = childhood family structure of parents, X, = parents’ education, Sz =
childhood family structure of grandchildren, U, W = unmeasured variables, Y = grandchildren’s education. C =
exogeneous variables that influence Y, such as gender, race, region and age group. m refers to the selection
effect of the unobserved variable on education. € refers to the intergenerational transmission of the unobserved

variable.
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ONLINE SUPPLEMENT

This supplemental file consists of two parts. Part | includes results from auxiliary
analyses, which provide robustness checks regarding my conclusion about stronger
multigenerational educational ties in two-parent families especially among African Americans.
Part Il provides a simulation example to show differences between OLS and SNMM estimates,
as well as the unbiasedness of the SNMM estimates when some unobserved variables are
missing from the analysis.

PART I: AUXILIARY ANALYSIS
1. Model Misspecification

The SNMM estimates may be sensitive to different specifications of the causal and
residual functions in equations (6) and (9). Equation (6) and (9) are not saturated in the sense that
the two-way interaction between childhood family structure of parents and grandchildren, as well
as all three-way interactions are excluded from the model. Since X1 and X» are continuous
variables, | assume no interactions between X; and Xo. The results presented in Table S1 suggest
that fitting a saturated model does not change our conclusion about heterogeneous grandparent
effects among African Americans and homogeneous grandparent effects among whites. Because
none of these extra interactions are significant for African Americans and they add extra
complexity to the model, the original models are preferred.

2. Relative Mobility

Results in Table 4 show that the multigenerational transmission of educational status is
stronger in two-parent than single-parent families among the African Americans. To distinguish
between the transmission of multigenerational advantages and disadvantages, it is necessary to
consider relative educational mobility from grandparents to grandchildren by family structure
and race. A general trend shown in Table S2 suggests that African American families have
experienced more upward mobility from the grandparent to the parent and further to the
grandchild generations, as compared to white families. Thus, multigenerational correlation in
education between grandparents and grandchildren is less for African Americans (r = 0.11) than
for whites (r = 0.30). In addition, upward mobility was more prevalent from the grandparent to
the parent generation, than from the parent to the grandchild generation among African American
families. Given the time frame of the PSID data (1968-2011), the result confirms Hout and
Janus’s (2011) conclusion that—“what we do have is evidence that African Americans closed the
gap between themselves and whites between the 1950s and 1980s but have subsequently lost
most of the ground they gained.”

Table S3 further shows that the occurrence of upward mobility is higher among two-
parent households than single-parent households, especially for African Africans. More than 80
percent of African American families have experienced upward mobility from the grandparent to
the grandchild generation if the grandchildren grew up in two-parent families. The results
substantiate conclusions from the paper that grandparents have a stronger effect on

S-1



grandchildren’s education in two-parent families because these families are more capable of
maintaining their multigenerational advantages and gaining opportunities for achieving higher
education.

3. Paternal versus Maternal Grandparents and Grandfathers versus Grandmothers

As discussed earlier, analyses in Table 3 and 4 measure grandparents’ education based on
the highest year of schooling among grandparents whose information is available in PSID. It is
meaningful to further parcel out influences of different sets of grandparents. Tables S4 and S5
present results from SNMM additive models and interactive models for paternal grandparents,
maternal grandparents, grandfathers and grandmothers, respectively. Overall, the results show
little difference between the average direct effects of paternal and maternal grandparents or
between grandfathers and grandmothers. The heterogeneous grandparent effect for African
Americans are mostly explained by grandmother effects. Yet the sizes of grandfather samples and
paternal grandparent samples are much smaller than those for grandmother samples and maternal
grandmother samples, which means that the missing grandparent information in the PSID may
not be at random. Therefore, | consider these supplementary results as tentative. A refined
analyses would require data that follow both paternal and maternal sides of all families over
generations.

4. Heterogeneity within the Single-Parent Group

The definition of single-parent families in this paper may obscure heterogeneity within
the group. For example, African American grandchildren who grew up in single-parent families
are more likely to be born out of wedlock than white grandchildren, whereas the majority of
white grandchildren were children whose parents divorced rather than children from nonmarital
births. Thus, racial differences between grandparent effects may result from the unequal
distribution of grandchildren from divorced families and nonmarital families by race. To check
the robustness of results presented in Tables 3 and 4, 1 fit structural nested mean models for
African American and white families by restricting the single-parent group to only grandchildren
who experienced parental divorce. Results presented in Table S6 are consistent with those in
Tables 3 and 4, suggesting that on average, grandparents’ education has a greater effect on
grandchildren’s education in white families than in African American families. However, the
grandparent effect is particularly strong among African American families in which
grandchildren grew up in two-parent households, whereas it is largely homogeneous among
different types of white families.
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Table S1. SNMM Model Estimates for Direct Effects of Grandparents under Different Model

Specifications

African Americans Whites
Original Saturated Original Saturated
Intercept 8.473*** 8.742%** 7.212%** 6.296***
(0.387) (0.569) (0.449) (0.615)
Grandparent, G1
Education, X1 0.124*** 0.152*** 0.061** 0.089***
(0.029) (0.038) (0.020) (0.021)
Education*childhood -0.032 -0.094 -0.014 -0.018
1-parent household S; (0.032) (0.056) (0.036) (0.052)
Education*childhood -0.096** -0.131*** -0.040 -0.053
1-parent household S3 (0.031) (0.040) (0.027) (0.032)
Education* childhood - 0.102 - 0.063
1-parent household S, * (0.066) (0.074)
1-parent household Sz
Parent, G2
Childhood 1-parent 0.058 0.482 1.034 -0.991
household §(S,) (0.682) (1.112) (0.677) (1.080)
Education, X 0.255*** 0.239*** 0.420*** 0.429***
(0.028) (0.031) (0.028) (0.029)
Education*childhood 0.023 0.037 -0.098* 0.040
1-parent household in Sz (0.047) (0.075) (0.049) (0.070)
Education*childhood -0.024 -0.021 -0.038 0.007
1-parent household in Sz (0.046) (0.053) (0.039) (0.045)
Education* childhood - -0.008 - -0.259**
1-parent household Sy* (0.102) (0.099)
1-parent household S3
Grandchild, G3
Childhood 1-parent 0.554 0.857 0.429 -0.057
household §(S5) (0.618) (0.712) (0.493) (0.543)
1-parent household Sy* - -0.892 - 3.044*
1-parent household S3 (1.459) (1.332)
N 2,290 2,290 2,534 2,534

Data sources: Panel Study of Income Dynamics, 1968-2011.
Notes: Figures in the parentheses are standard errors. Standard errors for SNMM are obtained from 1,000
bootstrap samples. p* < .05, p** < .01, p*** < .001 (two-tailed tests). Coefficients of variables including age
groups, sex and current region are not presented in the table. The original models refer to ones reported in

Table 4.
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Table S2. Multigenerational Educational Mobility

African Americans (N = 2,290)

Grandparent- Parent-Grandchild Grandparent-
Parent Grandchild
Upward mobility 76.0 33.9 73.5
Immobility 14.8 27.2 13.0
Downward mobility 9.3 38.9 13.5
Total, % 100 100 100
Correlation 0.27 0.30 0.11
Whites (N = 2,534)
Grandparent- Parent-Grandchild Grandparent-
Parent Grandchild
Upward mobility 64.3 31.0 61.4
Immobility 22.5 21.7 17.3
Downward mobility 13.3 41.3 21.3
Total, % 100 100 100
Correlation 0.47 0.49 0.30

Data sources: Panel Study of Income Dynamics, 1968-2011.
Notes: Upward mobility means that grandchildren’s years of schooling are greater than parents’ or
grandparents’ years of schooling.



Table S3. Educational Mobility from Grandparent to Grandchild by Family Structure

Parents” and grandchildren’s childhood family structures

African Americans Single, Single Single, Two Two, Single Two, Two

Grandparent-Grandchild

Upward mobility, % 65.6 80.1 70.3 83.1
Immobility 12.7 12.7 14.7 10.3
Downward mobility 21.7 7.2 15.0 6.6
N 457 221 1,051 561
Chi-square 22.7T%** 34.7***
Parents” and grandchildren’s childhood family structures
Whites Single, Single Single, Two Two, Single Two, Two
Grandparent-Grandchild
Upward mobility, % 68.2 66.1 56.1 62.4
Immobility 10.8 16.5 17.4 18.3
Downward mobility 21.0 17.4 26.6 19.3
N 176 236 719 1,403
Chi-square 3.1 14.9%**

Data sources: Panel Study of Income Dynamics, 1968-2011.
Notes: Upward mobility means that grandchildren’s years of schooling are greater than parents’ or
grandparents’ years of schooling. p* < .05, p** < .01, p*** < .001 (Chi-square tests).



Table S4. Additive SNMM Model Estimates for Direct Effects of Grandparents’ Education on Grandchildren’s Education

African Americans Whites
Grandfather Grandmother Paternal Maternal Grandfather Grandmother Paternal Maternal
grandparent  grandparent grandparent  grandparent
Intercept 7.294*** 8.072*** 9.329*** 8.020*** 6.566*** 6.391*** 8.024*** 6.335***
(0.465) (0.349) (0.693) (0.459) (0.323) (0.286) (0.411) (0.362)
Grandparent, G;
Education, X 0.046** 0.031* 0.032 0.026 0.061*** 0.053*** 0.048* 0.080***
(0.016) (0.015) (0.031) (0.021) (0.014) (0.014) (0.021) (0.020)
Parent, G2
Education, X 0.328*** 0.293*** 0.223*** 0.305*** 0.436*** 0..449%*** 0.376*** 0.432%**
(0.032) (0.021) (0.043) (0.029) (0.023) (0.019) (0.026) (0.027)
Childhood 1-parent -0.238 -0.037 -0.149 -0.126 -0.641*** -0.510*** -0.402* -0.536***
household 6(S,) (0.178) (0.092) (0.195) (0.112) (0.154) (0.107) (0.180) (0.130)
Grandchild, G3
Childhood 1-parent -0.743*** -0.629*** -0.881*** -0.688*** -0.636*** -0.547*** -0.729%*** -0.580***
household 6(S3) (0.114) (0.092) (0.183) (0.112) (0.093) (0.083) (0.128) (0.110)
N 1,273 2,196 487 1,359 2,024 2,463 1,085 1,340

Data sources: Panel Study of Income Dynamics, 1968-2011.

Notes: Figures in the parentheses are standard errors. Standard errors for SNMM are obtained from 1,000 bootstrap samples. p* < .05, p** < .01, p***
< .001 (two-tailed tests). Coefficients of variables including age groups, sex and current region are not presented in the table. The parent’s education
refers to fathers’ education in the paternal grandparent models, mothers” education in the maternal grandparent models, and the parent with the higher
education in the grandfather models and grandmother models.
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Table S5. Interactive SNMM Model Estimates for Direct Effects of Grandparents’ Education on Grandchildren’s Education

African Americans Whites
Grandfathers Grandmothers Paternal Maternal Grandfathers  Grandmothers Paternal Maternal
grandparents  grandparents grandparents  grandparents
Intercept 7.130*** 8.412*** 9.534*** 7.976*** 6.936*** 7.136*** 8.198*** 7.361*%**
(0.694) (0.432) (0.936) (0.483) (0.479) (0.439) (0.422) (0.612)
Grandparent, G
Education, X3 0.084** 0.113*** 0.081 0.175%** 0.055** 0.062** 0.010 0.048
(0.029) (0.030) (0.056) (0.042) (0.019) (0.020) (0.035) (0.032)
Education*childhood -0.076 -0.025 -0.043 -0.029 0.003 -0.014 -0.009 -0.043
1-parent household S2 (0.051) (0.035) (0.068) (0.042) (0.056) (0.040) (0.068) (0.053)
Education*childhood -0.030 -0.087** -0.037 -0.150%*** -0.012 -0.040 0.012 -0.025
1-parent household S3 (0.032) (0.031) (0.061) (0.044) (0.030) (0.030) (0.048) (0.041)
Parent, G2
Education, Xz 0.321*** 0.266*** 0.116 0.299*** 0.432*** 0.425*** 0.417%** 0.433
(0.036) (0.030) (0.073) (0.040) (0.029) (0.028) (0.035) (0.035)
Childhood 1-parent 0.285 0.342 -1.114 1.276 1.336 0.754 2.247* 1.480
household §(S,) (1.155) (0.786) (1.556) (0.847) (1.090) (0.645) (1.045) (0.808)
Education*childhood 0.009 -0.008 -0.043 -0.078 -0.150 -0.078 -0.195* -0.115
1-parent household S; (0.101) (0.054) (0.068) (0.064) (0.095) (0.049) (0.082) (0.067)
Education*childhood 0.022 -0.016 -0.037 0.013 -0.018 -0.042 0.016 -0.047
1-parent household S3 (0.064) (0.046) (0.061) (0.060) (0.049) (0.041) (0.061) (0.059)
Grandchild, G3
Childhood 1-parent -0.801 0.371 -1.873 0.557 -0.268 0.460 -1.069 0.309
household §(S3) (0.802) (0.635) (1.320) (0.797) (0.592) (0.521) (0.729) (0.679)
N 1,273 2,196 487 1,359 2,024 2,463 1,085 1,340

Data sources: Panel Study of Income Dynamics, 1968-2011.

Notes: Figures in the parentheses are standard errors. Standard errors for SNMM are obtained from 1,000 bootstrap samples. p* < .05, p** < .01, p***
< .001 (two-tailed tests). Coefficients of age groups, sex and current region are not presented in the table. The parent’s education refers to fathers’
education in the paternal grandparent models, mothers’ education in the maternal grandparent models, and the parent with the higher education in the
grandfather models and grandmother models.
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Table S6. Additive and Interactive SNMM Estimates for Direct Effects of Grandparents’
Education on Grandchildren’s Education by Family Structure (Two-parent vs. Divorced)

African Americans Whites
Additive Interactive Additive Interactive
Intercept 8.059*** 8.018*** 6.545*** 7.191***
(0.473) (0.484) (0.314) (0.465)
Grandparent, G1
Education, X1 0.053* 0.142*** 0.070*** 0.077***
(0.021) (0.033) (0.015) (0.021)
Education*childhood - -0.066 - -0.017
divorced household S (0.053) (0.048)
Education*childhood - -0.109** - -0.032
divorced household S3 (0.041) (0.032)
Parent, G2
Childhood divorced household -0.008 1.004 -0.526*** 0.701
5(S,) (0.144) (1.249) (0.115) (0.740)
Education, X2 0.293*** 0.280*** 0.429*** 0.409***
(0.030) (0.035) (0.020) (0.030)
Education*childhood - -0.030 - -0.074
divorced household S (0.081) (0.056)
Education*childhood - 0.010 - -0.041
divorced household S3 (0.063) (0.045)
Grandchild, G3
Childhood divorced household -0.595*** 0.325 -0.503*** 0.412
5(S3) (0.127) (0.835) (0.087) (0.565)
N 1,146 1,146 2,301 2,301

Data sources: Panel Study of Income Dynamics, 1968-2011.
Notes: Figures in the parentheses are standard errors. Standard errors for SNMM are obtained from 1,000
bootstrap samples. p* < .05, p** < .01, p*** < .001 (two-tailed tests). Coefficients of age groups, sex and
current region are not presented in the table.



PART I1: OBTAINING SNMM ESTIMATES

To obtain the SNMM estimates for the direct effect of grandparents, | first assume that

E(lelfSZ'X2153)
= ﬂO + ,8152 + ,8253 + X1(183 + ﬂ452 + ,8553) + Xz(ﬂe + ﬁ752 + ﬁ853) + ﬁQC (Al)

Then I model S and Ss by the following equations based on the data generating process
shown in Figure 1.

E(S;1X1) = ag + a1 Xy (A2)
E(S31X1,82,X2) = Vo + V1 Xy + V2 Xo + So(v3 + v Xy + v5X3) (A3)
The residuals from the above two equations are
6(Sy) =S, —E(S;1X,) (A4)
6(S3) = S3 — E(S5]1X4,52,X5) (A5)
Substituting equation (A2)-(A5) into equation (A1), we obtain

E(Y|X1)SZJXZIS3)
= o + L1[6(S2) + ag + a1 X1] + F2[6(S3) +vo + Vi Xy + V2 Xo + Sa(vs +

YaX1 +¥sX2)] + X1 (B3 + BaSy + BsS3) + X2(Be + B7S2 + BsS3) + fo.C (A6)
= constant + 16(Sy) + f26(S3) + X1[(B5 + Bras + Bay1) + (Ba +v4)S2 +

BsS3] + X5 [(Be + B2y2) + (B7 +¥5)S2 + BsS3] + Boy3Sz + Bo.C (A7)
= constant + (1 + B2¥3)8(S;) + 26(S3) + X1[(B5 + fray + Boy1 +

B2v3a1) + (Ba +va)Sz + BsS3] + Xo[(Be + B2v2) + (B7 + ¥5)S2 + BgSs] + Bo.C (A8)

= 1o +116(S2) +126(S3) + X1(m3 + 14S2 + 1s5S3) + Xo(Me + 1752 + 1gS3) +
n9.C (A9)

where n, = By + B2¥3, N2 = P2, M3 = B3 + Bray + Bove + B2V3ay, Na = Pa + Va,

Ns = Bs, Ne = Lo + B2V2, N7 = Py + Vs, Ng = PBg, and ng. = Bo. Standard errors of the
coefficients in the second stage are needed to be estimated from bootstrap or delta methods

(Daniel et al. 2013). Note that we do not need to substitute S, by its residual in the interaction of
X and S in equation (A6) because the interaction transformation is deterministic and the
coefficient is not subject to the omitted variable bias caused by U.

Given the assumptions shown in Figure (1), §(S,) is no longer related to X; and thus
conditioning on 6(S,) does not lead to the collider bias due to the association between X1 and the
omitted factor U:. We also remove similar problems by using 6 (S3) instead of Ss. Additionally,
by conditioning on §(S,) and 6(S53), we do not control away part of the influences of X; on'Y
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that is associated with Sz and Ss. This is because the main effect of X1 on Y, namely n, is no
longer equal to S5, but subsumes an additional part §;a; + B.y1 + B2y3 @4, Which is generated
by the association between X1 and Sz and X1 and Ss estimated from equations (A2) and (A3)
respectively. Therefore, the SNMM estimates avoid the two problems of the standard regression
methods discussed earlier. The supplementary materials have provided a simulation example to
illustrate why the OLS estimates do not equal to the CDE of grandparents defined in equation (1)
and why we can obtain unbiased SNMM estimates even if U and W are unobserved.
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PART I11: A SIMULATION EXAMPLE OF SNMM ESTIMATES

I simulate a dataset based on the data generating process shown in Figure 1. This example
illustrates that we can obtain unbiased controlled direct effects (CDE) of grandparents using
structural nested mean models (SNMM) described in this paper even if we do not observe time-
varying variables U and W. The STATA codes are shown below.

clear all
set obs 5000
set seed 666666
gen ul = rnormal()
egen u2 = std(0.5*ul+rnormal())

gen wl = rnormal()
egen x1 = std(0.5*wl+rnormal())

egen s2 = std(0.5*x1+0.5*ul+rnormal())

gen w2 = rnormal()

egen x2 = std(0.5*x1+0.5*s2+0.5*w2+rnormal())

gen w3 = rnormal()

egen s3 = std(0.5*x2+0.5*s2+0.25*x1+0.5*w3+rnormal ())

gen x1s3 = x1 * s3 //interaction between x1 and s3

gen y = 0.5*x2+0.5*s3+0.25*s2+0.25*x1+0.25*x1s3+0.5*u2+0_5*w3+rnormal ()

/* step 1: regular OLS - additive model */
reg y x1 x2 s2 s3 //coef(x1) = 0.172
reg y x1 x2 s2 s3 u2 w3 //coef(x1) = 0.274

/* step 2: regular OLS - interactive model */
reg y X1 x2 s2 s3 x1s3 //coef(x1) = 0.170; coef(x1s3) = 0.233
reg y X1 x2 s2 s3 x1s3 u2 w3 //coef(x1) = 0.272; coef(x1s3)= 0.233

/* note: (1) the omitted variables will affect the OLS estimates of x1 */
/* because u2 is correlated with x1 and y when s2 and s3 are controlled*/
/*(2) the OLS estimates do not give us the CDE of grandparents we want */
/* because we control away the effect of x1 on y that is transmitted */
/* through s2 and s3; (3) the coefficient of x1s3 is not biased due to */
/* the omission of u2 and w3 because it is not correlated with both u2 */
/* (or w3) and y when s2 and s3 are controlled. 1°ve shown this point */
/* in Appendix A. */

/* step 3: SNMM - additive model */
/* remove X1 from S2 */

reg s2 x1

gen r_s2 = s2 - b[ _cons] - _b[x1]*x1

/* remove X1, X2, S2 from S3 */
reg s3 x1 x2 s2
gen r_s3 = s3 - b[_cons] - _b[s2]*s2 - b[x1]*x1 - b[x2]*x2

/* structural nested model */
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Xi: regy x1 x2 r_s2 r_s3 //coef(x1)=0.496 (assuming we don"t observe
u2 and w3)

Xi: reg y X1 x2 r_s2 r_s3 u2 w3 //coef(x1)=0.507 (assuming full
information for all variables)

/* step 4: SNMM - interactive model */

Xi: reg y x1 x2 r_s2 r_s3 x1s3 //coef(x1)= 0.493; coef(x1ls3)= 0.232

Xi: reg y x1 x2 r_s2 r_s3 x1s3 u2 w3 //coef(x1)= 0.503; coef(x1ls3)=
0.233

/* note: (1) the omitted variables u and w will not affect estimates */
/* of x1 and x1s3; (2) the snmm estimates are bigger than the OLS */
/* estimates because they do not remove parts of grandparent CDE */
/* that work through s2 and s3; (3)the estimates are slightly different*/
/* in models w/ and w/o u2 and w3 because the correlation between x1 */
/* and w3 and between x1 and u2 are not exactly equal to O in the */
/* simulated data. See this in the correlation matrix below. */

corr X1 X2 r_s2 r_s3 s2 s3 ul u2 wl w2 w3 y
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