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ABSTRACT OF THE DISSERTATION

Essays on Social Stratification in Multiple Generations

by

Xi Song
Doctor of Philosophy in Sociology
University of California, Los Angeles, 2015

Professor Robert Denis Mare, Chair

Transmission of status across generations is a central concern in studies of social stratification
and mobility. Most sociological research takes a two-generation approach to understand social
mobility from parents to children. Not until recently did mobility researchers acknowledge the
role of grandparents, who have become more involved in grandchildren’s lives because of
increasing human longevity, declining fertility, and the growing number of single-parent
families. My approach to multigenerational social mobility in this dissertation looks at the
importance of grandparents, but also looks beyond the grandparent generation including great
grandparents, relatives in kin networks, and even more remote ancestors. The three empirical
chapters take into account long family histories of social status that span from three to more than
ten generations. Findings from these chapters show that individuals’ social success is not

predetermined by their ancestry, but it nevertheless is influenced by ancestry.
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In recent years, sociological research investigating grandparent effects in three-generation
social mobility has proliferated, mostly focusing on the question of whether grandparents’
influence on grandchildren is all mediated by parents. In Chapter 2, I hypothesize that prior
research has overlooked an important factor that moderates grandparent effects: family structure.
Capitalizing 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’s educational attainment. Consistent with findings from several
prior studies, the results show that grandparents can directly transmit their educational
advantages to their grandchildren, independently of the parent generation. Further, this study
reveals that, for both African Americans and whites, grandparent effects are the strongest for
grandchildren who grew up in two-parent families, followed by those in single-parent families
with divorced parents. The weakest effect was marked in single-parent families with unmarried
parents. These findings suggest that the increasing diversity of family forms has led to diverging
social mobility trajectories for families across generations.

In Chapter 3, I investigate how families reproduce their social status by passing on
educational advantages to succeeding generations. Unlike traditional mobility studies that
typically focus on one-sex influences of fathers on sons, I rely on a two-sex approach that
accounts for marriage market interactions between males and females. This approach includes
educational assortative mating in both parent and grandparent generations and accounts for
intergenerational transmission of educational status through both the male and female sides of
families over three generations. Using data from the Panel Study of Income Dynamics, I
approach this issue from both a short-term and a long-term perspective. For the short term,

grandparents’ educational attainment has a direct influences on grandchildren’s education as well

il



as an indirect influence that is mediated by parents’ education and demographic behaviors. Over
the long term, initial educational advantages of families may benefit as many as three subsequent
generations, but such advantages are later offset by the lower fertility of highly educated persons.
Yet all families eventually achieve the same educational distribution of descendants because of
intermarriages between high- and low-education origin families.

In Chapter 4, I analyze representation by male descendants in subsequent generations as a
new social stratification outcome. Not only was continuity of the patrilineal descent line the
central focus of family reproductive strategy in historical China and many other patriarchal
societies, but in such societies, networks of patrilineal kin were a key unit of social organization
that influenced the life chances of their members. By analyzing two large prospective, multi-
generational demographic databases that provide complete pedigrees for males in more than
twenty thousand descent lines in eighteenth- and nineteenth-century China, this chapter shows
that the high status of a descent line founder increases his representation in later generations not
only because he has more sons but because his patrilineal descendants do so as well. The
elevated growth rate of high-origin descent lines emerged in the initial generation, then declined
slowly over the next 150 years before dissipating completely. Descendants of high-status males
therefore account for a disproportionately large share of the male population in later generations.
The results show that this advantage was attributable more to high-origin descent lines having a
lower probability of extinction at each point in time than to larger numbers of sons per surviving

descent member.

v



The dissertation of Xi Song is approved.
Cameron D. Campbell
Mark S. Handcock
Judith A. Seltzer

Robert Denis Mare, Committee Chair

University of California, Los Angeles

2015



TABLE OF CONTENTS

CHAPTER 1 INTRODUCTION .....cotiiiiiieiiii et 1

RETCTEIICES .ottt et oo e e e ettt e e e e e e e et e ee e eeeeeeeeeeeeea e eeeeeeeeeenntnaaeeeeeeeeens 7

CHAPTER 2 DIVERGING MOBILITY TRAJECTORIES: GRANDPARENT EFFECTS

ON EDUCATIONAL ATTAINMENT IN ONE- AND TWO-PARENT FAMILIES.......... 10
2.1 INTEOAUCTION ....uviii ettt e et e et e e e e et e e e e e et e e e e e s tbe e e e e eaabeeeesasbaeeeesnsaeeeeeanneeeeeanres 10
2.2 Grandparent Effect, Intergenerational Mobility, and Inequality ...........cccooviniiiiiiinnnns 14
2.3 Theoretical FTameWOTK ........ccoiuuiiiiiiiiiiiiiie it 17

2.3.1 Family Structure: A Mediator in Social MobItY ..o 17
2.3.2 Family Structure: A Moderator in Social Mobility ... 19
2.3.3The ROIE OF RACE .....cuviiiiiciei e 23
2.4 Data and Variables.........cccuuiiiiiiiiic ettt s e e e e e ares 24
O R D - | - VTSR 24
2.4.2 IMIBASUIES ...ttt etttk h et h et e e bt e b e e he e e b e e e se e et e e e me e e neeanr e e r e e nnn e e ne e 26
R\, 1511 Vo Yo LSRR ORI 30
2.5.1 Definitions of Controlled Direct EffeCtsS ........cccccvvvviviiiiieiiese e 30
2.5.2 ASSUMPLIONS .. .eevvieiieciieite ettt sttt te e e s e st e e te e s e e s teeteaneesaeebeeseesteenseannesneennas 31
2.5.3 IMOUEIS ...ttt b b n e bt nae s 32
2.5.4 Inverse Probability Treatment Weighting EStIMation .............ccoovvvivinieneienc s 34
2.0 RESUILS ...t e e e e e e e e e e e e e e e a e e e et e e e e nare e e e annrees 35
2.6.1 SAMPIE CharaCleriStICS ....uviiieiiiie et ere e 35
2.6.2 Average Direct Effect of GrandparentS..........ccouverieieienene s 37
2.6.3 Variation in Grandparent Effects Across Types of Family Structure ...............cccv.... 39
2.7 DISCUSSION ....uttiieeiiiiiee e e ittt e e eitteeeesetreeeesasbeeeeeabteseesaabeseeeaasaeeeeaastaseesasbeeeeeasneeeesassaneeeanrens 41
R O} 113 1) 3 T ) 4 FE PR PROOPRPPUURRRN: 45
2.9 ONIINE SUPPICIMENT ...eeiuviiiiiiiiiiiiiee ittt e e e et e e srb e e e nab e e s sbeeesbeeennnes 57
RETCIEICES ...t e e e e st e e e e s bt e e e e s aabae e e e sbae e e e e e aaeeeeeanres 82

CHAPTER 3 SHORT-TERM AND LONG-TERM EDUCATIONAL MOBILITY OF

FAMILIES: A TWO-SEX APPROACH .....ooiiiiiie et 96
3.1 INEFOAUCTION ..ttt b et b ettt he e e st e et e e e bt e b e e b e e nbeeeneeennee e 96
3.2 Short-Term and Long-Term Multigenerational Social Mobility ..........c.cccovvriviiiieiiiiiennenn. 99

vi



3.3 One-Sex Versus Two-Sex Mobility Approaches ..........cccooviieiiiiinieiiieiciecseee 101

3.4 Social and Demographic Mobility Models ..........ccccviiiiiiiiiiiiii e 103
3.4.1 0ONE-SEX APPIOACH ... 103
3.4.2 TWO-SEX APPIOACH ...ttt 105

3.5 Data and MEASUIES ......cccuviiuiieiiiiiiieriie ettt sttt e e b e s sn e nr e e snn e e nneesnneereas 108

3.6 Short-Term Multigenerational INfIUENCES .........c.cvvviiiiiiiiiiic e 110

3.7 Long-Term Multigenerational INfIUENCES ..........covvviiiiiiiiiii e 115

3.8 CONCIUSION. ...ttt b et s e b e e s mn e e b e e nnn e e nneeanneeneas 120

RETEIEIICES ...ttt ekttt b e s bt e e bt e et e e bt e e nbe e nbeesnbeenneas 140

..................................................................................................................................................... 145
o I 5 o Ta 10Tt 10 3 SRR 145
4.2 BACKGIOUNA ...t 148

4.2.1 Social Stratification, Demographic Differentials and Descent Line Dynamics......... 148
4.2.2 The ChiNESE CONTEXL ....c.viiiiiiiiieiie sttt ettt 152
4.3 Theoretical FrameWOTrK ..........ccoiiiiiiiiiiiii ettt e e erre e e e s enaree s 154
4.3.1 INItIal AQVANTAQE .....oovieeeciiecie e e e e ae e reenreenae 155
4.3.2 Permanent AQVANTAJE. ........cciuieiie ittt sta e e sre e naeenes 156
4.3.3 AdVaNtage DiSSIPAION.......cviiiiiieitiiteite sttt 157
4.4 ANAlYtic APPTOACH.....oiiiiiiiiiiei s 158
4.4.1 Modeling Stock and FIOW...........c.ccciiiiiiiieiie e 158
4.4.2 Modeling EXtinction and GrOWEN ............ccoiiiiiiiiiee e 161
4.5 Data and MEASUTES ........ccvrrrereeeeeiiiiiirreeeeeee et sestbrrreeeeeesssaiabbbareeesesssasbbbareeseeessssssrareeseeens 163
TN A D | - USSR P TP 163
A.5.2 IMIBASUIES ...ttt ettt ettt ettt et ekttt e b et e b e e e he e et e e shb e e be e s ab e et e e enb e e nbeeenbeeneas 165
.6 RESUILS ..oeiieii ittt e e e s e e e e e e s s e bbb r e e e e e e e a e bbb a e e e e e e e s e abarrraraaaeens 168
4.6.1 DESCIIPLIVE STALISTICS ...uveiviiiiieiiie ettt eae e aeenrees 168
4.6.2 Determinants of StOCK and FIOW .........c.coviiiiiiiieiiecce e 169
4.6.3 Extinction and Growth as Separate PrOCESSES........cccoviierirerirenieeee e 171
4.7 DIISCUSSION 11eeeeiuiiieeeiittteeeeeitteeeeeetteeeeaasteeeeeessbeeeeeasaeeeeaassaseeesastaaeeeasseeeeeassteeeessssaneeesassrneens 175
4.8 CONCIUSION. ....ciitiiie e it e e e ettt e e e ettt e e e e e e e et e e e e e bt e e e e e e bbeeeeeeabaaeeeasseeeeeansbeeeesantaaeeeaassrneens 179
RETEIEIICES ...ttt et e e e e e e s e bbb a e e e e ee e e s s s bbb bareeeeeeesenabbbareeeeeeens 201

vii



LIST OF TABLES

Table 2.1. Summary of the Two Mechanisms Through Which Family Structure Shapes the

Mobility Trajectories 0f FAMIIIES ........coviiiii e e 48
Table 2.2. Definitions of Family Structures by Parents’ Marital Status (Unmarried, Married,

Divorced/Separated/Widowed) Throughout Offspring’s Childhood at Ages 0-18 ..................... 49
Table 2.3. Sample Characteristics by Generation and RaCe...........c.ccovvviieinnniceerncee, 50

Table 2.4. Educational Attainment of Grandchildren by Multigenerational Types of Family
STTUCTUTE ...t b bbbt b bbbt b b et b et b et et ee 52

Table 2.5. Additive Model Estimates for Direct Effects of Grandparents’ Education on
Grandchildren’s Education based on Generalized Linear Mixed-Effects Models with Random
Intercepts (Regular) and Marginal Structural Models (MSM) .........ccccoveeeeeieeeeceeceeeeaes 53

Table 2.6. Interactive Model Estimates for Direct Effects of Grandparents’ Education on
Grandchildren’s Education by Family Structures across Generations based on Generalized
Linear Mixed-Effects Models with Random Intercepts (Regular) and Marginal Structural
MOUTEIS (IMSIM) ...ttt ettt s s s et sesenee 54

Appendix Table 2A Longitudinal Stabilized Inverse Probability of Treatment Weights........... 57

Appendix Table 2B Educational Attainment of Each Generation by Multigenerational Types of
FAMITY STIUCTUIE......ovveeeeeeeeectccceee sttt s s s s s s s sene 58

Appendix Table 2C Additive Model Estimates for Direct Effects of Grandparents’ Education
on Grandchildren’s Education based on Marginal Structural Models (MSM) of Generalized
Linear Mixed-Effects Models with Random INtercepts .........cccceeeeeerirerererirerisissseeee e 59

Appendix Table 2D Interactive Model Estimates for Direct Effects of Grandparents’ Education
on Grandchildren’s Education based on Marginal Structural Models (MSM) of Generalized
Linear Mixed-Effects Models with Random INtercepts .........ccoceveeeeirirerereririrrirseeeee e 60

Appendix Table 2E Additive Model Estimates for Direct Effects of Grandparents’ Education
on Grandchildren’s Education based on Generalized Linear Mixed-Effects Models with
Random Intercepts (Regular) and Marginal Structural Models (MSM) .......cccccoviervniinennenes 61

Appendix Table 2F. Interactive Model Estimates for Direct Effects of Grandparents’ Education
on Grandchildren’s Education by Family Structures across Generations based on Generalized
Linear Mixed-Effects Models with Random Intercepts (Regular) and Marginal Structural

MOGEIS (IMSIM) ...ttt bbbt b et se st e s b e se s b esese s sesess s esenas 63
Appendix Table 2G Marginal Structural Model Estimates for Direct Effects of Grandparents
by Family Structures across Generations under Various Model Specifications........................... 67

Appendix Table 2H Additive Model Estimates for Direct Effects of Grandparents’ Education
on Grandchildren’s Education based on the Complete Case Analysis.......c.ccccoceeererinerenererenenen. 71

viii



Appendix Table 2I Interactive Model Estimates for Direct Effects of Grandparents’ Education
on Grandchildren’s Education by Family Structures across Generations based on the Complete

CASE ANAIYSIS ...ttt b et bbbt a s a s e s s 72
Appendix Table 2J Multigenerational Educational Mobility.............ccoooviivvvincnieeeeeee, 75
Appendix Table 2K Educational Mobility from Grandparent to Grandchild by Family Structure
................................................................................................................................................................. 76
Table 3.1 One-Sex Multigenerational Marriage, Fertility, and Mobility Models for Men....... 125

Table 3.2 One-Sex Multigenerational Marriage, Fertility, and Mobility Models for Women.126
Table 3.3 Two-Sex Assortative Mating and Force of Attraction ............cccceeeveveececccccenne, 127
Table 3.4 Two-Sex Multigenerational Marriage and Fertility Models for Men and Women ..128
Table 3.5 Two-Sex Multigenerational Mobility Models for Men and Women aged 25-65.....130
Table 3.6 Short-Term Net and Total Social Reproduction EffectsS...........cccoceeveeeececcceennes 132
Table 3.7 Hypothetical Long-Term Mating and Mobility Rules (with differential fertility) ...133
Appendix Table 3A Summary Statistics of Demographic and Educational Characteristics by

GNEIALIONS ...ttt ettt ettt e s et e s e s e s e s e s e s e s e s e e e et e e e e 137
Appendix Table 3B Multigenerational Assortative Mating and Force of Attraction (the top 30
OF Qij OUL OF 4,006) .......oiieieeeieieieteteete ettt e s s 138
Appendix Table 3C Goodness-of-Fit Statistics for Two-Sex Multigenerational Mobility
IVIOTEIS ...ttt ettt 139

Table 4.1 Implications of Changes in Growth Equation Components for a Descent Line’s Share

OF the POPUIALION ...ttt 181
Table 4.2 Descriptive Statistics for Descent Line CharacCteristicCs ............cccoeeveveveveeveeveeeennes 182
Table 4.3 Regressions of Descent Line Sizes (StOCKS) ........ccovovvvviviririiirieieieeeereeee e 183
Table 4.4 Regressions of Descent Line Growth Rates (FIOWS) ..........ccccceveveveeveicccecccceenes 184
Table 4.5 Mixture Negative Binomial Regressions of Male Descendants Growth and

EXTINCTION ...ttt ettt s st s st tenne 185
Appendix Table 4A Regressions of Male Descendant STOCKS.............ccevvneicnnnnicceinines 192
Appendix Table 4B Regressions of Male Descendant FIOWS............ccceevrneiiennniniceeinnes 194

Appendix Table 4C Mixture Negative Binomial Regressions of Number of Male Descendants

X



LIST OF FIGURES

Figure 2.1. Temporal Ordering of Measures and a Hypothetical Causal Framework of
Multigenerational Social MODIITY ..........cccuiiiiiiii s 55

Figure 2.2. Heterogeneous Direct Effects of Parents’ and Grandparents’ Education on
Grandchildren’s Education by Family Structure and Race ..........cccccvvviiieiiiiiiiciiicce 56

Appendix Figure 2A A Hypothetical Causal Framework of Multigenerational Social Mobility
with Unmeasured Time-Varying Variables............ccooiiiiiiiiiic e 80

Appendix Figure 2B Sensitivity Analyses for Effects of Grandparents’ Education on
Grandchildren’s Education under Various Assumptions about the Strengths of Unobserved

VATTADIES ...ttt bbbt 81
Figure 3.1 Multigenerational Reproduction of College Education...............cccceeeviievieiineennen. 134
Figure 3.2 Multigenerational Reproduction of College Education based on Various Scenarios

of Mating and MODITItY RUIES............ooiiiii e 135
Figure 3.3 Taxonomy of Multigenerational Effects and Exemplary Studies .............cc.ccocveeee 136

Figure 4.1 Three Mechanisms for Effects of Founder’s Characteristics on Descent Line Growth

................................................................................................................................................. 186
Figure 4.2 Descent Line Size over Time, by Founder’s Status (CMGPD-IL) ...........ccccoeee 187
Figure 4.3 Descent Line Extinction by Founder’s Social Status: CMGPD-IL..............c.c..... 188
Figure 4.4 The Effect of Founder’s Status on Relative Descent Line Sizes and Growth Rates
OVEr TIME: CIMGPDIL .. 189
Figure 4.5 The Effect of Founder’s Status on Relative Descent Line Sizes and Growth Rates
OVEr TIME: CIMGPD-LIN ... s 190
Figure 4.6 Probability of Extinction in the Next 25 Years for High-origin and Low-origin
Descent lines: CMGPD-IL & CMGPD-LN.......c.cccoiiiiiiiiiiiceee et 191
Appendix Figure 4A Predicted Growth and Growth Rate of Different Regression Models:
CIMIGPD AL ettt bbb bbbttt b a s 199
Appendix Figure 4B Predicted Growth and Growth Rate of Different Regression Models:
CIMGPD LN ..ttt bbb bbb bbbt b et nn s 200



ACKNOWLEDGEMENTS

| feel very fortunate to have many amazing advisors, teachers, colleagues, and friends
whose generous support and guidance made this dissertation possible. Thanks are due first and
foremost to my dissertation chair, Rob Mare. Pursuing my graduate study at UCLA under the
supervision of Rob is the wisest decision | have ever made in my academic career. Numerous
discussions with Rob helped me hone every chapter of this dissertation. Special recognition also
goes to Cameron Campbell, to whom | owe many thanks for his influence on my intellectual
development both through our one-on-one meetings and weekly skype meetings with the Lee-
Campbell research group members. | am deeply grateful to Judy Seltzer, who has taught me
many important skills for doing good research through her attention to detail, insightful criticism,
and ability to see gaps in the literature. She has played an integral role in my academic training. |
am also indebted to Mark Handcock, who has nurtured my interest in analyzing the dynamics of
kin networks with statistical tools and challenged me to think about doing quantitative research
for a more interdisciplinary audience.

Many other sociology faculty members who did not serve on my dissertation committee
also have provided constant support over the years. Donald Treiman has given me valuable
suggestions on every aspect of academic life ranging from graduate school applications when |
first got to know him in my senior year in 2008 to retirement plans when | spoke with him about
my job offer very recently. | also would like to thank the late Suzanne Bianchi, from whom |
learned much about how to form research ideas, prepare data output, and interpret complicated
statistical results with sociological theories. Patrick Heuveline introduced me to formal

demographic theory and methods and has been very generous with his time every time | sought

X1



his help on demographic questions and academic advice. | am also grateful to Jennie Brand,
Kayuet Liu, and Megan Sweeney for guiding me both in and outside of their classes, providing
thoughtful comments on my presentations on various occasions, and helping me navigate the job
search process.

Outside of sociology, several faculty members have provided me with a constant source
of support, a critical perspective, or a combination of both. My special thanks go to Ying Nian
Wu, Arah Onyebuchi, Judea Pearl, Kenneth Land, and Janet Sinsheimer, all of whom contributed
to a substantial proportion of my quantitative training at UCLA and gave generously of their
time and expertise in answering my questions related to statistics, epidemiology, causal
inference, and population genetics. Yu Xie at the University of Michigan also deserves special
acknowledgement. Taking his regression class in my junior year in 2007 has a profound
influence on my academic life.

My academic life would have been much less meaningful without the friendship provided
by a large network of friends at UCLA. | would like to thank Benjamin Jarvis and Dwight Davis,
whose insightful comments and excellent editorial assistance have greatly improved this
dissertation. | am also thankful for my friends, Albert Wong, Amber Villalobos, Aolin Wang,
Daniel Conn, Esther Friedman, Jenjira Yahirun, Jessica Carbino, John Sullivan, Juli Simon
Thomas, Karra Greenberg, Krishna Bhogaonker, Matthew Fox, Max Tolkoff, Phi Su, Rahim
Kurwa, Ravaris Moore, Sung Park, William Rosales, Yana Kucheva, Yi Yi, and Yuxi Zhou for
providing a constant source of support during my academic journey and a welcome distraction
from the sometimes grinding work of academic research.

While conducting the analyses in this dissertation, | received support from the National

Science Foundation (SES-1260456). | would also like to acknowledge the support of the

X1l



California Center for Population Research (CCPR). CCPR is the intellectual home for many of
us. I have benefited greatly from its weekly seminars and training workshops, and the
administrative and technical support from its staff, Lucy Shao, Wendy Seybold, David Ash, and
many others, as well as its facilities and resources, which receives core support (R24-
HDO041022) from the Eunice Kennedy Shriver National Institute of Child Health and Human
Development (NICHD).

Special thanks are due to my husband, Peter Zhengpeng Zhang, who provided me with
countless meals as well as countless hours helping prepare tables, figures, and references. Lastly,
I would like to acknowledge my parents, Yi Song and Wei Wang, for their love and support.
While they have never asked me what the topic of my dissertation was, they knew that

intergenerational transfers of time, money, and values are crucial to one’s social mobility.

Acknowledgement for Specific Chapters

Chapter 2 is a slighted modified version of

Song, Xi. 2014. “Educational Mobility in Three Generations: Single-Parent and
Grandparent Effect.” Paper presented at the Annual Meeting of the Population
Association of America, Boston, MA.

I would like to thank Robert Mare for many helpful discussions at various stages of this paper,
Judith Seltzer for her advice about the Panel Study of Income Dynamics and the research
literature on single-parent families, Arah Onyebuchi, Judea Pearl, and Aolin Wang for
discussions about causal diagrams and causal models, Sung Park for her suggestions on the data
analysis, and Cameron Campbell, Dwight Davis, and Yu Xie for comments and editorial
assistance on early drafts. | am grateful to Benjamin Jarvis, Rahim Kurwa, James Lee, Kayuet,

Liu, John Sullivan, Donald Treiman, Amber Villalobos, Xiaolu Zang, and the ASR reviewers and

xiii



editors for their valuable suggestions. Versions of this paper were presented at the Population
Association of America Annual Meeting, Boston, MA, May 1-3, 2014; the UCLA family
working group, May 19, 2014, and the XVIII ISA World Congress of Sociology, Yokohama,
Japan, July 13-19, 2014. | am also grateful to audiences in the sociology departments of the

universities of Chicago, Michigan, Northwestern, UC Berkeley, and UCLA.

Chapter 3 is a slightly modified version of

Song, Xi and Robert D. Mare. “Short-Term and Long-Term Educational Mobility of
Families: A Two-Sex Approach.” CCPR Working Paper PWP-CCPR-2014-013.

I am grateful to Cameron Campbell, Hal Caswell, Thomas DiPrete, Mark Handcock, Benjamin
Jarvis, Sung Park, Judith Seltzer, Florencia Torche, and Shripad Tuljapurkar for their
suggestions. Earlier versions of this paper were presented at the biodemography workshop at
Stanford, May 6-8, 2013; the spring meeting of ISA Research Committee on Social Stratification
(RC28), Trento, May 16-18, 2013; and the annual meeting of the American Sociological

Association, August 10-13, 2013, New York.

Chapter 4 is a slightly modified version of:

Song, Xi, Cameron D. Campbell, and James Z. Lee. forthcoming. “Ancestry Matters:
Patrilineage Growth and Extinction.” American Sociological Review.

I would like to thank James Lee for making the CMGPD-Imperial Lineage data available for use
in this chapter. I am also grateful to Shuang Chen, Dwight Davis, Hao Dong, Joseph Ferrie,
Margot Jackson, Benjamin Jarvis, Byung-Ho Lee, Robert Mare, Matthew Noellert, Judith
Seltzer, Hongbo Wang, Linlan Wang, Yu Xie and Xiaolu Zang for their suggestions. Versions of

X1V



this paper were presented at the Population Association of America Annual Meeting, San
Francisco, CA, May 3-5, 2012; the University of Pennsylvania Population Studies Center,
Philadelphia, PA, October 8, 2012; the Social Science History Association Annual Meeting,
Vancouver, BC, November 1-4, 2012; and the California Institute of Technology Division of the
Humanities and Social Sciences, Pasadena, CA, March 1, 2013. Preparation and documentation
of the China Multi-Generational Panel Dataset-Liaoning (CMGPD-LN) for public release via
ICPSR Data Sharing for Demographic Research (DSDR) was supported by NICHD RO1
HDO057175-01A1 “Multi-Generation Family and Life History Panel Dataset” with funds from the

American Recovery and Reinvestment Act.

XV



VITA

2008 A.B. Sociology
Renmin University of China

2010 M.Phil. Social Science
Hong Kong University of Science and Technology

2013 M.S. Statistics
University of California, Los Angeles

2013 C.Phil. Sociology
University of California, Los Angeles

PUBLICATIONS

Song, Xi, Cameron D. Campbell, and James Z. Lee. Forthcoming. ”Ancestry Matters:
Patrilineage Growth and Extinction.” American Sociological Review.

Song,Xi and Robert D. Mare. Forthcoming. “Retrospective Versus Prospective Approaches to the
Study of Intergenerational Social Mobility.” Sociological Methods and Research.

Song, Xi and Yu Xie. 2014. “Market Transition Revisited: Changing Regimes of Housing
Inequality in China, 1988-2002.” Sociological Science 1:277-291.

Wu, Xiaogang and Xi Song. 2014. “Ethnic Stratification in China’s Economic Transition:
Evidence from Xinjiang Uyghur Autonomous Region.” Social Science Research 44:158-
172.

PRESENTATIONS

Song, Xi. 2014. “Educational Mobility in Three Generations: Single-Parent and Grandparent
Effect.” Annual Meeting of the Population Association of America, Boston, MA; Research
Committee on The Demographic Reproduction of Social Stratification at the XVIII ISA
World Congress of Sociology, Yokohama, Japan.

Song, Xi and Robert D. Mare. 2013. “Educational Mobility in Multiple Generations: A Two-Sex
Approach.” Research Committee on Social Stratification and Mobility (RC28) of the ISA,

XVi



Trento, Italy; Annual Meeting of the American Sociological Association, New York, NY;
Stanford Workshop in Biodemography.

Bianchi, Suzanne M., Judith A. Seltzer, and Xi Song. 2013. “Money and Time Transfers from
Parents to Adult Children in the United States: New Evidence on Between and Within
Family Differences from the June 2012 Survey of Consumer.” Annual Meeting of the
Population Association of America, New Orleans, LA; Research Committee on Social
Stratification and Mobility (RC28) of the ISA, Trento, Italy.

Song, Xi and Robert D. Mare. 2012. “Retrospective Versus Prospective Approaches to the Study
of Social Mobility.” Research Committee on Social Stratification and Mobility (RC28) of
the ISA, Hong Kong.

Song, Xi, Cameron D. Campbell, and James Z. Lee. 2012. “Descent Line Growth and Extinction
from a Multigenerational Perspective.” Annual Meeting of the Population Association of
America, San Francisco, CA.

Mare, Robert D. and Xi Song. 2011-2012. “Stratification in Multiple Generations.” Research
Committee on Social Stratification and Mobility (RC28) of the ISA, Towa City, [A; Annual
Meeting of the Population Association of America, San Francisco, CA; Research
Committee on Social Stratification and Mobility (RC28) of the ISA, Hong Kong.

Wu, Xiaogang and Xi Song. 2010. “Ethnic Stratification in China’s Labor Market: Evidence
from Xinjiang Uyghur Autonomous Region.” Research Committee on Social Stratification
and Mobility (RC28) of the ISA, Haifa, Israel.

Wu, Xiaogang and Xi Song. 2010. “Gender and Employment in Urban China’s Labor Market
Transition, 1982-2002.” Annual Meeting of the Population Association of America, Dallas,
TX.

Song, Xi. 2009. “The Shift of Housing Inequality and Its Regional Variations in Reform Era
China.” Research Committee on Social Stratification and Mobility (RC28) of the ISA,
Beijing, China.

Song, Xi. 2009. “Values and Modes of Conflict Resolution: A Portrait of the Chinese New

Middle Class.” Annual Meeting of the American Sociological Association, San Francisco,
CA.

Xvil



CHAPTER 1

Introduction

This dissertation focuses on a key question about the rise and fall of families: why do some
families successfully preserve their advantages over a long period of time while others fall into
oblivion? It is inspired by Robert D. Mare’s 2010 PAA presidential address, which called for
social and demographic research to go beyond the traditional two-generation paradigm and
examine the roles of grandparents, nonresident kin, and remote ancestors in influencing the
fortune and fate of families under different circumstances (Mare 2011). Key multigenerational
mechanisms include not only the transmission of genetic traits, socioeconomic status, and social
and cultural capitals within family lineages, but also demographic processes—such as mating,
reproduction and mortality—by which families grow, decline, or even die out. Under this broad
framework of multigenerational inequality, the three empirical chapters in this dissertation
illustrate patterns of family socioeconomic mobility in multiple generations as well as
demographic behaviors of families that determine the socioeconomic status distribution of
offspring in a later generation. Based on empirical evidence from several societies and historical
periods, the analyses discuss a wide variety of empirical multigenerational processes that vary
across socioeconomic groups, institutional contexts, and demographic regimes.

Transmission of social inequality across generations is a central concern in studies of social
stratification and mobility. Patterns and degrees of intergenerational status inheritance and
mobility reflect the openness of a society as well as the distribution of opportunities for upward

mobility. Sociologists have long considered social mobility an important indicator to assess the



relative importance of ascribed versus achieved attributes in the process of status attainment for
individuals (Blau and Duncan 1967). Traditionally, such studies rely on the association between
parents’ and offspring’s social standing, measured by occupational status, education, income, and
wealth. This approach has led to a large body of literature investigating the continuity and
disparity of social mobility patterns over time and across places (Diprete and Grusky 1990;
Duncan 1966; Erikson and Goldthorpe 1992; Featherman and Hauser 1978; Grusky and
Fukumoto 1989; Hauser et al. 1975; Hauser 1982; Hout 1988). Nevertheless, few of these studies
go beyond the two-generation paradigm and link short-term intergenerational inequality to the
persistence of inequality over multiple generations. This dissertation aims to contribute to
discussions on this topic.

The scarcity of research on multigenerational social inequality results from both theoretical
considerations and the lack of relevant empirical data. Early theories in social mobility assume
that if a stratification system is “Markovian,” an investigation of the two-generation pattern
suffices to explain mobility processes over multiple generations (Boudon 1973). Markovian, in
the context of social mobility, means that each generation only directly influences the
immediately following generation and has no direct effect on later generations. This assumption
implies that regardless of the amount of influence that parents have on their children’s outcomes,
they are incapable of influencing the outcomes of their grandchildren independently of the
parents. There is no “memory” in the system, so once a family loses its existing advantages, it
starts from scratch. Past research has seldom assessed the validity of the “Markovian”
assumption and largely neglected the possibility of temporal or institutional variations. If the
transmission of social status across multiple generations is non-Markovian, previous studies may

have ignored many important social mechanisms that reproduce and reinforce social inequality



across time and space. These non-Markovian mechanisms include, but are not limited to, the
direct net effect of grandparents, cumulative advantages (or disadvantages) of prior generations,
the legacy effect of remote ancestors who experienced extreme hardship or success, and the
supplementary effect of available nonresident kin in extended families.

A multigenerational analysis of social inequality requires researchers to develop new
methodological approaches that address complexity associated with the diversity of possible
multigenerational effects. A simple fact is that individuals have two parents, four grandparents,
and an exponentially increasing number of ancestors. The variety of possible multigenerational
effects will explode with the number of generations and the dimensions of influences that we
define, measure, and evaluate. For example, the strength and patterns of multigenerational effects
may vary by the types of independent variables that are used as a proxy of social standings. The
effect may be stronger if the variable of interest represents “stocks” of social advantages,
especially family property such as business, lands, or estates, than if it represents “flows” of
advantages such as income, education, and occupational position (Mare 2011). The effect may be
conditional on the types of dependent variables of interest, such as whether we measure social
attainment by the probability of status inheritance or the distribution of offspring in the social
hierarchy. In addition, multigenerational effects may vary across social settings and social strata.
Such effects may wane or be interrupted during periods of social transformation, during which
elites in a society are replaced. Multigenerational ties may be particularly important for families
located at the extreme top of the society, where families rely on their political connections or
economic capital rather than human capital to create opportunities for their offspring. The ties
may also be strong for families at the bottom of the society, where grandparents and extended kin

participate in childcare and help hold families together during hard times. Moreover, the



multigenerational effect may vary within families, 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 kin relatives to others and different mobility outcomes for sons and daughters.
The scarcity of multigenerational mobility research also results from the paucity of large-
scale, longitudinal empirical evidence in the past. Relevant prospective studies are rare because
the time required to record the history of several generations typically exceeds the lifespan of
most researchers. Most contemporary longitudinal studies only allow for analyses of life events
within one generation, since the cost of following multiple generations is extraordinarily large.
Fortunately, this data constraint may disappear with time, as more and more large-scale
prospective panels are emerging from many countries and populations. Examples of such panel
data include the Wisconsin Longitudinal Study (WLS, 1957), the Panel Study of Income
Dynamics (PSID, 1968) in the United States and newer panel studies in other countries such as
the British Household Panel Survey (BHPS, 1997), Canadian Survey of Labour and Income
Dynamics (SLID, 2012), Chinese Family Panel Studies (CFPS, 2010), German Socio-Economic
Panel (SOEP, 2000), Household, Income and Labour Dynamics in Australia (HILDA, 2002),
Korean Labour and Income Panel Study (KLIPS, 2012), and Swiss Household Panel (SHP,
2012). The second and the third chapters in this dissertation rely on multigenerational linked data
from the PSID, and the fourth chapter draws on evidence from historical family genealogies. The
approaches taken in these chapters are potentially applicable to other data resources as well,
though the duration of some panels is hitherto too short to permit a multigenerational analysis.
The arrangement of the remaining chapters is as follows. The second chapter discusses
multigenerational influences of grandparents’ education that creates, reproduces, and potentially

changes educational inequality among families in the grandchild generation. In particular, this



chapter emphasizes the distinct forms and meanings of multigenerational influences between
individuals who grew up in two-parent and one-parent families. Relying on a counterfactual
causal framework and multigenerational data from the PSID, I find that grandparent effects are
the strongest in two-parent families, followed by single-parent families with divorced parents,
with the weakest effect occurring in families with unmarried parents. Therefore, families that
have maintained intactness in family structure also maintain a high degree of similarity in
education across generations. These findings suggest that the increasing diversity of family forms
has led to diverging social mobility trajectories of families across generations.

The search for a tool to better describe multigenerational inequality mechanisms leads to
the third chapter, in which I discuss the potential limitations of a one-sex multigenerational
approach that only applies to men and their male descendants, and propose a two-sex approach
that considers male and female populations simultaneously. In demographic models, a two-sex
approach takes into account assortative mating between men and women in population growth
and change, whereas in mobility studies, a two-sex approach includes effects of both paternal
and maternal families in intergenerational mobility. My two-sex multigenerational approach
integrates both views. Relying on empirical data from the PSID, I show that grandfathers and
grandmothers have an equal influence on the social success of their progeny. Yet a population
projection shows that a lineage’s social advantages are not permanent. Generations of
intermarriages between high-status and low-status families eventually connect social ancestry of
all descendants in a population—a well-known phenomenon in population genetics that leads the
socioeconomic distributions of descendants of all families to eventually be identical.

The fourth chapter introduces the representation of an individual’s descendants in a later

population as a new measure of stratification outcome. The key research question is to



understand how initial inequality in social status in one generation leads to inequality in later
generations. Using data from more than twenty thousand patrilineal descent lines in historical
China, I find that patrilineages founded by high status males had higher growth rates for the next
150 years. I also show that the result is due more to families minimizing their probability of
extinction, namely by having at least one son at each point in time, than to families maximizing
their total number of sons. This paper provides an explanation for family reproductive success
from the perspective of social stratification, which is different from previous explanations from
anthropology, biology, and economics. Overall, based on abundant empirical evidence and
quantitative analyses, these three chapters will reveal some empirical long-term family strategies
of status transmission and demographic behaviors. They will fill in important gaps in our
understanding of the multigenerational stratification process that results in diverse

socioeconomic status trajectories of families.
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CHAPTER 2
Diverging Mobility Trajectories: Grandparent Effects on Educational Attainment in

One- and Two-Parent Families

2.1 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 in 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). These studies, however, exclusively focus on a comparison of the effects of grandparents
to those of parents, rather than heterogeneity in the grandparent effects within a society. By
contrast, this study situates the question of social mobility in the context of increasing family
instability and complexity (McLanahan and Percheski 2008; Tach 2015), which may have
created heterogeneous grandparent effects across various types of single- and two-parent
families.

The present study uses educational mobility as an example to examine (1) the direct

effect of grandparents’ education on grandchildren’s education and (2) variations in the direct
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effect by childhood family structures experienced by both parent and grandchild generations for
African American and white families in the United States. Borrowing terms from causal
mediation analysis (Baron and Kenny 1986; Pearl 2014), I distinguish between two mechanisms
through which family structure shapes the mobility trajectories of families: family structure that
mediates the effects of grandparents on parents and of parents on grandchildren, operating as a
bridge linking social statuses across generations; and family structure that moderates the direct
effect of grandparents on grandchildren, resulting in an interaction effect between family
structure and grandparent effects in social mobility processes. While previous studies have
extensively discussed the role of family structure as a mediator in the intergenerational or
multigenerational transmission of socioeconomic, psychological, and demographic
characteristics (e.g., Amato 2005; Aquilino 1996; Astone and McLanahan 1991; Duncan and
Duncan 1969; Furstenberg and Cherlin 1991; Ginther and Pollak 2004; McLanahan and
Sandefur 1994; Seltzer 1994), this study investigates the role of family structure as a moderator.
More specifically, I evaluate whether the direct effect of grandparents varies between single-
parent and two-parent families, such that the multigenerational persistence of educational status
is stronger in some family forms than others.

Although many definitions of family structures appear in the existing literature, I define
two-parent families as those in which both parents were married for the entirety of the offspring’s
childhood. I consider all other types of family structure to be single-parent families in which one
biological parent was often absent from the household and the other was widowed, divorced,
separated, remarried, or never married. Evidence has shown that by the early 2000s, nearly one
in two children lived in a single-parent household at some point before he or she reached age 18

(Ellwood and Jencks 2004). To address heterogeneity within single-parent families, I further
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differentiate between two subgroups: single-parent families in which parents were married at the
time of the birth of their child and single-parent families in which children were born outside of
marriage. While the first subgroup constitutes the majority of single-parent families, the second

subgroup has grown rapidly in recent years as a result of the “deinstitutionalization of marriage”
(Cherlin 2004).

Unlike previous studies that focus only on the effect of childhood family structure on
one’s educational attainment, I further investigate the effect of one’s parents’ childhood family
structures as well. The reason is that family history of hardship, not only family circumstances
during the childhood of the present generation, may have a legacy effect on children’s later life
outcomes (Sharkey and Elwert 2011; Wightman and Danziger 2014). If parents who grew up in
single-parent households raise their children in ways similar to how they were raised themselves,
or if grandparents who were single parents while raising their own children are also involved in
raising their grandchildren, family structure may have a lagged effect on the social outcomes of
subsequent generations. By simultaneously considering the trajectories of family structures and
the trajectories of families’ socioeconomic statuses, this study provides a fuller picture of the
relationship between family structure and the reproduction of social statuses across generations.
Overall, the analysis adjudicates among several competing hypotheses—that is, whether the
direct effect of grandparents is the same, bigger, or smaller in two-parent families than families
that experience single parenthood in any prior generations.

This study attempts to provide a causal interpretation for the varying effects of
grandparents across different family structures. Most previous studies of the intergenerational
transmission of social standing and the influences of family structure on children have been

criticized for their use of methods that fail to distinguish association from causation
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(McLanahan, Tach, and Schneider 2013). To address this limitation, the present study builds
upon a counterfactual causal graphical modeling framework and specifies assumptions to help
identify circumstances under which a statistical estimate linking grandparents’ and
grandchildren’s education can be interpreted as causal (Morgan and Winship 2014; Pearl 2009). I
adapt generalized linear mixed effects models with inverse probability weights, a method also
known as marginal structural models (MSMs) (Robins and Herndn 2009; Sharkey and Elwert
2011; VanderWeele 2015; Wodtke, Harding, and Elwert 2011), to estimate the direct grandparent
effect in a multigenerational model in which family members are nested across generations. The
method helps cope with unmeasured confounders and potential endogeneous selection bias
(Elwert and Winship 2014) caused by repeated measures of family characteristics over time. This
methodological framework is essentially an extension of the path-analysis approach widely used
in traditional social mobility studies (e.g., Alwin and Hauser 1975; Blau and Duncan 1967;
Duncan 1966a).

Drawing on data from the Panel Study of Income Dynamics, this study shows substantial
heterogeneity in grandparent effects on their grandchildren’s education associated with family
structure. The formation of single-parent families does not only truncate relations between
offspring and their noncustodial parents and grandparents (Cherlin and Furstenberg 1986;
Furstenberg 1990), but also reduces similarity in educational status across generations.
Specifically, grandparent effects are the strongest in two-parent families, followed by single-
parent families with divorced parents, with the weakest effect occurring in families with
unmarried parents. A further analysis stratified by race shows that these results hold for both
African Americans and whites. In addition, despite the legacy effect of the childhood family

structure of parents on offspring’s educational attainment, the childhood family structure of
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parents does not moderate the grandparent effect on grandchildren for either racial group.
Overall, findings from this study suggest that overlooking the growing complexity of family
forms would oversimplify our understanding of multigenerational social mobility processes. The
growth of single-parent families has not only led to “diverging destinies” of U.S. children as
suggested by McLanahan (2004) but also diverging mobility trajectories of U.S. families across

multiple generations.

2.2 GRANDPARENT EFFECT, INTERGENERATIONAL MOBILITY, AND
INEQUALITY

Traditional social mobility studies are built upon the two-generation paradigm introduced
by Blau and Duncan (1967) in their classic book The American Occupational Structure, and
subsequently followed by numerous replications and extensions (e.g., Featherman and Hauser
1978; Sewell and Hauser 1975). This two-generation approach focuses attention on parents’
effects on their offspring’s socioeconomic status, measured by the association between parents’
and their offspring’s education, income, and occupation. As Mare (2011) points out, the two-
generation approach suffices to explain mobility in three or more generations if grandparents do
not directly transmit socioeconomic status to their grandchildren, bypassing the parent
generation. Rather, the parent generation serves as the intermediary: Grandparents influence their
own children, who then guide and rear the grandchildren. Therefore, family influences across
three generations amount to the sum of the direct influences over two consecutive generations,
without lagged influences from grandparents to grandchildren—a representation of a Markov
chain process in social mobility, also known as the Markovian assumption (Bartholomew 1982;

Boudon 1973; Duncan 1966b; Hodge 1966; Singer and Spilerman 1976).
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Whether three-generation mobility is Markovian or not has important implications for our
understanding of the persistence of social inequality along family lines. In two-generation
mobility, a strong parent effect suggests that individuals’ social outcomes are heavily determined
by their family origins; thus children are likely to attain the same social status as their parents
and unlikely to fall far below or significantly outperform their parents (Blau and Duncan 1967;
Erikson and Goldthorpe 1992; Featherman and Hauser 1978). In three-generation mobility, if we
observe an additional effect of grandparents (namely a non-Markovian mobility regime), then
families in favorable social positions are likely to pass on their status advantages to their
progeny, whereas offspring from historically disadvantaged families face long-term difficulties
escaping from their family histories. As success breeds success or poverty breeds poverty,
families tend to perpetuate their high or low status across generations. A society with strong non-
Markovian grandparent effects thus offers fewer mobility opportunities for families to rise from
rags to riches across multiple generations than a society with a Markovian mobility regime.

In recent years, a growing number of empirical studies have tested the Markovian
assumption about the grandparent effect using multigenerational data. Increasing human life
expectancy has created many families in which grandparents live through a substantial portion of
their grandchildren’s childhood (Uhlenberg 1996). The concurrent trend of falling fertility has
further allowed grandparents to invest their limited time and financial resources in a relatively
small set of grandchildren (Bengtson 2001). Do these demographic trends indicate that
grandparents play an increasingly important role in their grandchildren’s social attainment?
Results from prior studies are mixed. Two studies, both using data from the Wisconsin
Longitudinal Studies, report that grandparents overall do not directly influence their

grandchildren’s educational outcomes (Warren and Hauser 1997; Jeger 2012). On the contrary,
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several studies drawing on evidence from the United Kingdom (Chan and Boliver 2013), China
(Zeng and Xie 2014), and nationally representative data from the United States (Hertel and
Groh-Samberg 2014; Wightman and Danziger 2014) present a challenge to the Markovian
assumption by showing that grandparents’ socioeconomic status can directly contribute to the
socioeconomic success of their grandchildren, bypassing the parent generation.

The aforementioned studies focus primarily on the average effect of grandparents in a
population, leaving aside the possibility of varying grandparent effects across social and
demographic subpopulations. The present study represents an explicit effort in exploring this
possibility by examining heterogeneity in grandparent effects associated with family forms. I
choose educational attainment as the outcome variable of interest, because education, as a
leading stratification variable in a contemporary society, is a main vehicle by which families
transmit their social status across generations (Blau and Duncan 1967), as well as a main social
determinant for a host of social outcomes, including occupational status, earnings, political
participation, and health (Fischer and Hout 2006). While the substantial expansion of higher
education has fostered growth in mobility opportunities (Goldin and Katz 2008), inequality in
educational mobility persists: the overall correlation in education between parents and offspring
has remained stable at about 0.4 since the 1960s (Hout and Janus 2011). Such stability, however,
is misleading because it is an average over various subgroups of family forms, each of which
may have different correlations. If the trends differ by family forms, the growth of single-parent
families has contributed a composition effect to the overall trend in intergenerational inequality
by giving more weight to single-parent families in more recent years than in the past (e.g.,

Bloome 2014; Maralani 2013; Mare 1997; Musick and Mare 2004). In this case, a relatively
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stable overall correlation over time may have concealed substantial heterogeneity among

subgroups with different family structures.

2.3 THEORETICAL FRAMEWORK

The theoretical framework of this paper juxtaposes two mechanisms through which
family structure shapes the mobility trajectories of families: one that mediates indirect influences
from grandparents to grandchildren through the parent generation and the other that modifies the
direct influence of grandparents. Table 2.1 provides a summary of theoretical definitions, graphic
illustrations, and representative work for the two mechanisms. Below, I illustrate these two

mechanisms with examples from the previous literature.

Table 2.1

2.3.1 Family Structure: A Mediator in Social Mobility

Sociologists have long recognized the importance of family structure as a mediator in the
intergenerational transmission of social status: Family structure serves as both a consequence of
parents’ educational attainment and a cause of children’s educational success. On the one hand,
single-parent families are more common among less educated parents than among better
educated parents, because low socioeconomic status is positively associated with premarital
birth, cohabitation, divorce, and living apart from one’s children (Bumpass and Lu 2000; Raley
and Bumpass 2003; Thornton, Axinn, and Xie 2008). On the other hand, growing up with a
single parent may have adverse effects on children’s educational outcomes later in life (Amato
2005; Aquilino 1996; Astone and McLanahan 1991; Biblarz and Raftery 1999; Duncan and
Duncan 1969; Ginther and Pollak 2004; Kim 2011; McLanahan and Sandefur 1994; Sandefur

and Wells 1999; Seltzer 1994). To further complicate the matter, the intervening role of family
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structure may further differ according to the timing of family disruption, the number of
disruptions and remarriages, and the duration of different types of family forms (Furstenberg,
Hoffman, and Shrestha 1995; Krein and Beller 1988; Wojtkiewicz 1993). As a result, family
structure mediates the total effect of an individual’s social origins on his or her social
destinations, creating extra barriers for those who were born into low social status families but
hope to achieve upward mobility.

There are several major explanations for the adverse effect of the single-parent family on
children’s educational outcomes. First, the economic deprivation explanation states that family
disruption depletes economic resources available to children, not only because parents no longer
pool resources but also because they often experience a job loss or slow income growth
following divorce (Brand and Thomas 2014; Thomson, Hanson, and McLanahan 1994). The
second major explanation suggests that family disruption often changes intergenerational
relationships. Single parents, especially mothers who continue to live with their children after the
family disruption, are often exposed to stressful circumstances, thus becoming less effective in
terms of parenting styles, which in turn has a negative impact on children’s academic
performance (Amato 2005). Instead of focusing on the role of mothers, the third explanation
stresses the consequences of the absence of fathers (Seltzer 1991) or “pathology of matriarchy”
(Duncan and Duncan 1969). According to this view, the absence of fathers as role models in
female-headed families affects the functioning of families, especially in children’s socialization.
Lastly, some research has weighed in with arguments about unobserved selection mechanisms—
factors that influence both family disruption and children’s educational outcomes, such as
parental conflict and antecedent attitudes toward marriage and childrearing—that generate a

spurious relationship between single parenthood and children’s wellbeing (Fomby and Cherlin
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2007; Sandefur and Wells 1999). Taken together, these explanations, however different they
seem, deliver a highly consistent conclusion: single parenthood is negatively associated with
children’s life course outcomes, especially in terms of their educational attainment in adulthood
(McLanahan et al. 2013).

The aforementioned mediating role of family structure for two-generation mobility may
operate for three-generation mobility as well. On the one hand, family structure in the parent
generation may intervene in the educational transmission from grandparents to parents to
grandchildren, leading to disadvantages for children growing up in single-parent families to
compound with generations. For example, compared to their two-parent counterparts, parents
who grew up with a single parent are more likely to receive less education, become single
parents themselves, and raise their children in ways similar to how they were raised themselves
(McLanahan and Bumpass 1988; Seltzer 1994; Thornton 1991; Wolfinger 1999; Wu and
Martinson 1993). Therefore, family structure mediates educational association between every
two consecutive generations in a multigenerational process. On the other hand, grandparents’
family structure may directly influence grandchildren’s educational attainment as a consequence
of a lingering effect of parents’ adverse childhood circumstances (Sharkey and Elwert 2011;

Wightman and Danziger 2014).

2.3.2 Family Structure: A Moderator in Social Mobility

The view of family structure as a mediator in the intergenerational transmission of social
status from parents to offspring does not capture heterogeneity in the direct effect of parents on
offspring across family forms. This paper examines whether family structure may also moderate
the strength of association between the social status of parents and offspring regardless of

whether the formation of family structure depends on parents’ socioeconomic characteristics or
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not. From a two-generation perspective, only a handful of studies have documented the role of
family structure as a moderator in the intergenerational mobility of occupational status (Biblarz
and Raftery 1993, 1999; Biblarz, Raftery, and Bucur 1997), educational achievement (Martin
2012), and income (Bjorklund and Chadwick 2003). Conclusions from these studies concur that
families with two biological parents facilitate the intergenerational transmission of
socioeconomic status, resulting in a stronger parent effect in two-parent families than in
alternative family forms. However, whether this conclusion can be extended to the case of three-
generation mobility remains an open question. Results from the limited amount of research on
this question are mixed. Below, I summarize previous empirical findings into three hypotheses
based on their prediction about the relative strength of the grandparent effect in one-parent and
two-parent families.

Stronger Grandparent Effects in Single-Parent Families. Family research characterizes
typical grandparents in single-parent families as “rescuers” or “family stabilizers” who raise their
grandchildren during episodes of need, in contrast to grandparents in two-parent families who
visit their grandchildren regularly but provide limited services (Bengtson 2001; Hogan,
Eggebeen, and Clogg 1993; Hunter and Taylor 1998). For example, less than 15 percent of
elderly parents reside with their adult children and grandchildren (Ruggles 2007), but 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). Family transitions into single parenthood often restructure grandparent-
grandchild relationships, thrusting some grandparents into active caregiving roles. Many

grandchildren develop a deeper relationship with one or more of their grandparents than they had
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with either set of grandparents prior to their parents’ marital disruption (Cherlin and Furstenberg
1986: 148-164; Swartz 2009).

With respect to educational outcomes, while children exposed to single-parent families
fare worse than do their two-parent counterparts (McLanahan and Sandefur 1994), the “latent
safety net” provided by grandparents as well as other kin often attenuate the impact of family
instability (Bengtson 2001). Many grandparents provide financial, emotional, and practical
support to their grandchildren on a regular basis, or even become their custodians (Fuller-
Thomson, Minkler, and Driver 1997; King and Elder 1997). Grandchildren may benefit from
their grandparents’ involvement, which compensates for diminished parental economic resources
and helps them cope with stresses caused by parents’ divorce or separation (Deleire and Kalil
2002; Denham and Smith 1989; Hayslip and Kaminski 2005). As a result, family crises may
activate the grandparent effect, generating a greater resemblance in social status between
grandparents and grandchildren in single-parent families than in two-parent families.

Stronger Grandparent Effects in Two-Parent Families. Most studies on grandparents in
single-parent families tend to focus on support from maternal grandparents, but fail to emphasize
diminished grandparental resources due to attenuated or broken paternal intergenerational ties
following parents’ divorce (Silverstein and Bengtson 1997). Because of intact kinship ties,
grandchildren in two-parent families potentially get exposure to all four of their grandparents, in
effect having access to a greater total amount of support. By contrast, grandchildren in single-
parent families may drift apart from two of their grandparents, in some cases losing the support
of the most helpful grandparents. In addition, the high involvement of maternal grandparents in
single-parent families rarely exceeds three years, the average duration between the dissolution of

the parental union and the formation of new households (Andersson 2002; Burton and Bengtson
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1985), and thus may not have a long-term effect on the educational attainment of the
grandchildren.

Even if the quantity of support provided by grandparents does not vary by family
structure, the quality of support often does. 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 often 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 and 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 apply to grandparenting styles in
single-parent families, especially among younger, low-income grandparents who have to juggle
work and childcare for their children and grandchildren (Hayslip and Kaminski 2005).

Furthermore, stronger grandparent effects in two-parent families may result from a
selection mechanism: Unobserved family characteristics, such as more traditional cultural values,
cohesive kinship relationships, and institutionalized family ties, may reduce the risk of divorce,
nonmarital childbearing, or cohabitation, while at the same time facilitating children’s
educational performance. Hence, the stronger grandparent effect in two-parent families may
result not from family structure per se but from these unobserved variables that sort families into
different family forms.

No Variations in Grandparent Effects Across Family Structures. Beyond the
aforementioned two hypotheses, it is also possible that the grandparent effect does not interact

with family structures, such that the multigenerational persistence of educational status is the
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same across all family forms. 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 (1986) characterized five grandparenting styles as
detached, passive, supportive, authoritative and influential, but they found that none of these
styles 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 or unimportant grandparents. Thus, on average, the grandparent effect on

grandchildren within each type of family structure is similar.

2.3.3 The Role of Race

The relationship between family structure and educational mobility may also be
intertwined with race (Fomby and Cherlin 2007; Maralani 2013). While the trends in educational
attainment between African Americans and whites have converged since the 1960s, their family
structures have diverged (Kao and Thompson 2003; Sweeney and Philips 2004). The proportion
of children under 18 living with their mother only has increased faster for African American
families, from around 20 percent in the 1960s to higher than 50 percent in the 2000s, as
compared to an increase from less than 10 percent to 20 percent for whites.! The discrepancy is
even more striking if single-father families and grandparent-headed families are also taken into
account. Single-parent families have become a dominant family form among African Americans,
and this partly explains trends in the perpetuation of poverty, lower education, and higher

unemployment over generations (Duncan 1968; Wilson 2012).

! Calculations based on data from U.S. Census Bureau, Decennial Census, 1960, and Current Population Survey,
Annual Social and Economic Supplements, 1968 to 2013.
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Previous social mobility studies have well documented that intergenerational inheritance
of social status is stronger for whites than for African Americans (e.g., Blau and Duncan 1967:
207-227; Duncan 1968; Featherman and Hauser 1976; Hout 1984). Put differently, compared to
whites, African American children are less likely to obtain the same level of education as their
parents. The reasons behind this are multifaceted. The weaker parent effect among African
Americans may result from the rapid increase in the upward educational mobility of African
American families from the 1950s to the 1980s. It may also be attributed to the effectiveness of
parenting skills within families or to social experiences, such as economic inequality, residential
segregation, parental unemployment and incarceration, or discrimination in the educational
system, that hinder African American parents from transmitting their educational status to
offspring (Featherman and Hauser 1978: 329-334; Hout and Janus 2011). To address the
potential three-way interactions among grandparent effects, family structure, and race, this study
analyzes African Americans and whites separately. Stratifying the analysis by race helps identify
the subpopulations in which the underlying heterogeneity of the grandparent effects is

particularly significant.

2.4 DATA AND VARIABLES
2.4.1 Data

The analysis draws upon data from the Panel Study of Income Dynamics (PSID, 1968-
2011), an ongoing longitudinal survey of roughly 5,000 American families (PSID Main
Interview User Manual 2013). The PSID project started with over 18,000 individuals in 1968 and
covered more than 70,000 individuals from 1968 to 2011. The project was conducted annually

until 1997 and biennially thereafter. The study follows targeted respondents according to a
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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 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 from non-immigrant families with their parents and
grandparents, based on their unique PSID interview ID. For most families, only one set of
parents and grandparents (either paternal or maternal) are available, because PSID only follows
family members of the original sample in 1968 and their progeny, but not spouses who later
marry into a PSID household. To obtain more information about the grandparents, I rely on
retrospective questions for the household heads and wives about their parents’ educational
information. However, if a grandchild was born outside of marriage 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.®

The final analytical sample is restricted to grandchildren who are aged 25 to 65 years old
in the most recent wave of the survey in 2011 and with nonmissing data on all education and

family structure variables. The sample includes 1,409 African American and white families and

2 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 the robustness of the results, I restricted my analysis to only families in the SRC sample, and
the results are largely consistent with those reported here.

3 Because there are less available grandparent observations in single-parent than in two-parent families, we may
have a less accurate measure of the highest years of schooling among all grandparents in single-parent families.
Thus, the results may suffer from a bias caused by measurement errors in the grandparent education variable, also
known as the attenuation bias. I would like to thank an anonymous reviewer for pointing out this problem.
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4,854 respondents in the grandchild generation. Missing data that arise from control variables,
such as occupational status, home ownership, and family income in grandparent and parent

generations, are replaced based on multiple imputation methods.*

2.4.2 Measures

Based on the causal inference literature on mediation, measures in longitudinal settings
fall into four categories: exposures (4), mediators (M), covariates (V, L, and C, also known as
confounders), and outcomes (Y), all of which can be time-varying or time-invariant. In the
multigenerational mobility framework of this study, all measures are considered generation-
varying or generation-invariant, while within-generation variation is ignored.® For example, the
analytical framework illustrated in Figure 2.1 assumes that educational attainment is constant
across the lifespan, but may vary across generations. Beyond a simple association of social status
across generations, the causal framework in Figure 2.1 provides a dynamic description of

processes that produce the association based on relationships among the four sets of variables.

Figure 2.1

The observed outcome variable Y; is the education of individual 7, a grandchild in

generation 3, measured by years of schooling. For the sake of simplicity, i is omitted in all the

4 The model results combine estimates and standard errors from 20 multiple imputed datasets to account for
uncertainty associated with missing data. The missing cases account for less than 20% of the whole sample. Model
estimates based on complete cases and multiple imputed datasets show similar results regarding the controlled direct
effects of grandparents. The results are also robust to different imputation methods. The imputation method adopted
in this study relies on multiple imputation chained equations with a predicted mean matching method for continuous
variables such as occupational status and family income, and binary logistic model for dichotomous variables, such
as home ownership and disability status. Other imputation methods, for example, the multivariate normal model
with a truncated regression approach, show results similar to those reported in this paper.

° This assumption maximizes the number of cases used in the analysis because missing data occur in multiple
measures of variables over time. This framework, however, can be easily extended to a more complex setting to
analyze intragenerational and intergenerational mobility jointly.
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following notations. Let A(2) = (A4(1), A(2)) denote the exposure variable, that is, individual i’s
family history of education, which is measured by the highest years of schooling among
grandparents in generation 1 and the higher years of schooling between parents in generation 2,
respectively. ® If information for some grandparents or parents is missing, the years of schooling
are measured among those whose information is available.

The history of childhood family structure M(2) = (M (1), M(2)) is treated as a
generation-varying mediator. The variable M measures types of family structure based on
parents’ marital status during a child’s childhood at ages 0 to 18. If parents were married
throughout a child’s entire childhood, then family structure is coded as a two-parent family;
otherwise, it would be a single-parent family. The single-parent family group consists of four
subgroups: parents were unmarried throughout a child’s entire childhood, parents were
unmarried at birth but were married at a later point and thereafter during a child’s childhood,
parents were unmarried at a child’s birth but were married and later divorced or separated, and
parents were married at birth but subsequently divorced or separated. The analysis combines the
first three subgroups of single-parent families, thus yielding three categories of family structure:
one-parent families with unmarried parents, one-parent families with divorced parents, and two-
parent intact families.

To define family structure across generations, M (1) is treated as a single-parent family in
generation 1 if either the father or the mother were raised in a single-parent household before he

or she reached age 18. Only when both parents spent their entire childhood in two-parent

® For example, if a family has two grandparents whose information is available, then X, refers to the education of
the grandparent with the higher level of education. I also experimented with using the average education rather than
the highest education of parents and grandparents. The results align with those presented below, although the results
are slightly less significant.
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families, M (1) is coded as a two-parent family. M (2) refers to parents’ family structure during
the grandchild’s childhood. To find out whether grandparents or parents were married during the
parents’ and grandchildren’s childhoods, I resort to the retrospective marriage history file 1985-
2011, which contains detailed information on the marriage timing and circumstances of all PSID
respondents.’

Covariates refer to variables that are not the analytical focus of this study, but the
omission of which may lead to biased estimates of exposures and mediators. I categorize these
variables into three mutually exclusive groups. First, the baseline or time-invariant covariates V
denote covariates that occur before the first exposure or that are transmitted across generations
without any mobility, but possibly influence all subsequent exposures, mediators, and covariates.
This study treats race as such a family-fixed variable, given the relatively few cases of interracial
marriages (64 cases) in the analytical sample. 8

Second, generation-varying covariates L denote variables that are affected by exposures
or by both exposures and mediators and, in turn, confound the mediator-outcome or exposure-
mediator relationship. In this study, covariates L include grandparents’ and parents’ family
income, disability status, home ownership, and occupational status. Family income measures
average total income from all family members over a child’s ages 0 to 18 and is adjusted to 2011
dollars using the Consumer Price Index published by the Bureau of Labor Statistics. The

dichotomous measure of disability status indicates the presence of physical disability or nervous

T Strictly speaking, the definition of family structure is based on parents’ marital status, rather than living
arrangements of children, because children in one-parent families may live with only grandparents, one single or
divorced parent, or two cohabiting parents.
8 The PSID only collected race of household heads and heads’ wives in its household sample, but not for every
individual in a household. For individuals who are neither household heads nor heads’ wives, I assume their races
are the same as those of the household heads. Given the low percentage of interracial marriages in the PSID, a
robustness check shows no differences in results from those presented in the paper if individuals’ races are defined
by those of the household heads’ wives.
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disorders reported by the household head in the family. Home ownership is also a dichotomous
measure indicating whether the family ever owned their home during an individual’s childhood.
Occupational status is the average socioeconomic index (SEI) scores of household heads and
wives, which are converted from the 1970 and 2000 census 3-digit occupational codes (Frederick
2010).°

The third category of covariates is covariates C, which only influence the outcome
variable Y but do not affect nor are affected by exposures and mediators. These variables include
gender, age group in 2011, religion, and current residential region' of grandchildren. Strictly
speaking, the omission of these variables will not affect whether the estimates of exposures and
mediators are unbiased if they are only associated with the outcome variable. However, the
inclusion of these variables can improve the efficiency of the estimation.

Some covariates that belong to either V, L, or C are omitted from the analysis because
measures of these variables are not available in the PSID data or are available only for certain
waves. For example, these variables include genetic traits, mental illness, social skills, drinking
and drug use behaviors, domestic violence, incarceration, and attitudes toward marriage and
nonmarital childbearing in each generation (Sandefur and Wells 1999). These variables are
categorized into unobserved confounders U or W. The variable U represents variables that are

only associated with covariates L, but not with exposures 4 and mediators M. For example, status

® The crosswalk from 1970 census occupational codes to SEI is also known as the Duncan SEI index
(http://www.ssc.wisc.edu/wlsresearch/documentation/appendices/E/memo122c.asc) (Hauser 1987). The crosswalk
from 2000 census occupational codes to SEI is based on Hauser and Warren total SEI reported in Frederick (2010,
Table 1).

10 The PSID defines four regions, the region of Northeast includes Connecticut, Maine, Massachusetts, New
Hampshire, New Jersey, New York, Pennsylvania, Rhode Island, and Vermont. The North central includes Illinois,
Indiana, Iowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, and
Wisconsin. The South includes Alabama, Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Maryland,
Mississippi, North Carolina, Oklahoma, South Carolina, Tennessee, Texas, Virginia, Washington, D.C., and West
Virginia. The West includes Arizona, California, Colorado, Idaho, Montana, Nevada, New Mexico, Oregon, Utah,
Washington, and Wyoming.
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of welfare receipt is related to education (4) only through family income (Z). The variable W
represents variables that are associated with exposures and mediators regardless of their
association with L—for example, education-enhancing traits. I discuss assumptions about these

unobserved variables in the next section.

2.5 METHODS

2.5.1 Definitions of Controlled Direct Effects

Building upon the path-analysis framework used in traditional mobility studies (e.g.,
Alwin and Hauser 1975; Duncan 1975; Featherman and Hauser 1976), the current analysis
partitions the effect of grandparents’ education into indirect effects and a net direct effect. While
it is impossible to outline all indirect effects from grandparents to grandchildren, this study
accounts for at least several important intervening factors that include grandparents’ and parents’
family structures, occupational status, income, home ownership, and disability status. The focus
of this study, however, is not to assess these indirect effects, but grandparents’ direct effect,
especially across various types of family forms.

Compared to traditional path analysis, the recent development in causal inference
provides a more general, yet rigorous way to define the direct effect based on counterfactual
arguments and directed acyclic graphs (Pearl 2001). I first denote Yz as the counterfactual
outcomes or potential outcomes if a family’s educational history A were set to @ and if its family
structure history M were set to m. Assume that we increase grandparent’s education from a*(1)
to a(1) and allow all future family changes to respond to this change. The direct effect of
grandparents refers to the increase in grandchildren’s education that is directly affected by this

change, instead of being mediated by other associated changes in family structure,
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socioeconomic status, or other covariates. A formal definition of the controlled direct effect of
grandparents is expressed as CDE;p = E [Ya(1),a(2),m — Ya*(l),a(z),rﬁ] (see Sobel 2008; Wang and
Sobel 2013 for more discussion about the definition).

The controlled direct effect is interpreted as the expected increase in the outcome Y as the
exposure changes from (a*(l), a(2)) to (a(l), a(Z)), while the mediators are set to the pre-
specified level M = (m(1), m(2)) uniformly over the entire population. The controlled direct
effect may depend on values of a(1) and a*(1) that we choose to compare and also on values to
which we fix the mediators m.!! If the controlled direct effect of grandparents varies across
types of family structure, we would observe the following inequality by comparing M =
(m(l), m(Z)) and M* = (m*(l), m*(Z)), in addition to many other possible comparisons.

CDE;p — CDEp

= E[Yayma@m@ ~ Yo' m@.a@m@] = E[Yawm @a@m @ ~ Yo' @m @.a@m @] % 0

2.5.2 Assumptions

The causal direct effect of grandparents is identified under two assumptions (Pearl 2001;
VanderWeele 2009). I formalize these assumptions in terms of counterfactual independence.
These assumptions are encoded into the directed acyclic graph displayed in Figure 2.1.

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

YmuA(t) W, At —1),L(t — 1), M(t - 1),C
This assumption requires that all confounders of the association between the exposure A

and the outcome Y are included in the model. When this assumption is violated, our estimates of

11 Furthermore, the controlled direct effect may vary across levels of a(2), if grandparents’ education A(1) interacts
with parent’s education A(2). Tests for model results in Table 5 show no evidence for such interactions in this study.
Given that education is treated as a continuous variable, such interactions would also be hard to interpret.
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A(t) are biased because of potential selection bias caused by unobserved variables that are
correlated with both the exposure and the outcome. Based on this assumption, the unobserved
variables W (1), W (3) that influence A(1) and A(2) need to be independent of Y.

(i1) No unmeasured confounders for the mediator-outcome relationship.

Vo | | M@V, 4@, L), Mt = 1, C

This assumption requires that all confounders of the association between the mediators M
and the outcome Y are included in the model. When assumption (ii) is violated, our estimates are
subject to a collider bias because controlling for the mediators would lead to a spurious
correlation between the exposure and the outcome due to the unobserved variables that are
correlated with both the mediator and the outcome (but potentially not with the exposure)
(Greenland, Pearl, and Robins 1999; Elwert and Winship 2014). For example, controlling for
M (1) would lead to an association between A(1) and W (2). If W (2) is further correlated to Y,
then our estimate of A(1) would be biased. Therefore, according to assumption (ii), the

unobserved variables W that influence M needs to be independent of Y.

2.5.3 Models
The analysis relies on the generalized linear mixed-effects model with random intercepts
(Raudenbush and Bryk 2002), which accounts for clustering of respondents in generation 3 from
the same family lineage. Let V;; be the ith respondent in generation 3 who is from family lineage
j. The interactive model written in matrix notation is
Level 1 (Individual level):
Y, = moj + Ajjmy + Myjm, + Lyms + Vijm, + Cijms + (A X Myj)me + €5 (1)
€;;~N(0,0%) i.i.d (2)
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The variable A represents a family trajectory of (A(1), ..., A(t)) (the same notation rule also
applies to M and L). Each of the coefficients T, (p = 1,2, ...,6) represents a set of regression
coefficients for the corresponding variable. The errors, €;;, are assumed to be independent and
homoscedastic.
Level 2 (Family lineage level):
moj~N(1y,0)7) i.i.d and €;; [ ] my; (3)

To account for heterogeneity in educational attainment associated with families, I assume that
each family lineage is independently and normally distributed with the same educational mean
T, and (between-family) variance o2

The interactive model provides estimates for the controlled direct effect of grandparents
across types of family structure. To estimate the average controlled direct effect of grandparents,
I rely on an additive model without the exposure-mediator interactions between 4; ; and M; j in
the Level 1 equation. For practical reasons, the model omits all interactions between covariates
and exposures or mediators, because they are not the focus of this study. A further model
specification test reported in the Online Appendix Table 2G also suggests no mediator-mediator
and exposure-exposure interactions.

In this traditional approach to mediation analysis, the control direct effect of grandparents
on grandchildren can be expressed as follows (Alwin and Hauser 1975):

CDEg,(m) = E[Y|a(1),a(2),m,1,v,c] - E[Y|a"(1),a(2),m, L, v, c]

= (nf(l) + ngl(l)*M) (a(1) —a*(1) (4)
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2.5.4 Inverse Probability Treatment Weighting Estimation

The grandparent effect estimated from the aforementioned regression approach, however,
does not necessarily provide a causal interpretation. Recent causal inference literature has
formalized assumptions for confounding control and generalized equation (4) to counterfactual-
based effects that can be estimated from statistical methods. Yet even if these assumptions, as we
discuss in the prior section, are satisfied, standard regression models may not provide unbiased
estimates of grandparent effects in a longitudinal setting with complex time-varying
confounding. For example, to estimate the effect of 4(1) on Y, we have to control for L(1);
otherwise, the unobserved variable U(1) would be associated with both M(1) and Y, and
assumption (ii) is violated. But controlling for L(1) causes another problem: a spurious
association between A4(1) and U(1) emerges because L(1) is a collider in the paths 4(1) = L(1)
< U(1), and therefore assumption (i) is violated due to this “collider-bias” (Elwert and Winship
2014).

A weighting technique provides an alternative approach to estimate controlled direct
effects in longitudinal settings (VanderWeele 2015: 153-168). Instead of regression adjustment,
time-varying covariates L are controlled for by inverse probability treatment weighting in the

final regression model. The overall weight for the grandchild i is

w; = ]l[wﬂt) xﬁw{"(t)

P(A()=a;(®)|a;(t—1),m;(t—1),v)

PAO =0 @G- Lc-1)y 2nd the

where the exposure weight at time £, w(t) =

P(M(t)=m;(t)|a;(t),m;(t—1),v)

. A _
PO =m0 O m-D Iy 1 particular, wi (1) = 1.

mediator weight at time ¢, w () =

These probabilities are estimated by multinomial logistic models for the exposures and

mediators. This weighting scheme requires that we include the baseline variable /" and covariates
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C of generation 3 (but not the generation-varying covariates L) into the final model as specified
in equations (1) to (3). The final model is also known as a marginal structural model (MSM)
because after the weighting, conditional distributions of the exposures and mediators no longer
depend on the time-varying covariates (Robins and Hernan 2009; VanderWeele 2009, 2015).
Online Appendix Table 2A shows a summary of these longitudinal stabilized inverse
probabilities of treatment weights.

Note that the model assumptions illustrated above and also illustrated in Figure 2.1
include no restrictions on the relationship between parents’ and grandparents’ unobserved
characteristics U—such as mental health, drinking and drug use behaviors—and their
socioeconomic characteristics L. These unobserved variables often cause problems in
conventional regression analyses, and previous studies have resorted to different analytical
strategies—for example, fixed-effect models (Cherlin, Chase-Lansdale, and McRae 1998) and
bivariate probit analysis (Astone and McLanahan 1991)—to either eliminate these unobserved
variables if they are time-invariant or incorporate correlations among these variables into the
model assumptions. In this study, these unobserved variables have no impact on our estimates of
the grandparent effects after we reweight the sample by the inverse probability weight and fit the

data with marginal structural models.

2.6 RESULTS

2.6.1 Sample Characteristics
Table 2.2 provides a detailed description of distributions of family structure in the
analytical sample. The descriptive statistics suggest that most African Americans and whites in

the parent generation grew up in traditional two-parent families. However, single-parent families,
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especially those with unmarried parents have become the prevailing family structure in the
grandchild generation for African Americans, but not for whites.*? Table 2.3 summarizes the full
sample characteristics by generation and race for all variables used in the analysis. On average,
African American families are disadvantaged in their educational attainments and other
socioeconomic indicators compared to those of whites in each generation. While the educational
gap between African American and white families from the parent to the grandchild generation
indicates 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 2.2
Table 2.3

Table 2.4 displays the link between grandchildren’s average years of schooling and types
of family structure. The results suggest several distinct disparities. First, years of schooling are
the highest among grandchildren who are raised in two-parent families, followed by those from
divorced families, and the lowest among those from nonmarital birth. Second, family structure
cannot explain away all racial disparities in education presented in Table 2.3, in that the
educational advantages of whites still prevail, even within the same type of family structure.
Third, intact family structures in two consecutive generations engender cumulative advantages to

grandchildren’s educational attainment, as compared to families that maintain only one

121 do not build duration into the definition of family structure because of substantial missing cases in the variables
of parents’ years of marriage and divorce. Future studies with more complete data may help unpack the role of
duration in each kind of family structure.

36



generation of family intactness. If both grandchildren and their parents grow up in two-parent
families, the grandchildren receive, on average, 13.9 years of schooling for whites and 13.1 years
for African Americans, the levels of education that are the highest among all types of family
structures. The Online Appendix Table 2B provides educational distributions by race and family

structures for the parent and grandparent generations.

Table 2.4

2.6.2 Average Direct Effect of Grandparents

Table 2.5 presents model estimates for the direct effect of grandparents on grandchildren,
based on both conventional hierarchical linear models and marginal structural models using
inverse probability treatment weights. The additive models test the Markovian assumption about
the grandparent effect, that is, whether grandparents’ education has a direct effect on
grandchildren’s education. Overall, the regular and the weighted estimates suggest that both
parents and grandparents can transmit appreciable educational advantages to their grandchildren
among both African Americans and whites. The average parent effect is significantly greater for
white families than for African American families (CDE,, = 0.354 versus 0.230). This result
aligns with findings from previous studies on racial patterns in two-generation mobility, which
suggests that African Americans are less likely to transmit their socioeconomic statuses across

generations (Duncan 1968; Featherman and Hauser 1978; Hout 1984; Hauser et al. 2000).

Table 2.5

Compared to the effect of parents’ education, the direct effect of grandparents’ education

is weaker. The amount of the grandparent effect is only one-fifth that of the parent effect. An
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interpretation of the result is that each one-year difference in grandparents’ education translates
into only 0.04 year difference in grandchildren’s education for African Americans and 0.07 year
difference for whites, everything else being equal. Because of the overlap of confidence
intervals, racial differences in grandparent effects are not statistically significant. While the
results reject a Markovian explanation for the absence of grandparent effects on grandchildren
for both races, the direct effect of grandparents is very small compared to the direct effect of
parents as well as various indirect effects of grandparents that are mediated by parents’ family
structure and education.

The coefficients for childhood family structure experienced by parents and grandchildren
(M; and M,) reflect that family structure may have a bigger impact on white grandchildren than
on African American grandchildren. African American grandchildren’s years of education are
associated with only their own childhood family structures, but not those of their parents,
whereas for whites, family structure experienced by parents during their childhood has a legacy
effect on children’s educational attainment. Everything else being equal, white grandchildren
who themselves or whose parents grew up with divorced or unmarried parents receive roughly
0.5 years less education than their two-parent counterparts. These patterns confirm earlier
findings from two-generation studies showing that educational deficits associated with single
parenthood are more pronounced for white than for African American children (Amato 2005;
McLanahan and Sandefur 1994). As discussed earlier, the coefficients of parents’ and
grandparents’ education and family structure have causal interpretations only when the model

assumptions about independence of unobserved variables U remain valid.
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2.6.3 Variation in Grandparent Effects Across Types of Family Structure

The interactive models in Table 2.6 show variations in grandparent effects by family
structure. Overall, the direct effect of grandparents’ education on grandchildren’s education
varies markedly across types of childhood family structure experienced by grandchildren but not
systematically by childhood family structure experienced by their parents. Specifically,
grandparents play a much more influential role in grandchildren’s education in two-parent
families than in families with divorced parents, and especially families with unmarried parents,
as suggested by the interaction coefficient between grandparents’ education and grandchildren’s
family structure (A X M,). The results hold for both racial groups but are especially striking for

African Americans.

Table 2.6

Figure 2.2

Figure 2.2 shows a diversity of grandparent effects by the types of family structure and
racial group, based on estimates from Table 2.6. Given the small number of single-parent
families in the grandparent generation and the insignificant effect of interactions between
grandparents’ family structure and education, the figure presents grandparent effects by varying
only parents’ family structure. The graph reveals several sets of findings that are not evident
from coefficients in Table 2.6. First, three-generation mobility is non-Markovian among two-
parent families but Markovian among families with children born to unmarried parents for both
racial groups. The estimated grandparent effect in families with divorced parents is close to that
of families with unmarried parents for African Americans, but close to that of two-parent

families for whites.
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Second, while the average parent and grandparent effects are both weaker among African
Americans than among whites, the grandparent effect is particularly strong among African
American families that have preserved intactness for two generations: The coefficient of the
effect, 0.13, is over half as large as the parent effect, 0.23. Yet such intact families constitute only
23.8 percent of African American families (see Table 2.4). For the majority, namely families that
experienced divorced or nonmarital birth in the grandchild generation but were intact in the
parent generation, the grandparent effect is negligible. Grandparent effects across the types of
family structure exhibit a similar, though less pronounced, trend for whites if we only focus on
the point estimates. A further statistical test, however, suggests no significant variations by race.

Third, we observe more variation in grandparent effects by family structure among
African Americans than among whites. One possible explanation is that two-parent families are a
more selective group among African Americans, resulting in a bigger contrast between two-
parent and single-parent families among African Americans than whites. However, that a large
proportion of confidence intervals of these estimates overlap indicates statistically insignificant
differences among these effects by race. In the online appendix, I further supplement the
analyses with a sensitivity analysis that shows the extent to which the causal argument is still
valid when some assumptions are violated. Overall, the sensitivity analysis indicates that the
magnitude of the intergenerational transmission of the unobserved variables (namely W) in
Figure 2.1), if there is any, would have to be very large to alter our inferences about the causal

effect of grandparents’ education on grandchildren’s education.
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2.7 DISCUSSION

Using multigenerational data from the Panel Study of Income Dynamics, this study tests
whether the direct effect of grandparents’ education on grandchildren’s education varies across
types of family structures. The analysis reveals two principal findings. First, consistent with
several recent studies, the results suggest a non-Markovian mechanism of grandparent effects—
that is, grandparents’ education directly influences their grandchildren’s educational
attainments—for all families as a whole and for both African American and white families
respectively. This finding also implies that even if grandparents fail to pass on their social status
to the parents, they can extend their influence and contribute to the status attainment of their
grandchildren. Consequently, 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 contrast to most studies that separate the formation of family structure from social
mobility, the second principal finding reveals substantial heterogeneity in the grandparent effect
associated with diverse household structures. Specifically, families that have maintained
intactness in family structure also maintain a high degree of similarity in education across
generations. The disparities of grandparent effects across family forms are especially evident for
African Americans. The stronger grandparent effect in two-parent families may be attributed to
explanations such as grandparents setting up trust funds for grandchildren’s education (Aldous
1995), providing practical or monetary support that fosters a better learning environment,
offering advice and discussing grandchildren’s academic problems (Cherlin and Furstenberg
1986), serving as role models, monitoring grandchildren’s school progress (DeLeire and Kalil

2002), and improving grandchildren’s educational prospects through the college admission
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legacy system (Karabel 2005). Additionally, grandparents’ roles can be simply symbolic—the
importance of grandparents may not lie in their actions but in “their presence and what they
mean for a family” (Bengtson 1985). Some of these mechanisms involve intergenerational
contact, interactions, and coresidence and thus are contingent on the survival of grandparents;
others may operate through social institutions and thus transcend individual lives. However, the
focus of this paper is not to delineate and evaluate these mechanisms but to quantify the
grandparent effect; therefore, I consider the aforementioned explanations for my results as
merely speculative.

Several limitations of the present study are worth noting. First, my results regarding the
non-Markovian mobility pattern may arise from grandparents’ and parents’ uncontrolled
characteristics. In dealing with these uncontrolled characteristics, this paper assumes that they
are independent, albeit not very likely, of variables that are included in the analysis based on the
two assumptions laid out in the paper. For example, parents’ personal characteristics, such as
commitment to marriage and family, may simultaneously influence family structure during
grandchildren’s childhoods and grandchildren’s educational attainment. Some previous research
based on two-generation studies has provided discussions on how to revise these assumptions
(e.g., Manski et al. 1992; McLanahan et al. 2013). A true causal effect of grandparents always
depends on our assumptions or beliefs about social processes that generate associations across
generations. Future research may help test the validity of the results presented in this paper by
directly measuring the intergenerational transmission of these unobserved variables.

Furthermore, the definition of grandparent effects does not take into account many factors
that may complicate the estimates of grandparent effects, such as grandparents’ ages (Silverstein

and Marenco 2001), number of living grandparents, family tradition of grandparent-grandchild
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relationships (King and Elder 1997), living arrangements (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 ages of grandchildren when their
parents separated or divorced. Likewise, our estimates of grandparent effects may further depend
on our definition of families’ social advantages. For example, the strength and patterns of
grandparent effects may vary by dimensions of social status, ranging from “stocks” of social
advantages such as businesses, 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 be conducive to stronger effects of some
grandparents relative to others and unequal mobility outcomes for grandsons and granddaughters
(Coall and Hertwig 2010; Uhlenberg and Hammill 1998).

Given the relatively small sample size and its related statistical power, this paper cannot
investigate temporal trends in grandparent effects. The analysis only provides a snapshot of
grandparent effects by pooling all respondents and their parents and grandparents in the PSID.
Therefore, strictly speaking, we cannot establish a causal relationship between demographic
changes in declining mortality and growing family complexity and the increasing importance of
grandparents over time. The substantial heterogeneity in grandparent effects associated with
family structure may result from increasing grandparent effects in two-parent families, or from a
composition change. Several studies have illustrated the later point: As the number of single-
parent families grows in a population (Bloome 2014; Musick and Mare 2004), the association

between grandparent effects and family structure eventually becomes detectable. Future
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multigenerational data that permit an analysis of the temporal trend in grandparent effects will
help adjudicate between these two possible explanations.

Finally, 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 effects of paternal and maternal grandparents or between grandfathers and grandmothers
in Table 2C. The results confirm Cherlin and Furstenberg’s (1986: 123-127) findings that
grandfathers and grandmothers are almost equally likely to visit their grandchildren, act like
parents, 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.” However, variations in the effects across family structures
presented in Table 2D are mostly associated with maternal grandparents and grandmothers,
especially among African Americans. This finding indicates that some sets of grandparents may
behave differently in one- and two-parent families. Given that the missing at random assumption
may be violated, I consider these supplementary results to be tentative. A refined analysis would
require data that follow both paternal and maternal sides of all families over generations.

American families are in transition, as are grandparents’ roles in grandchildren’s lives.
Results from this study suggest that the formation of single-parent families due to recent trends

in divorce, remarriage, and premarital and multipartner fertility has altered socioeconomic
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similarities 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 the roles of step-grandparents—whether they supplement or replace
the roles of biological kindred. The collective role of kin networks, rather than parents and

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

2.8 CONCLUSION

In a population, major changes in family organization may beget changes in social
stratification (Bengtson 2001). For example, changes in the increasing life expectancy of
grandparents and the declining prevalence of two-parent families may have far-reaching
consequences for how families create, reproduce, and potentially change their social standing
over generations. Along with several recent studies (e.g., Chan and Boliver 2013; Hertel and
Groh-Samberg 2014; Zeng and Xie 2014), this study shows the importance of grandparents’
roles in grandchildren’s social attainment—an opposing view to the Markovian assumption in
social mobility. Nonetheless, this study further points out that the decline in two-parent families
also has generated more American children who now live in families where the grandparent
effect in the transmission of social status is weak. In short, these two competing demographic
forces jointly drive the evolution of multigenerational social mobility patterns.

Within families, generations are connected not only by social status but also by
demographic behaviors (Lam 1986; Maralani 2013; Mare 1997; Mare and Maralani 2006;
Matras 1961, 1967; Preston 1974; Preston and Campbell 1993). As illustrated in this paper, the
formation of family structures mediates the association between the socioeconomic statuses of

parents and offspring, serving as a mechanism to reproduce class disparities. But more
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importantly, family disruption and reconstitution also modify status connections across
generations, placing children born into different types of family structures on different mobility
trajectories. Clearly, the family structures investigated in the present study represent only one
form of parents’ and grandparents’ demographic behaviors; other factors such as living
arrangements, assortative mating, family size, longevity, adoption, migration, and the timing of
these events may all influence the strength of intergenerational resemblance in social status
across multiple generations. Additionally, socioeconomic standing and demographic behaviors of
individuals within the same nuclear family as well as within a wider network of kin may be
intertwined (Mare 2015), leading to a spillover effect or a social contagion phenomena that is
often treated as a nuisance in traditional studies of social mobility but may pose a threat to our
mobility estimates when a causal interpretation is desired (Hong 2015; Manski 2013). All these
demographic complications bear implications for the ramification of social mobility trajectories
of families and present challenges for future research.

At the individual level, sociologists have long been intrigued by the question of who gets
ahead in social mobility (Jencks et al. 1979). As Hout (2015) points out, however, what we
should really be concerned about is “how the conditions and circumstances of early life constrain
adult success” rather than “who is moving up.” In the face of demographic changes, this appeal
requires us to expand the set of factors by which traditional social mobility studies define
individuals’ social origins. Family structure and grandparents’ socioeconomic characteristics are
two of these factors that have not been included in most social mobility studies because of their
marginal significance in the stratification process until recently. Building on these prior studies,
this paper takes a further step in showing that the interaction of these two factors also matters.

Still, many other factors that were once considered to be making limited or redundant
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contributions to individuals’ social origins may now independently or interactively determine
individuals’ social destinations. Investigating such factors as the roles of nonresident parents,
stepparents and grandparents, other biological or nonbiological kin, great-grandparents and

beyond, will further reveal how demography restructures social mobility processes.
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Table 2.1. Summary of the Two Mechanisms Through Which Family Structure Shapes the Mobility Trajectories of Families

The Role of Exemplary Work based on Focus of the
Family Structure Conceptual Interpretation * A Graphic [llustration Two-Generation Mobility Present Study?
Mediator In the classic causal mediation theory, a Family Structure e.g., Duncan and Duncan No

mediator is a third variables that accounts /" \ (1969); McLanahan and

for the relation between an independent Sandefur (1994)

variable and a dependent variable. Parents’ y Offspring’s

SES SES

Moderator A moderator is a third variable that “affects Parents’ SES \ e.g., Biblarz and Raftery Yes

the direction and/or strength of the
relation” between an independent variable
and a dependent variable.

Family Structure ——» Offspring’s

SES
Parents’ SES /

X
Family Structure

(1993), Martin (2012)

Notes: * Definitions provided by Baron and Kenny (1986).
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Table 2.2. Definitions of Family Structures by Parents’ Marital Status (Unmarried, Married, Divorced/Separated/ Widowed)
Throughout Offspring’s Childhood at Ages 0-18

Types of family Parents’ marital status when Percent in G2 Percent in G3
structure a child is at
Birth Age 1-18 All African Whites All African Whites
Americans Americans
(1a) One-parent, Unmarried Unmarried 2.5 4.8 0.4 11.2 22.0 1.3
unmarried
(1b) One-parent, Unmarried Married 1.1 1.6 0.8 5.6 9.1 2.5
unmarried
(1c) One-parent, Unmarried Divorced/separated/ 1.1 1.6 0.8 7.0 11.6 2.8
unmarried widowed/remarried
(2) One-parent, Married  Divorced/separated/ 18.2 22.0 14.6 26.3 23.7 28.7
divorced widowed/remarried
(3) Two-parent,  Married Married 77.1 70.1 83.5 49.9 33.7 64.6
intact
Total 100 100 100 100 100 100
(Observations) (4,854) (2,317) (2,537) (4,854) (2,317) (2,537)

Data sources: Multigenerational linked data from Panel Study of Income Dynamics (PSID), 1968-2011.

Notes: G2 and G3 refers to parents in generation 2 and grandchildren in generation 3 in the multigenerational sample, respectively. The sample is
restricted to grandchildren in G3 who are aged between 25 and 54. As the subsample of other racial and ethnic groups, such as Native Americans and
Asians, are underrepresented in the PSID data (< 3 percent), they are combined with whites into a single group. Parents’ marital status can be more
complicated than as it is presented above. For example, we can further differentiate between unmarried parents by their cohabitating status. Parents who
are divorced, separated, or widowed may remarry, cohabit with a partner, or stay single, and among those parents with new partners, they may have
children with their new partner, they may live with children from previous relationships, or their new partners may bring children from their previous
relationships to the household. Moreover, we can define marital statuses for fathers and mothers separately. Overall, the definition of family structure is
based on parents’ marital statuses during the childhood of a specific child, whereas parents’ marital histories before the birth of the child are ignored.
Results from such a “child-based” classification scheme may be inconsistent with those from a “family-based” classification, in which family structures
experienced by all children are considered (Ginther and Pollak 2004). Strictly speaking, children growing up with two biological parents who have no
other children from previous relationships may experience different grandparent effects from children growing up in blended families in which one or
both biological parents have children from previous relationships
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Table 2.3. Sample Characteristics by Generation and Race

Mean (S.D)
Variables African
All Americans Whites
Grandparents, generation 1
Grandparents’ highest years of schooling 10.6 (3.3) 9.5(3.1) 11.6 (3.2)
Family structure during G2’s childhood
% One-parent families, unmarried parents 4.8 7.9 1.9
% One-parent families, divorced parents 18.2 22.0 14.6
% Two-parent families 77.1 70.1 83.5
Disability 30.4 36.8 24.4
Occupational status (socioeconomic index) 28.4 (20.6) 18.0 (11.6) 37.8 (22.4)
Own home 67.8 52.6 81.7
Average family income during G2’s childhood 53,383 35,047 70,128
(36,407) (18,867) (40,296)
Parents, generation 2
Parents’ highest years of schooling 13.1(2.3) 12.5(2.1) 13.7 (2.4)
Family structure during G3’s childhood
% One-parent families, unmarried parents 23.8 42.6 6.6
% One-parent families, divorced parents 26.3 23.7 28.7
% Two-parent families 49.9 33.7 64.6
Disability 48.0 54.0 42.5
Occupational status (socioeconomic index) 34.3 (19.1) 27.3(14.9) 40.7 (20.3)
Own home 81.5 70.7 91.5
Average family income during G3’s childhood 61,778 40,071 81,601
(145,325) (25,240) (197,508)
Grandchild, generation 3
Years of schooling 13.0 (2.2) 12.5(2.1) 13.4 (2.2)
% Male 50.7 51.3 50.2
Age in 2011
% 25-34 54.6 49.5 59.2
% 35-44 36.5 38.2 34.9
% 45-54 6.4 8.9 4.1
% 55-65 2.5 3.4 1.7
Region
% Northeast 13.1 5.7 19.8
% North central 234 16.4 29.8
% South 50.3 71.6 30.8
% West 13.3 6.4 19.6
Religion
% Catholic 17.3 6.1 27.4
% Jewish 1.4 0.3 2.4
% Protestant 75.4 89.5 62.6
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% Others 59 4.1 7.6

Number of family lineages 1,409 571 838
Number of observations 4,854 2,317 2,537

Data sources: Multigenerational linked data from Panel Study of Income Dynamics (PSID), 1968-2011.
Notes: Figures in parentheses are standard deviations for continuous variables. The income data have been
adjusted to the level of year 2011 based on consumer price index (CPI) to account for the inflation that occurs
over time. The analytical sample is restricted to data with complete cases in variables of grandparents’ and
parents’ education, family structure, and grandchildren’s education. Multiple imputation replaces missing data
in variables of disability, occupational status, family income, and homeownership in grandparent and parent
generations. None of the other variables in the model have missing data. The model results combine estimates
and standard errors from 20 multiple imputed datasets to account for uncertainty associated with missing data.
The missing cases account for around 20% of the whole sample. The descriptive statistics are calculated based
on data from the first imputed dataset. Given the small number of families with mixed race, n = 64, they are
included into the African American sample.
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Table 2.4. Educational Attainment of Grandchildren by Multigenerational Types of Family Structure

Grandchildren’s Years of Schooling: Mean (S.D)

Family structure in G1 Family structure in G2 Family structure in both G1 and G2

Unmarried Divorced 2-parent Unmarried Divorced 2-parent Unmarried Divorced 2-parent

Full Sample 12.7 12.6 13.1 12.1 12.7 13.6 12.6 12.5 13.7
2.1 (2.1) (2.2) (1.9) 2.1 (2.2) (1.8) (1.9) (2.2)
N 231 881 3,742 1,156 1,278 2,420 113 218 1,951
Percent, % 4.8 18.1 77.1 23.8 26.3 49.9 2.3 4.5 40.2
African Americans 12.6 12.4 12.5 12.1 12.4 13.0 12.5 12.4 13.1
(2.0) 2.1 (2.1) (1.9 (2.0) (2.2) (1.8) (1.9) (2.2)
N 183 510 1,624 988 549 780 102 102 552
Percent, % 7.9 22.0 70.1 42.6 23.7 33.7 4.4 4.4 23.8
Whites 13.0 12.9 13.5 12.0 12.9 13.8 12.6 12.6 13.9
2.1 (2.1) (2.3) 2.1 2.1 (2.2) (1.9) (2.0) (2.2)
N 48 371 2,118 168 729 1,640 11 116 1,399
Percent, % 18.9 14.6 83.5 6.6 28.7 64.6 0.4 4.6 55.1

Data sources: Multigenerational linked data from Panel Study of Income Dynamics (PSID), 1968-2011.

Notes: For the sake of simplicity, the figures are calculated based on data from the first imputed dataset. The statistics are similar for the other 19 imputed
samples. When presenting the joint distribution of family structure in both G1 and G2, the table omits all categories except for those that have the same
structure in G1 and G2, namely both unmarried, divorced, and 2-parent.
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Table 2.5. Additive Model Estimates for Direct Effects of Grandparents’ Education on
Grandchildren’s Education based on Generalized Linear Mixed-Effects Models with Random
Intercepts (Regular) and Marginal Structural Models (MSM)

Full Sample African Americans Whites
Regular MSM Regular MSM Regular MSM
Grandparents, generation 1
Years of schooling (4;) 0.0267 0.063"" 0.028 0.043" 0.025 0.069™"
(0.013) (0.012) (0.018) (0.017) (0.019) (0.017)
Family structure (M)
(reference: two-parent)
One-parent, divorced -0.222"  -0.358™ -0.098 -0.188 -0.330"  -0.493™
(0.085) (0.094) (0.113) (0.135) (0.125) (0.127)
One-parent, unmarried 0.250t 0.116 0.289 0.213 0.303 0.059
(0.149) (0.167) (0.170) (0.191) (0.297) (0.325)
Parents, generation 2
Years of schooling (4,) 0.247"  0.296™ 0.178  0.230™ 0.294™  0.354™
(0.017) (0.018) (0.025) (0.027) (0.024) (0.024)
Family structure (M)
(reference: two-parent)
One-parent, divorced -0.502""  -0.520"" 04117 -0.575™ -0.418™  -0.427
(0.070) (0.076) (0.116) (0.116) (0.090) (0.103)
One-parent, unmarried -0.519""  -0.569"" -0.406™"  -0.605"" -0.539""  -0.612""
(0.083) (0.091) (0.107) (0.109) (0.162) (0.171)
Number of family lineages 1,409 1,409 571 571 838 838
Number of observations 4,854 4,854 2,317 2,317 2,537 2,537

Data sources: Multigenerational linked data from Panel Study of Income Dynamics, 1968-2011.

Notes: Figures in parentheses are robust standard errors from 20 imputed samples. pf < .1, p* <.05, p** <.01,
p*** <.001 (two-tailed tests). Coefficients of control variables including grandparents’ and parents’ disability
status, occupational status, family income, and homeownership as well as grandchildren’s age groups, sex,
region, and religion are not presented in the table. Full model results are presented in the Online Appendix
Table 2E.
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Table 2.6. Interactive Model Estimates for Direct Effects of Grandparents’ Education on
Grandchildren’s Education by Family Structures across Generations based on Generalized Linear
Mixed-Effects Models with Random Intercepts (Regular) and Marginal Structural Models

(MSM)
Full Sample African Americans Whites
Regular MSM Regular MSM Regular MSM
Grandparents, generation 1
Years of schooling (4;) 0.063™"  0.098™ 0.112"  0.134™ 0.0407 0.082""
(0.018) (0.019) (0.030)  (0.033) (0.024)  (0.025)
A, X Family structure in G1 (M)
(reference: two-parent)
One-parent, divorced -0.020 -0.038 -0.041 -0.063 0.012 0.009
(0.029) (0.030) (0.037)  (0.042) (0.046)  (0.053)
One-parent, unmarried 0.026 0.014 0.031 0.028 -0.015 -0.031
(0.044) (0.048) (0.055)  (0.062) (0.070)  (0.073)
Ay X Family structure in G2 (M)
(reference: two-parent)
One-parent, divorced -0.042+ -0.040 -0.100™  -0.102" -0.020 -0.019
(0.022) (0.025) (0.036)  (0.041) (0.030)  (0.036)
One-parent, unmarried -0.089™"  -0.096"" -0.118™ -0.123""  -0.099"  -0.107"
(0.025) (0.029) (0.033)  (0.038) (0.050)  (0.054)
Number of family lineages 1,409 1,409 571 571 838 838
Number of observations 4,854 4,854 2,317 2,317 2,537 2,537

Data sources: Multigenerational linked data from Panel Study of Income Dynamics, 1968-2011.

Notes: Figures in parentheses are robust standard errors. p7 < .1, p* <.05, p** < .01, p*** < .001 (two-tailed
tests). Coefficients of main effects of parents’ family structure and education as well as interactions between
parents’ education and family structure in G1 and G2 are omitted from the table. Coefficients of control
variables including grandparents’ and parents’ disability status, occupational status, family income, and
homeownership as well as grandchildren’s age groups, sex, region, and religion are not presented in the table.
Full model results are presented in the Online Appendix Table 2F.
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Birth Age 18
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Figure 2.1. Temporal Ordering of Measures and a Hypothetical Causal Framework of
Multigenerational Social Mobility

Notes: Aqy= G1’s educational attainment, M(1) = family structure in G1 during G2’ childhood, L) =
socioeconomic characteristics, such as family income, occupational status, home ownership, and disability
status in G1 during G2’ childhood, 42) = G2’ education, M2y = family structure in G2 during G3’s childhood,
U, W = unmeasured variables, ¥ = G3’s educational attainment. C = exogenous variables that influence Y, such
as gender and age group. V' = family invariant variables, such as race. Part (A) shows time points at which each
variable is measured during a person’s lifetime in a multigenerational framework. Part (B) shows the
hypothetical causal relationship among variables. The order of these variable measurements in the timeline
indicates the direction of causal effect. Relationships among variables are encoded in the directed acyclic
graph (DAG) above. For the sake of simplicity, the graph omits all the arrows pointing from A, L), M to Y.
According to the causal assumptions, the errors of Wy can be associated with each other, but have to be
independent of Y. The causal framework omits all intermediate variables between family structure and
offspring’s education, such as parenting behaviors, parent-child relationship, and parental investment in their
children’s education, so that effects of all these variables are absorbed into the effect of family structure. While
not explicitly shown in the graph, the strength of grandparent’s direct effect, i.e., the arrow pointing from A
to Y, may vary by the values of M()and M) according to the research hypothesis of this study.
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Figure 2.2. 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: The first two points in each subgraph refer to estimates of average parent and grandparent effects from
the additive models in Table 2.5. The other points refer to estimates of grandparent effects in each family form
from the interactive models in Table 2.6. Capped spikes refer to 95 percent confidence intervals of the
estimates. Variables M1 and M2 refer to family structure in the grandparent generation and parent generation
respectively. All the other variables are fixed at their means. Abbreviations refer to married parents (m.),
divorced parents (div.), and unmarried parents (unm.).
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2.9 ONLINE SUPPLEMENT

SUPPLEMENTARY TABLES

Appendix Table 2A Longitudinal Stabilized Inverse Probability of Treatment Weights

Percentile
Stabilized treatment weights (SW) Mean S.D 15t 25t 75t 99th
Parents’ education, 4, .98 .39 45 .85 1.04 1.96
Grandparents’ family structure, M 1.00 .39 .58 .92 1.04 1.79
Parents’ family structure, M, 1.00 31 53 .83 1.08 2.28
Total weights SWy, X SWy X SWy, .98 57 .30 71 1.09 2.89

Data sources: Multigenerational linked data from Panel Study of Income Dynamics (PSID), 1968-2011.

Notes: For the sake of simplicity, the figures are calculated based on data from the first imputed dataset. The

statistics are similar for the other 19 imputed samples. The stabilized treatment weights for all A, is 1.
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Appendix Table 2B Educational Attainment of Each Generation by Multigenerational Types of Family Structure

Years of Schooling: Mean (S.D)

Family structure in G1 Family structure in G2 Family structure in both G1 and G2

Unmarried Divorced  2-parent Unmarried Divorced  2-parent Unmarried Divorced  2-parent

Full Sample

Grandparent, G1 9.0 10.3 10.8 9.6 10.6 11.1 9.2 10.7 11.3
(3.6) (3.0 (3.3) (3.0 (3.5) (3.2) (3.1 (2.9) (3.2)
Parent, G2 12.7 12.9 13.2 12.1 12.9 13.8 12.0 13.1 13.9
(2.4) (2.3) (2.3) (2.0) (2.4) (2.2) (2.1) (2.2) (2.2)
Grandchild, G3 12.7 12.6 13.1 12.1 12.7 13.6 12.6 12.5 13.7
(2.1) (2.1) (2.2) (1.9) (2.1) (2.2) (1.8) (1.9) (2.2)
N 231 881 3,742 1,156 1,278 2,420 113 218 1,951
African Americans
Grandparent, G1 9.1 9.9 9.5 9.6 9.6 9.4 9.3 10.8 9.6
(3.3) (3.2) (3.0) (2.9 (3.3) (3.0) (3.0 (3.2) (2.9
Parent, G2 12.7 12.5 12.5 12.1 12.7 13.0 12.1 13.4 13.1
(2.4) (2.3) (2.1) (1.9) (2.2) (2.2) (2.1) (1.8) (2.1)
Grandchild, G3 12.6 12.4 12.5 12.1 12.4 13.0 12.5 12.4 13.1
(2.0) 2.1 (2.1) (1.9) (2.0) (2.2) (1.8) (1.9) (2.2)
N 183 510 1,624 988 549 780 102 102 552
Whites
Grandparent, G1 8.8 10.9 11.7 9.7 11.3 11.9 8.2 10.6 12.0
4.5) (2.6) (3.2) (3.6) (3.4) (3.0) (4.0) (2.6) (3.0
Parent, G2 12.4 13.5 13.7 12.0 13.0 14.1 11.2 12.9 14.2
(2.5) (2.2) (2.4) (2.4) (2.5) 2.1 (2.2) (2.4) (2.2)
Grandchild, G3 13.0 12.9 13.5 12.0 12.9 13.8 12.6 12.6 13.9
2.1 2.1) (2.3) 2.1 2.1 (2.2) (1.9) (2.0) (2.2)
N 48 371 2,118 168 729 1,640 11 116 1,399

Data sources: Multigenerational linked data from Panel Study of Income Dynamics (PSID), 1968-2011.
Notes: For the sake of simplicity, the figures are calculated based on data from the first imputed dataset. The statistics are similar for the other 19 imputed
samples.
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Appendix Table 2C Additive Model Estimates for Direct Effects of Grandparents’ Education on Grandchildren’s Education based on
Marginal Structural Models (MSM) of Generalized Linear Mixed-Effects Models with Random Intercepts

African Americans Whites
Paternal Maternal Grandfather =~ Grandmother Paternal Maternal ~ Grandfather Grandmother
grandparent  grandparent grandparent  grandparent
Grandparents, generation 1
Years of schooling (4;) 0.045 0.038" 0.044" 0.049" 0.076™ 0.067" 0.080™" 0.060™"
(0.033) (0.019) (0.019) (0.019) (0.025) (0.023) (0.018) (0.019)
Family structure (M;)
(ref: two-parent)
One-parent, divorced -0.033 -0.161 -0.341 -0.196 -0.472" -0.496"" -0.579" -0.473""
(0.222) (0.145) (0.224) (0.138) (0.221) (0.155) (0.183) (0.129)
One-parent, unmarried 0.072 0.3817 0.658" 0.195 -0.177 -0.010 -0.077 -0.052
(0.323) (0.203) (0.313) (0.199) (0.390) (0.399) (0.476) (0.337)
Parents, generation 2
Years of schooling (4,) 0.245™" 0.251™ 0.274™ 0.230™" 0.381" 0.382" 0.368"™" 0.373""
(0.046) (0.032) (0.041) (0.029) (0.036) (0.032) (0.029) (0.025)
Family structure (M)
(ref: two-parent)
One-parent, divorced -0.574™ -0.572"" -0.598™" -0.576"" -0.650°"" -0.2307 -0.517" -0.430""
(0.209) (0.140) (0.147) (0.120) (0.170) (0.127) (0.115) (0.106)
One-parent, unmarried -0.983"" -0.525™ -0.6407"" -0.578" -0.756" -0.494° -0.549" -0.721°
(0.231) (0.134) (0.142) (0.111) (0.386) (0.195) (0.218) (0.170)
Number of family lineages 215 516 341 553 449 605 675 816
Number of observations 569 1,803 1,287 2,220 1,112 1,499 2,021 2,461

Data sources: Multigenerational linked data from Panel Study of Income Dynamics, 1968-2011.

Notes: Figures in parentheses are standard errors from 20 imputed samples. pf < .1, p* <.05, p** <.01, p*** <.001 (two-tailed tests). Coefficients of
control variables including grandparents’ and parents’ disability status, occupational status, family income, and homeownership as well as parents’ age

groups, sex, region, and religion, are not presented in the table.



Appendix Table 2D Interactive Model Estimates for Direct Effects of Grandparents’ Education on Grandchildren’s Education based
on Marginal Structural Models (MSM) of Generalized Linear Mixed-Effects Models with Random Intercepts

African Americans Whites
Paternal Maternal Grandfather =~ Grandmother Paternal Maternal ~ Grandfather Grandmother
grandparent  grandparent grandparent  grandparent
Grandparents, generation 1
Years of schooling (4;) 0.105" 0.143™ 0.078* 0.125™ 0.069" 0.098" 0.080"" 0.077"
(0.052) (0.041) (0.031) (0.035) (0.032) (0.032) (0.021) (0.026)
A; X Family structure in
G1 (M;) (reference: two-
parent)
One-parent, divorced -0.114™" -0.058 -0.115% -0.040 0.077 -0.062 0.022 0.005
(0.071) (0.045) (0.066) (0.045) (0.085) (0.064) (0.060) (0.053)
One-parent, unmarried  0.065 -0.002 -0.068 0.084 -0.090 0.049 -0.003 -0.028
(0.068) (0.075) (0.069) (0.073) (0.058) (0.091) (0.148) (0.069)
A4 X Family structure in
G2 (M) (reference: two-
parent)
One-parent, divorced -0.047 -0.112° -0.040 -0.104" 0.021 -0.034 0.026 -0.038
(0.084) (0.046) (0.040) (0.044) (0.050) (0.044) (0.034) (0.039)
One-parent, unmarried  -0.056 -0.129™ -0.018 -0.124™ -0.236% -0.120° -0.103% -0.093+
(0.066) (0.046) (0.042) (0.039) (0.126) (0.060) (0.062) (0.055)
Number of families 215 516 341 553 449 605 675 816
Number of observations 569 1,803 1,287 2,220 1,112 1,499 2,021 2,461

Data sources: Multigenerational linked data from Panel Study of Income Dynamics, 1968-2011.

Notes: Figures in parentheses are standard errors from 20 imputed samples. pt < .1, p* <.05, p** <.01, p*** <.001 (two-tailed tests). Coefficients of
control variables including grandparents’ and parents’ disability status, occupational status, family income, and homeownership as well as parents’ age
groups, sex, region, and religion, are not presented in the table.

60



Appendix Table 2E Additive Model Estimates for Direct Effects of Grandparents’ Education on
Grandchildren’s Education based on Generalized Linear Mixed-Effects Models with Random
Intercepts (Regular) and Marginal Structural Models (MSM)

Full Sample African Americans Whites
Regular MSM Regular MSM Regular MSM
Grandparents, generation 1
Years of schooling (4;) 0.0267 0.063™" 0.028 0.043" 0.025 0.069™"
(0.013) (0.012) (0.018) (0.017) (0.019) (0.017)
Family structure (M)
(ref: two-parent)
One-parent, divorced -0.222"  -0.358" -0.098 -0.188 -0.330"  -0.493"
(0.085) (0.094) (0.113) (0.135) (0.125) (0.127)
One-parent, unmarried 0.250 0.116 0.289+ 0.213 0.303 0.059
(0.149) (0.167) (0.170) (0.191) (0.297) (0.325)
Disability -0.187" - -0.034 - -0.326" -
(0.083) (0.107) (0.123)

Occupational status 0.001 - -0.000 - -0.000 -
(socioeconomic index) (0.002) (0.005) (0.003)

Own home 0.033 - 0.120 - -0.020 -

(0.090) (0.113) (0.149)
Average family income 5.80%10° - 3.11%¥10°° - 5.15%10°° -
during G2’s childhood (1.37%10°) (3.05*%10°) (1.52%10°)
Parents, generation 2
Years of schooling (4,) 0.247" 0.296" 0.178™  0.230™ 0.294™" 0354
(0.017) (0.018) (0.025) (0.027) (0.024) (0.024)
Family structure (M)
(ref: two-parent)
One-parent, divorced -0.505™"  -0.520"" 04117 -0.575™ -0.4187 04277
(0.070) (0.076) (0.116) (0.116) (0.090) (0.103)
One-parent, unmarried -0.522""  -0.569"" -0.406™"  -0.605"" -0.539""  -0.612""
(0.083) (0.091) (0.107) (0.109) (0.162) (0.171)
Disability -0.181" - -0.099 - -0.222" -
(0.060) (0.086) (0.083)

Occupational status 0.010™ - 0.005 - 0.009™" -
(socioeconomic index) (0.002) (0.004) (0.003)

Own home 0.269"" - 0.158 - 0.300" -

(0.082) (0.102) (0.147)

Average family income ~ -3.98%107 - 8.87*10° - -4.63*107 -
during G2’s childhood (1.99%107) (2.24*%10°) (2.00%107)
Grandchildren, generation 3

African Americans 0.035 -0.201° - - - -

(0.088) (0.089)
Female 06757  0.6717" 0.844™"  0.834™" 0.534™" 0535
(0.053) (0.054) (0.077) (0.077) (0.072) (0.074)
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Appendix Table 2E (Cont.)

Age group (ref: 25-34)
35-44

45-54
55-65

Religion (ref: Catholic)
Jewish

Protestant
Others

Region (ref: Northeast)
North central

South
West
Intercept

Number of family lineages
Number of observations

0.120"
(0.061)
0.122
(0.127)
0.719™
(0.191)

0.318
(0.293)
0.005
(0.099)
-0.122
(0.159)

0.106
(0.116)
-0.054
(0.111)
-0.142
(0.130)
8.585™
(0.275)

1,409
4,854

0.106
(0.066)
0.177
(0.137)
0.748™
(0.214)

0.725"
(0.307)
-0.070
(0.103)
-0.243
(0.173)

0.089
(0.123)
-0.105
(0.118)
-0.149
(0.135)
8.530
(0.297)

1,409
4,854

0.168+
(0.089)
0.005
(0.160)
0.756™"
(0.246)

-0.543
(0.872)
0.117
(0.204)
0.178
(0.300)

-0.144
(0.226)
0.051
(0.204)
-0.121
(0.265)
8.949"
(0.456)

571
2,317

0.144
(0.092)
0.043
(0.177)
0.706"
(0.285)

-0.290
(0.418)
-0.005
(0.227)
0.003
(0.326)

-0.210
(0.233)
-0.057
(0.213)
-0.205
(0.262)

9.254""
(0.523)

571
2,317

0.091
(0.083)
0.297
(0.208)
0.598+
(0.308)

0.335
(0.313)
-0.017
(0.114)
-0.176
(0.187)

0.209
(0.137)
-0.146
(0.136)
-0.170
(0.149)
8.213"
(0.375)

838
2,537

0.085
(0.096)
0.425"
(0.189)
0.717"
(0.261)

0.670"
(0.324)
-0.099
(0.114)
-0.307
(0.198)

0.201
(0.142)
-0.165
(0.143)
-0.138
(0.155)

7.736""
(0.367)

838
2,537

Data sources: Multigenerational linked data from Panel Study of Income Dynamics, 1968-2011.
Notes: Figures in the parentheses are robust standard errors from 20 imputed samples. pt < .1, p* < .05, p**

<.01, p*** <.001 (two-tailed tests). The final marginal structural models do not include covariates

grandparents’ and parents’ disability status, occupational status, family income, and homeownership because
they are used to construct the inverse probability weights and do not bias our estimates of exposure variables,
namely grandparents’ education, after the weighting.
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Appendix Table 2F. Interactive Model Estimates for Direct Effects of Grandparents’ Education
on Grandchildren’s Education by Family Structures across Generations based on Generalized
Linear Mixed-Effects Models with Random Intercepts (Regular) and Marginal Structural Models

(MSM)
Full Sample African Americans Whites
Regular MSM Regular MSM Regular MSM
Grandparents, generation 1
Years of schooling (4;) 0.063™" 0.098™" 0.112"  0.134™ 0.0407 0.082""
(0.018) (0.019) (0.030)  (0.033) (0.024)  (0.025)
Family structure in G1 (M,)
(ref: two-parent)
One-parent, divorced 0.921° 1.328" 0.029 0.484 1.3647 1.5937
(0.469) (0.523) (0.627)  (0.769) (0.773)  (0.855)
One-parent, unmarried 0.711 0.846 -0.192 -0.139 1.024 1.166
(0.802) (1.100) (0.973)  (1.341) (1.447)  (1.233)
A; X Family structure in
G1 (M) (ref: two-parent)
One-parent, divorced -0.020 -0.038 -0.041 -0.063 0.012 0.007
(0.029) (0.030) (0.037)  (0.042) (0.046)  (0.052)
One-parent, unmarried 0.026 0.014 0.031 0.028 -0.015 -0.026
(0.044) (0.048) (0.055)  (0.062) (0.071)  (0.072)
A4 X Family structure in G2
(M,) (ref: two-parent)
One-parent, divorced -0.0427 -0.040 -0.100"  -0.102" -0.020 -0.019
(0.022) (0.025) (0.036)  (0.041) (0.030)  (0.036)
One-parent, unmarried -0.089™" -0.096"" -0.118™"  -0.123" -0.099° -0.107°
(0.025) (0.029) (0.033) (0.038) (0.050)  (0.054)
Disability -0.178° - -0.053 - -0.316" -
(0.083) (0.107) (0.123)
Occupational status 0.001 - 0.001 - 0.001 -
(socioeconomic index) (0.002) (0.005) (0.003)
Own home 0.036 - 0.124 - -0.012 -
(0.090) (0.113) (0.147)
Average family income 5.25%10°" - 2.52*10°° - -4.95%10°%" -
during G2’s childhood (1.37*%10°) (3.03*%10) (1.53*%10)
Parents, generation 2
Years of schooling (4,) 0.283™ 0.353™ 0.1577"  0.246™ 0.325""  0.401™
(0.024) (0.027) (0.041) (0.043) (0.031)  (0.033)
Family structure in G2 (M)
(ref: two-parent)
One-parent, divorced 0.049 0.419 -0.167 0.357 0.112 0.412
(0.411) (0.484) (0.682) (0.867) (0.532)  (0.613)
One-parent, unmarried 1.138" 1.563" 0.729 1.029" 0.491 0.996
(0.4064) (0.550) (0.612) (0.736) (0.875)  (1.004)
A, X Family structure in
G1 (M;) (ref: two-parent)
One-parent, divorced -0.071+ -0.096" 0.024 -0.000 -0.135" -0.157"
(0.037) (0.043) (0.050) (0.065) (0.056)  (0.058)
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Appendix Table 2F (Cont.)

One-parent, unmarried
A, X Family structure in G2
(M,) (ref: two-parent)
One-parent, divorced
One-parent, unmarried
Disability
Occupational status
(socioeconomic index)

Own home

Average family income
during G2’s childhood

Grandchildren, generation 3
African Americans

Female

Age group (ref: 25-34)
35-44

45-54
55-65

Religion (ref: Catholic)
Jewish

Protestant
Others

Region (ref: Northeast)
North central

South
West
Intercept

Number of families
Number of observations

-0.053
(0.059)

-0.007
(0.033)
-0.062+
(0.037)
-0.181"
(0.060)
0.009"*
(0.002)
0.295™
(0.082)

-3.58*%107+
(1.99%107)

0.058
(0.088)
0.671""
(0.053)

0.123"
(0.061)
0.100
(0.126)
0.717"
(0.191)

0.286
(0.293)
0.006
(0.098)
-0.132
(0.158)

0.009
(0.116)
-0.055
(0.110)
-0.113
(0.129)

7.746""
(0.356)

1,409
4,854

-0.063
(0.080)

-0.037
(0.038)
-0.094"
(0.045)

-0.159%
(0.090)
0.660""
(0.054)

0.102
(0.067)
0.133
(0.136)
0.691°
(0.204)

0.628"
(0.299)
-0.047
(0.100)
-0.229
(0.174)

0.079
(0.119)
-0.096
(0.115)
-0.123
(0.132)

73317
(0.384)

1,409
4,854

0.017
(0.069)

0.055
(0.052)
-0.003
(0.048)
-0.100
(0.086)

0.005
(0.004)
0.172%
(0.103)

8.67*¥10°"
(2.25%10)

Hokok

0.840
(0.077)

0.159+
(0.089)
-0.011
(0.161)
0.743"
(0.246)

-0.568
(0.870)
0.115
(0.204)
0.167
(0.300)

-0.175
(0.226)
0.035
(0.203)
-0.116
(0.265)
8.4617""
(0.628)

571
2,317

0.009
(0.095)

0.003
(0.064)
-0.039

(0.057)

kskok

0.833
(0.078)

0.135
(0.092)
0.019
(0.176)
0.655"
(0.278)

-0.361
(0.388)
0.045
(0.225)
0.067
(0.344)

-0.230
(0.230)
-0.050
(0.211)
-0.169
(0.260)
8.098""
(0.717)

571
2,317

-0.047
(0.112)

-0.022
(0.043)
0.001
(0.075)
-0.210°
(0.083)
0.009™"
(0.003)
0.320°
(0.147)
-4.49%107"
(2.04*%107)

ek

0.536
(0.072)

0.097
(0.083)
0.281
(0.209)
0.613"
(0.309)

0.349
(0.315)
-0.009
(0.114)
-0.221
(0.188)

0.203
(0.137)
-0.145
(0.136)
-0.124
(0.149)
7.613"
(0.462)

838
2,537

-0.069
(0.086)

-0.046
(0.046)
-0.037
(0.088)

sekok

0.529
(0.074)

0.088
(0.095)
0.384"
(0.190)
0.710"
(0.255)

0.649"
(0.316)
-0.082
(0.113)
-0.345+
(0.196)

0.190
(0.140)
-0.167
(0.141)
-0.099
(0.152)
6.9317"
(0.477)

838
2,537

Data sources: Multigenerational linked data from Panel Study of Income Dynamics, 1968-2011.
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Notes: Figures in parentheses are robust standard errors. p7 < .1, p* <.05, p** < .01, p*** <.001 (two-tailed
tests). The final marginal structural models do not include the covariates, including grandparents’ and parents’
disability status, occupational status, family income, and homeownership, because they are used to construct
the inverse probability weights and have an impact on our estimates of exposure variables, namely
grandparents’ education, through the weighting.
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MODEL SPECIFICATION

The marginal structural model with inverse probability weighting estimates may be
sensitive to different model specifications of the final marginal structural model. Table 2G
summarizes key coefficients related to grandparent effects based on a variety of model
specifications based on the final causal model. Model 1 reports the original model estimates
(presented in Table 2.6). Models 2 to 4 add interactions between grandparents’ and parents’
education, between the childhood family structures of parents and grandchildren, and between
grandchildren’s covariates and parents’ and grandparents’ education, respectively. The models do
not include any three-way interactions, given the insignificance of the two-way interactions.
Because none of these extra interactions are highly significant, the results suggest that fitting
more complicated models would not change our conclusion about heterogeneous grandparent
effects across types of family structure (i.e., the interaction between A; and M;). The original

models are preferred for the sake of parsimony.
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Appendix Table 2G Marginal Structural Model Estimates for Direct Effects of Grandparents by Family Structures across Generations

under Various Model Specifications

African Americans Whites
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Original in Model 1+ Model 1 + Model 1 + Original in Model 1+ Model 1 + Model 1 +
Equation (1) interactions interactions interactions Equation (1)  interactions interactions interactions
M; * M, A x Ay between A4, A, M, * M, A x A,y between A4, A,
and covariates and covariates
Grandparents, G1
Years of schooling (4,) 0.134™ 0.130™ -0.051 0.051 0.082"" 0.082"" -0.002 0.085%
(0.033) (0.034) (0.104) (0.088) (0.025) (0.025) (0.092) (0.047)
Family structure in G1
(M,) (ref: two-parent)
One-parent, divorced 0.484 0.645 0.487 0.524 1.593 1.069 1.663F 1.561t
(0.769) (0.818) (0.813) (0.766) (0.855) (0.879) (0.853) (0.853)
One-parent, unmarried -0.139 -0.894 -0.170 -0.099 1.166 1.728 0.826 1.261
(1.341) (1.676) (1.338) (1.385) (1.233) (2.098) (1.180) (1.164)
Aq X Family structure in
G1 (M,) (ref: two-parent)
One-parent, divorced -0.063 -0.058 -0.057 -0.063 0.007 0.010 0.003 -0.006
(0.042) (0.043) (0.044) (0.043) (0.052) (0.051) (0.052) (0.051)
One-parent, unmarried 0.028 0.014 0.019 0.056 -0.026 -0.027 -0.026 -0.012
(0.062) (0.063) (0.063) (0.057) (0.072) (0.071) (0.071) (0.073)
Ay X Family structure in
G2 (M) (ref: two-parent)
One-parent, divorced -0.102" -0.097" -0.098" -0.105" -0.019 -0.022 -0.012 -0.014
(0.041) (0.041) (0.041) (0.044) (0.036) (0.036) (0.036) (0.034)
One-parent, unmarried -0.123"* -0.117* -0.110™ -0.123™* -0.107" -0.100% -0.0961 -0.126"
(0.038) (0.037) (0.038) (0.037) (0.054) (0.054) (0.055) (0.055)
Parents, G2
Years of schooling (4,) 0.246™ 0.252" 0.121 0.376" 0.401™" 0.398™" 0.330™" 0.427"
(0.043) (0.045) (0.076) (0.130) (0.033) (0.033) (0.086) (0.058)
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Appendix Table 2G (Cont.)

African Americans Whites
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Original in Model 1+ Model 1 + Model 1 + Original in Model 1+ Model 1 + Model 1 +
Equation (1) interactions interactions interactions Equation (1)  interactions  interactions interactions
M; * M, Ay x A, between A4, 4, M; * M, A x A, between A4, 4,
and covariates and covariates
Family structure in G2
(M,) (ref: two-parent)
One-parent, divorced 0.357 0.409 0.428 0.225 0.412 0.365 0.210 0.235
(0.867) (0.864) (0.869) (0.857) (0.613) (0.624) (0.657) (0.669)
One-parent, unmarried 1.029 1.095 0.958 1.041 0.996 0.975 0.720 1.012
(0.736) (0.764) (0.750) (0.753) (1.005) (0.996) (1.058) (1.051)
A, X Family structure in
G1 (M,) (ref: two-parent)
One-parent, divorced -0.000 -0.006 -0.007 -0.005 -0.157" -0.134" -0.159™ -0.145"
(0.065) (0.068) (0.066) (0.065) (0.058) (0.059) (0.058) (0.059)
One-parent, unmarried 0.009 0.042 0.019 -0.017 -0.069 -0.087 -0.040 -0.085
(0.095) (0.119) (0.096) (0.100) (0.086) (0.114) (0.086) (0.094)
A, X Family structure in
G2 (M) (ref: two-parent)
One-parent, divorced 0.003 -0.003 -0.004 0.018 -0.046 -0.044 -0.038 -0.038
(0.064) (0.064) (0.064) (0.064) (0.046) (0.046) (0.047) (0.049)
One-parent, unmarried -0.039 -0.048 -0.043 -0.039 -0.037 -0.049 -0.026 -0.022
(0.057) (0.058) (0.057) (0.058) (0.088) (0.088) (0.089) (0.091)
Interactions G1 * G2
Years of schooling in G1 - - 0.014% - - - 0.006 -
(4;) xin G2 (4,) (0.008) (0.006)
Family structure in G1
(M;) X in G2 (M)
One-parent, divorced X - -0.222 - - - 0.418 - -
One-parent, unmarried (0.286) (0.281)
One-parent, divorced X - 0.457 - - - -1.197" - -
One-parent, divorced (0.553) (0.564)
One-parent, unmarried - -0.211 - - - 0.378 - -
X One-parent, divorced (0.243) (0.409)
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Appendix Table 2G (Cont.)

African Americans Whites
Model 1 Model 2 Model 3 Model 4 Model 1 Model 2 Model 3 Model 4
Original in Model 1+ Model 1 + Model 1 + Original in Model 1+ Model 1 + Model 1 +
Equation (1) interactions interactions interactions Equation (1)  interactions  interactions interactions
M; * M, M; * M, between A4, 4, M; * M, M; * M, between A4, 4,
and A; * A,  and covariates and A; * A,  and covariates
One-parent, unmarried - 0.676 - - - 0.175 - -
X One-parent, unmarried (0.549) (0.717)
Interactions G1 * G3
A X Sex - - - Controlled - - - Controlled
A, X Age groups - - - Controlled - - - Controlled
A; X Religion - - - Controlled - - - Controlled
A; X Region - - - Controlled - - - Controlled
Interactions G2 * G3
A, X Sex - - - Controlled - - - Controlled
A, X Age groups - - - Controlled - - - Controlled
A, X Religion - - - Controlled - - - Controlled
A, X Region - - - Controlled - - - Controlled
Intercept 8.098 8.052" 9.745™" 7.170"™ 6.931"" 6.997"" 7.893"* 6.523""
(0.717) (0.737) (1.119) (1.943) (0.477) (0.483) (1.169) (0.766)
Number of families 571 571 571 571 838 838 838 838
Number of observations 2,317 2,317 2,317 2,317 2,537 2,537 2,537 2,537

Data sources: Panel Study of Income Dynamics, 1968-2011.
Notes: Figures in parentheses are standard errors. p7 <.1, p* <.05, p** < .01, p*** < .001 (two-tailed tests). Main effects of control variables

including age groups, sex, religion, and current region, are not presented in the table. None of the interactions between A, A, and the covariates in
Model 4 are highly statistically significant. Full results of all models are available upon request.
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MISSING DATA AND THE ANALYSES OF COMPLETE CASES

The model results combine estimates and standard errors from 20 multiple imputed
datasets to account for uncertainty associated with missing data. The missing cases account for
less than 20% of the whole sample. The imputation method adopted in this study relies on
multiple imputation chained equations with a predicted mean matching method for continuous
variables such as occupational status and family income, and a binary logistic model for
dichotomous variables, such as home ownership and disability status. Model estimates based on
complete cases and multiple imputed datasets show similar results regarding the controlled direct
effects of grandparents except that the imputed datasets with a larger sample size give us more
statistical power to test the research hypotheses. Tables 2H and 2I present model estimates based

on complete cases.
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Appendix Table 2H Additive Model Estimates for Direct Effects of Grandparents’ Education on
Grandchildren’s Education based on the Complete Case Analysis

Full Sample African Americans Whites
Regular MSM Regular MSM Regular MSM
Grandparents, generation 1
Years of schooling (4;) 0.030t 0.069"" 0.028 0.042% 0.032 0.083""
(0.017) (0.015) (0.018) (0.022) (0.023) (0.020)
Family structure (M)
(reference: two-parent)
One-parent, divorced -0.156 -0.265™ -0.098 -0.093 -0.2367 -0.389"
(0.096) (0.100) (0.113) (0.143) (0.137) (0.137)
One-parent, unmarried 0.441° 0.306 0.289 0.4287 0.380 0.075
(0.177) (0.206) (0.170) (0.234) (0.365) (0.389)
Parents, generation 2
Years of schooling (4,) 0269 0.341"" 0.178™  0.284™ 0298 0.378""
(0.022) (0.022) (0.025) (0.036) (0.029) (0.028)
Family structure (M)
(reference: two-parent)
One-parent, divorced -0.587"  -0.628"" 04117 -0.685™ -0.542"  -0.556""
(0.083) (0.089) (0.116) (0.143) (0.103) (0.115)
One-parent, unmarried -0.599""  -0.672"" -0.406™"  -0.695"" -0.561"  -0.654"
(0.095) (0.104) (0.107) (0.127) (0.188) (0.205)
Number of family lineages 1,159 1,159 474 474 685 685
Number of observations 3,577 3,577 1,652 1,652 1,925 1,925

Data sources: Multigenerational linked data from Panel Study of Income Dynamics, 1968-2011.

Notes: Figures in parentheses are robust standard errors from 20 imputed samples. pt < .1, p* <.05, p** < .01,
pF¥* <001 (two-tailed tests). Coefficients of control variables, including grandparents’ and parents’ disability
status, occupational status, family income, and homeownership as well as grandchildren’s age groups, sex,
region, and religion, are not presented in the table. The regular method refers to generalized linear mixed-
effects models with random intercepts. The MSM method refers to marginal structural models. The analysis is
based on complete cases. Missing data are handled by the listwise deletion method.

71



Appendix Table 2I Interactive Model Estimates for Direct Effects of Grandparents’ Education
on Grandchildren’s Education by Family Structures across Generations based on the Complete

Case Analysis
Full Sample African Americans Whites
Regular MSM Regular MSM Regular MSM
Grandparents, generation 1
Years of schooling (4,) 0.073™"  0.111°7 0.144™  0.150™ 0.040 0.093™"
(0.022) (0.021) (0.030)  (0.039) (0.028)  (0.027)
Aq X Family structure in G1 (M)
(reference: two-parent)
One-parent, divorced -0.032 -0.042 -0.041 -0.078 0.020 0.015
(0.033) (0.034) (0.037)  (0.050) (0.052)  (0.050)
One-parent, unmarried -0.025 -0.034 0.031 -0.067 -0.014 -0.044
(0.058) (0.057) (0.055)  (0.083) (0.104)  (0.075)
A; X Family structure in G2 (M,)
(reference: two-parent)
One-parent, divorced -0.043 -0.047 -0.130"  -0.137" -0.001 -0.008
(0.028) (0.029) (0.049)  (0.050) (0.036)  (0.042)
One-parent, unmarried -0.097°""  -0.107""" -0.135™"  -0.129™" -0.110 -0.115
(0.030) (0.032) (0.040)  (0.044) (0.068)  (0.076)
Number of family lineages 1,159 1,159 474 474 685 685
Number of observations 3,577 3,577 1,652 1,652 1,925 1,925

Data sources: Multigenerational linked data from Panel Study of Income Dynamics, 1968-2011.
Notes: Figures in parentheses are robust standard errors. pt < .1, p* <.05, p** < .01, p*** <.001 (two-tailed
tests). Coefficients of main effects of parents’ family structure and education as well as interactions between
parents’ education and family structure in G1 and G2 are omitted from the table. Coefficients of control
variables, including grandparents’ and parents’ disability status, occupational status, family income, and
homeownership as well as grandchildren’s age groups, sex, region, and religion, are not presented in the table.
The regular method refers to generalized linear mixed-effects models with random intercepts. The MSM
method refers to marginal structural models. The analysis is based on complete cases. Missing data are handled

by the listwise deletion method.
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MORE MOBILITY: UPWARD OR DOWNWARD?

Results in Table 2.5 show that the multigenerational transmission of educational status is
weaker in single-parent families than in two-parent families and among African Americans than
among whites. In other words, grandchildren growing up in families with weaker grandparent
and parent effects are more likely to eventually reach an educational level different from that of
their parents and grandparents. However, it is unclear whether more educational mobility in these
families results from upward or downward mobility. Implications of these two kinds of mobility
for social inequality among families are distinct. If weaker grandparent effects indicate more
upward mobility, grandchildren in single-parent and African American families actually benefit
from being loosely tied to their disadvantaged family origins. In contrast, if weaker grandparent
effects indicate more downward mobility, grandchildren in these families are further
handicapped in their educational attainment processes as compared to their white and two-parent
counterparts because their families are less capable of maintaining their multigenerational
advantages and gaining opportunities for achieving higher education.

Table 2J presents relative educational mobility from grandparents to grandchildren by
family structure and race. A general trend shown in the table 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 (= 0.11, not
reported in the table) than for whites (» = 0.30, not reported in the table). 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
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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 2K further shows that the occurrence of upward mobility is higher among two-
parent households than single-parent households, especially for African Africans. Given the
small sample of single-parent families with unmarried parents, I combine individuals who grow
up in divorced families and families with unmarried parents into one group. More than 80
percent of African American two-parent families have experienced upward mobility from the
grandparent to the grandchild generation. The results substantiate my earlier conclusion that a
weaker grandparent effect in single-parent families means that these families are less likely to
preserve their family privilege rather than more likely to escape from their family histories of

hardship.
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Appendix Table 2J Multigenerational Educational Mobility

African Americans (N =2,317)

Grandparent- Parent-Grandchild Grandparent-
Parent Grandchild
Upward mobility 76.1 34.0 73.6
Immobility 14.7 27.1 13.0
Downward mobility 9.3 38.9 13.5
Total, % 100 100 100
Whites (N = 2,537)
Grandparent- Parent-Grandchild Grandparent-
Parent Grandchild
Upward mobility 64.4 31.0 61.4
Immobility 223 27.7 17.4
Downward mobility 13.3 41.4 21.3
Total, % 100 100 100

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. I combine single-parent families with divorced parents and unmarried

parents.
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Appendix Table 2K 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, % 65.8 80.2 70.3 83.1
Immobility 12.7 12.6 14.6 10.5
Downward mobility 21.5 7.2 15.1 6.4
N 456 222 1,051 562
Chi-square 22.5™° 356
Parents’ and grandchildren’s childhood family structures
Whites Single, Single Single, Two Two, Single Two, Two
Grandparent-Grandchild
Upward mobility, % 67.8 66.0 56.1 62.4
Immobility 10.7 16.6 17.5 18.2
Downward mobility 21.5 17.5 26.4 19.4
N 176 236 719 1,403
Chi-square 34 14.17

Data sources: Panel Study of Income Dynamics, 1968-2011.
Notes: p* < .05, p** < .01, p*** < .001 (Chi-square tests). | combine single-parent families with divorced
parents and unmarried parents.
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SENSITIVITY ANALYSIS

The causal interpretation for results presented in Tables 2.5 and 2.6 rests on the
assumption that unobserved confounding variables that affect education and family structure
across generations (namely W) in Figure 2.1) do not correlate. This assumption may be invalid
because unmeasured factors such as a genetic component of education-enhancing traits of
grandparents and parents may sort individuals into 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
variables (W() and education (A()) across generations (shown in Figure 2A), the sensitivity
analysis assesses the extent to which the causal effect of grandparents’ education is robust to the
selection bias caused by the intergenerational transmission of unobserved variables. Figure 2A
shows the new hypothetical causal diagram with the revised assumptions about unobserved
variables. Note that the sensitivity analysis shows only one among many possible scenarios of
relationships among the 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. I simulate plausible values for the association between W) and 4 (namely 6 ) and
between Wy and W(1) (namely ), both of which range from 0 (no correlation) to 1 (perfect
correlation). Given that all variables are standardized, the parameter 8 can be roughly
interpreted as the intergenerational correlation in the unobserved variables. The parameter
refers to the correlation between education (or family structure) and the unobserved variables in
each generation, which reflects the magnitude of the selection bias. According to the causal

mediation principles (Pearl 2014), we do not need to assume the effect of unobserved variables
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U on covariates L because these variables are not directly associated with the exposure
variables A, mediators M, or the outcome variable Y, and biases caused by these variables are
already addressed in the marginal structural models based on inverse probability weights. In the
second step, I estimate grandparent effects by treating the simulated unobserved variables as
time-varying covariates and include them into the weighted generalized linear mixed-effect
models. Lastly, I compare the bias-corrected estimates of grandparent effects with the original
ones.

Figure 2B displays adjusted average grandparent effects, based on a range of selected
values of 8 and m in the sensitivity analysis. When the parameter r is equal to 0, namely no
intergenerational transmission of the unobserved variables, the estimated grandparent effects
simply replicate previous estimates shown in Table 2H. To speed up the simulation, I rely on data
with complete cases rather than data with missing-data imputation. Despite a wide range of
possible combinations between values of 8 and m, Figure 2B only presents results from
scenarios when 8 = . Results from the sensitivity analysis based on other possible values of
and m are available upon request.

In general, the estimated grandparent effects decline with the increase of 6 or 7. The
horizontal line refer to the scenario under which the average grandparent effect are zero. The
shaded areas refer to 95% confidence intervals of the estimates. Estimates that fall below this
line indicate that we need to reconsider the causal interpretation for influences of grandparents’
education on grandchildren’s education because of potential selection mechanisms caused by 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
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correlation of the unobserved variables and the correlation between education and the
unobserved variables are both below roughly 0.85. For whites, the causal effect of grandparents
persists even if the unobserved variable W, and grandparents’ education A, are perfectly
correlated. Therefore, the sensitivity analysis indicates that if there is any intergenerational
transmission of the unobserved variables, the magnitude would have to be unreasonably large to
alter our inferences about the causal effects 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 variables.
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Appendix Figure 2A A Hypothetical Causal Framework of Multigenerational Social Mobility
with Unmeasured Time-Varying Variables

Notes: A1) = G1’s educational attainment, M(1y = family structure in G1 during G2’ childhood, L) =
socioeconomic characteristics, such as family income, occupational status, home ownership, and disability
status in G1 during G2’ childhood, 42) = G2’ education, M(») = family structure in G2 during G3’s childhood,
U, W = unmeasured variables, ¥ = G3’s educational attainment. C = exogenous variables that influence Y, such
as gender and age group. V' = family invariant variables, such as race. Relationships among variables are
encoded in the directed acyclic graph (DAG) above. For the sake of simplicity, the graph omits all the arrows
pointing from A, L), M), and Wy to Y. While not explicitly shown in the graph, the strength of grandparent’s
direct effect, i.e., the arrow pointing from A4()to Y, may vary by the values of M(1yand M) according to the
research hypothesis of this study. Unlike Figure 2.1, this graph assumes that the errors of Wy are correlated
with each other as well as with Y. The correlations of these standarized variables are represented by 7 and 6.
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Appendix Figure 2B Sensitivity Analyses for Effects of Grandparents’ Education on
Grandchildren’s Education under Various Assumptions about the Strengths of Unobserved
Variables

Notes: The parameter m can be roughly interpreted as the selection bias, or the correlation between W and 4. The
parameter 6 refers to the intergenerational correlation between W) and W(w1). Specifically, I assume that the
unobserved variable W, =+ Al + e and W3 =0« W) + m+ A5 + w* Y™ + €,, where W”, A%, and Y™ are
standardized variables of W, 4, and Y. The values of 8, € [0,1]. For the sake of simplicity, this figure shows only
results from the sensitivity analysis when 8 =r . The bias-corrected estimates for each value of the parameters are
based on point estimates from 200 simulated samples. The horizontal line refers to the scenario under which the
average grandparent effect is zero. The shaded areas refer to 95% confidence intervals. To speed up the
computation, the sensitivity results are based on data with complete cases rather than data with missing-data
imputation.
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CHAPTER 3

Short-Term and Long-Term Educational Mobility of Families: A Two-Sex Approach

3.1 INTRODUCTION

Educational attainment is a source of upward social mobility for individuals and families. Higher
education changes not only the social circumstances of the present generation but also potentially
the educational prospects of children, grandchildren and subsequent generations of a family. This
study investigates the educational reproduction of families—that is, how successfully families
reproduce their educational advantages in subsequent generations. An examination of this
question involves a joint study of demographic reproduction and intergenerational social
mobility. Our broad definition of families refers to not only nuclear and extended families, but
also lineages that include distant descendants who share the same ancestry.

Unlike traditional mobility studies that focus on parent to offspring mobility, we examine
both “short-term” and “long-term” social mobility from a multigenerational perspective. For
short-term mobility, which refers to educational mobility across three generations, we assess the
validity of the Markovian assumption that underpins most mobility research (Mare 2011). Two-
generation mobility studies implicitly assume that grandparents’ influence on grandchildren
occurs only through their influence on parents, who in turn influence their children. This
assumption underestimates the degree of multigenerational influence, however, if (1)
grandparents’ statuses directly affect grandchildren’s statuses, net of their intervening effect via
parents’ statuses, or (2) grandparents influence the grandchild generation through parents’ and

grandchildren’s demographic outcomes, such as their marriage, fertility, and mortality. We

96



examine these two mechanisms for American families using data from the Panel Study of
Income Dynamics.

For long-term mobility, we assess differences in the educational composition of progeny
from high- and low-education families in an indefinite future. We investigate how individuals
who differ in educational attainment may yield different education distributions among their
progeny several generations hence. Our analyses shed light on whether an increase in education
of families at one generation can permanently change the educational prospects for future
descendants. Our approach is to use information on assortative mating, fertility, and
intergenerational social mobility based on our short-term analyses to simulate the educational
distribution of families in subsequent generations, and to see whether the education distributions
of descendants from high- and low-education families converge or remain distinct. In a simple
Markov model for educational mobility, the educational distribution of families converges to the
same distribution regardless of where a family begins. Yet such a prediction only applies to the
mobility process, whereas the interplay between social mobility and reproductive success may
further complicate the dynamics of the trend (Lam 1986; Maralani 2013; Mare 1997; Mare and
Maralani 2006; Mare and Song 2014; Matras 1961, 1967; Preston 1974).

Building upon the two-sex demographic model of 1Q inheritance in Preston and
Campbell (1993) and the “birth matrix-mating rule (BMMR) model” in Pollak (1986, 1987,
1990), we develop a two-sex multigenerational demographic model of social mobility. .
Compared with the one-sex model, our two-sex approach incorporates two new features: First, it
takes account of educational assortative mating from the standpoint of both the male and female
populations, in both the parent and the grandparent generations, in creating unequal educational

resources across families. Second, it examines roles of both parents and all four grandparents,
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rather than one sex alone in offspring’s educational mobility. Therefore, it provides a more
complete account of the formation of multigenerational inequality between families through the
interaction of males and females.

Our short-term analyses suggest that grandparents’ educational attainments directly
influence grandchildren’s educational outcomes independent of parents’ education. On average,
all four grandparents have similar effects on their grandchildren’s educational attainment.
Grandparents also influence grandchildren’s education by influencing parents’ marriage and
fertility behaviors. Our long-term analyses show different predictions using one-sex and two-sex
approaches. The former suggests persistent differences in the educational composition of
progeny between families, whereas the latter suggests that the differences eventually disappear.
The two-sex model takes account of intermarriages between families with different education
levels, which eliminate the ability of highly educated individuals to secure a long run educational
advantage for their progeny.

This study also advances our understanding of multigenerational inequality of families
(e.g., Chan and Boliver 2013; Mare 2011, 2014; Pfeffer 2014; Zeng and Xie 2014). We show that
multigenerational influences are shaped by the combination of families’ mobility and
demographic behaviors and transmitted through both sexes. Such mechanisms have implications
for unequal educational outcomes between families in the short term and the long term. The
paper concludes with a taxonomy of approaches to the analysis of mobility, which includes one-
and two-sex models, two generation and multi-generation models, and models with and without

demographic processes.

98



3.2 SHORT-TERM AND LONG-TERM MULTIGENERATIONAL SOCIAL MOBILITY
Social mobility studies typically rely on a short-term framework, mostly focusing on
intergenerational mobility from parents to offspring, (e.g., Blau and Duncan 1967; Erikson and
Goldthorpe 1992; Featherman and Hauser 1978; Hout 1983; 1988) and occasionally including
grandparents as well (Hodge 1966; Warren and Hauser 1997). The lack of three-generation
mobility studies is justified by the Markovian assumption that associations between adjacent
generations suffice to explain mobility processes over multiple generations (Mare 2011).
Empirical research testing the validity of the Markovian assumption is sparse and inconclusive.
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; Jeger 2012). Similar findings also appear in a study of Finland (Erola
and Moisio 2007). By contrast, several recent studies have challenged the Markovian
assumption, showing that grandparents with favorable social characteristics can transmit their
advantages to their grandchildren, net of parents’ characteristics (e.g., Chan and Boliver 2013;
Hertel and Groh-Samberg 2014; Wightman and Danziger 2014; Zeng and Xie 2014).
Regardless of whether the intergenerational transmission of socioeconomic status is
Markovian, however, grandparents may also influence grandchildren’s socioeconomic status by
influencing parents’ demographic behaviors (Mare 2011; Mare and Song 2014). Just as the
impact of one generation on the next in a two generation model comes about through the joint
effects of intergenerational transmission and differential demographic behavior (Mare and
Maralani 2006; Maralani 2013), grandparents’ socioeconomic characteristics can influence
parents’ marriage prospects, mate choices, and fertility decisions, all of which make up the

“family background” of the grandchildren and subsequently influence their life chances. Even if
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parents’ demographic behaviors are independent of grandparents’ social characteristics, parents’
decisions on whether, when, and whom to marry and how many children to have children change
grandparents’ influences on grandchildren. Grandparents with many children and grandchildren
will have a much greater capacity to affect subsequent generations, whereas persons cannot pass
on their advantages or disadvantages beyond the next generation if their children are childless.

The effects of individuals’ characteristics on the characteristics of their progeny include
both their direct impacts on their children and grandchildren and also their potential long run
impacts across a larger number of generations. Although most demographic effects die out after
several generations, it remains possible that some combinations of multigenerational social
mobility and demographic patterns may lead to longer run effects. If all families have the same
fertility, mortality, and marriage behaviors but unequal mobility opportunities determined by the
parent generation’s educational attainment, the Markov assumption implies that families
eventually lose their influences because descendants from all families converge to the same
educational distribution. The mobility process itself removes all initial educational advantages or
disadvantages of family founders (e.g., Bartholomew 1982). Under these conditions,
multigenerational influences in the educational reproduction of families are transient, suggesting
that short-term inequality between families within three generations does not result in long-term
multigenerational inequality.

The interplay between mobility and demography, however, further complicates the trend
of long-term educational reproduction of families. In the presence of positive association
between fertility and socioeconomic status, the multigenerational influences of social mobility
patterns and differential fertility are mutually reinforcing: men in high-status families are more

likely to have high-status sons and to have more sons who survive to adulthood (Mare and Song
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2014). As a result their descendants account for a disproportionately large share of the high-
status population in later generations. In contemporary societies where the association between
fertility and socioeconomic status is negative, on the other hand, offspring from high-education
families are more likely to attain high education, but the overall advantages of high-education
families may be offset by their lower fertility. Therefore, the educational reproduction of high-
education families in terms of their total number of high-education descendants in later
generations depends on the relative strength of mobility advantages and differential net fertility.
This paper extends the two-generation joint demographic and social mobility approach
used in previous studies (e.g., Mare and Maralani 2006; Maralani 2013; Preston 1974) to a
multigenerational scenario. Our approach on the multigenerational transmission of educational
inequality in the short-term and long-term incorporates a wider array of social and demographic
processes, which include educational assortative mating, differential marriage and fertility rates
between high-education and low-education couples, and intergenerational transmission of
educational status through both sides of families. To integrate these processes into a
multigenerational model, we need to modify one-sex intergenerational mobility models to look at

both sexes together.

3.3 ONE-SEX VERSUS TWO-SEX MOBILITY APPROACHES

A one-sex approach to the study of social mobility is adequate when the socioeconomic
position of families and individuals is reproduced through the line of the same-sex parent,
whether on the maternal or paternal side of the family, and when the availability of suitable
marriage partners is not substantially constrained. In contemporary societies, however, both

parents play a role in determining the economic statuses of families and may have independent
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effects on the life chances of their offspring (e.g., Beller 2009). In addition to the two-generation
effects of mothers and fathers, grandmothers and grandfathers on both sides of the family may
affect the life chances of their grandchildren (e.g., Cherlin and Furstenberg 1986). A two-sex
approach can also incorporate demographic mechanisms into the mobility process that are left
out of one-sex models. Several studies have shown the role of interplay between demographic
behaviors and social mobility in the evolution of social inequality (Lam 1986; Matras 1961,
1967; Mare 1997; Mare and Maralani 2006; Maralani 2013; Preston 1974; Preston and Campbell
1993). Except for Preston and Campbell’s (1993) study, however, these studies rely on a one-sex
approach, which does not take account of how numbers of men and women, with varying
socioeconomic characteristics, constrain marriage opportunities in a single generation and the
distribution of family backgrounds in subsequent generations (Pollak 1990; Schoen 1981; Mare
and Schwartz 2006). Overall, the two-sex approach in this paper consists of two components: a
mobility component that examines influences of grandparents on grandchildren through both
paternal and maternal family lines, and a demographic component that examines educational
assortative mating of fathers and mothers in the marriage market in order to form families for the
next generation. A comparison of the two-sex results with those from a one-sex approach
illustrates the extent to which conclusions about the multigenerational mobility process is an

artifact of the approach used in the analysis.
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3.4 SOCIAL AND DEMOGRAPHIC MOBILITY MODELS

3.4.1 One-Sex Approach

We begin with the one-sex model for the influences of parents’ education on the
educational outcome of offspring. Following Mare and Maralani (2006), we specify the one-sex
model as

Sji=Fi-my-r;-pj; (1)
where §j|; denotes the number of men (woman) in the offspring’s generation who are in
education group j and have fathers (mothers) in education group i. F; denotes the number of men
(women) in the paternal (maternal) generation who are in education group i. m; denotes the
probability that a man (woman) in education group i gets married. r; denotes the expected
number of sons (daughters) who are born to a man (woman) in education group i and survive to
adulthood. p;|; denotes the probability that a son (daughter) born to a man (woman) in education
group i enters education group ;.

A three-generation version of the model further incorporate grandparents’ education;
therefore, the marriage component m, the fertility component f'and the mobility component p
depend on both fathers’ (mothers’) and grandfathers’ (grandmothers’) educational attainments.

Sjjik = Fix "My " Tig * Djjinc (2)
where S denotes the number of men (woman) in the offspring’s generation (G3) who are in
education group j and have grandfathers (grandmothers) in education group i and fathers
(mothers) in education group k. F;;, denotes the number of men (women) in the paternal
(maternal) generation (G2) who are in education group & and have fathers (G1) in education
group i. m;;, denotes the probability that a man (woman) in education group k with a father

(mother) in education group i gets married. r;;, denotes the expected number of sons (daughters)
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who are born to a father (mother) in education group k and a grandfather (grandmother) in

education group i and survive to adulthood. pj; denotes the probability that a son (daughter)

born to a father (mother) in education group & and a grandfather (grandmother) in education
group i will enter education group j. This model accounts for differentials in marriage behavior
by men’s (or women’s) level of education, but only under very restrictive assumptions such as
that the availability of partners of the opposite sex is completely unconstrained or that the
matching of men’s and women’s educational attainments follows complete male dominance or
complete female dominance. The one-sex model does not adequately take account of the
interdependence of the male and female populations.

Based on the social mobility and demographic model in equation (1), we define the social
reproduction effect (SRE) as the relative advantages of a college father (or mother) as compared
to a high-school father (or mother) to produce college sons (or daughters), that is,

Se S
Net SRE = —Klk _ ZklJ
Fe F

= MyTPrik — MyTiPk|j (3)

where education groups k and j refer to college education and high-school education respectively.

For the social reproduction effect of grandfathers (or grandmothers), we define a net
effect as the relative advantages of a high-school father with a college grandfather (or
grandmother) as compared to a high-school father with a high-school grandfather (or
grandmothers) to produce college sons (or daughters), that is,

Net SRE = Me;Tk;jPielj = Mij7jjPkljj )

where pyi; (or pg ;) is the conditional probability that a man (or a woman) attains college
education if he (or she) has a high-school father (or mother) and a college grandfather (or

grandmother).
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In addition, we define the total social reproduction effect as the relative advantages of a
college grandfather (or grandmother) as compared to a high-school grandfather (or grandmother)

to produce college grandsons (or granddaughters), that is,

— G1,.G1,,G2 G2,.G2,.G3 G1.,.G1.,,G2 G2,.G2.,G3
Total SRE = Emk 1 Dijk Mici Tii' Prjki _ij TP My Pk (5)
7 7

3.4.2 Two-Sex Approach

The two-sex model incorporates marriages between pairs of adult males and females
specified by their levels of educational attainment; the mean number of surviving children born
for each paternal-maternal educational combination; and educational mobility of offspring born
into families defined by the education levels of both mothers and fathers.!2 It builds upon two-
sex population renewal models (Caswell 2001; Goodman 1953; Keyfitz 1968; Pollak 1986,

1987, 1990). In parallel to the one-sex model, we specify the two-sex model for males and

females as
Dyij = uI(F,.M) - - piy; (6)
Sk|ij = Ilij(F: M) - rfj . Piuj (7

where Dy;;(S)ij) denotes the number of females (males) in the offspring’s generation who are
in education group & and have mothers in education group i and fathers in education group ;.
pY (F, M) denotes the number of marriage between females in education group i and males in
education group ;. r‘iij (r3;) denotes the mean number of surviving daughters (or sons) born for

each union of women of education i and men of education j with completed reproduction history.

13 Note that our model assumes independence of education and age. A refinement of the two-sex model could
include age structure of the population, duration of marriages, polygamous mating rules and differential
demographic outcomes by age groups (Keyfitz 1972). A model with age structure may reflect effects of timing of
marriage and fertility, levels of fertility by age groups, as well as marriage squeeze caused by period fertility
fluctuations and sex-ratio imbalance for old age groups on the evolution of population structure.
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In general, the difference between r?j and r; are determined by male to female sex ratio at birth
in a population and differential survival rates of sons and daughters to adulthood. pﬁli ; and pi” i

refer to the probability of obtaining education group & for daughters and sons born to females of
education i and males of education j, respectively.

We adopt Schoen’s harmonic mean mating rule (Schoen 1981; 1988), which assumes that
the number of marriages between two social groups depends on the relative numbers of single
women and men in these groups in the population and the attractiveness of members in these

groups to each other. The harmonic mean mating rule specifies that

F.M:
_—], aij>0,ZaijS1Vi,ZaijS1Vj (8)
J

i
where a;; is the “force of attraction” between women in education group i and men in education
group j, which results from population constraints as well as preferences among all groups
(Schoen 1988). F; is the total number of eligible women in education group i and M; is eligible
men in education group j. In practice, a;; is estimated from observed numbers of unions between
men and women and single persons with those attributes (Qian and Preston 1993). The
advantage of this function is that it incorporates constraints from the marriage market though the
parameters of F;, M; and individual preferences through a;;. However, one limitation of this
function is that it assumes no competition effect among different education groups (“zero
spillover mating rule”) (Pollak 1990).

Based on the two-sex model, we can estimate net social reproduction effects of parents
analogous to those defined for the one-sex models. The net reproduction effect of parents
examines the relative advantages of college parents as compared to high-school parents (both

parents have only high-school degrees) to produce college offspring, that is,
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Similarly, we can derive the net social reproduction effect of grandparents by incorporating
grandparents’ educational characteristics into p, r, and p° (p%). The net effect examines the
relative advantages of a high-school father and a high-school mother with all four college
grandparents as compared to a high-school father and a high-school mother with all four high-
school grandparents to produce college offspring.

In addition, we define the total social reproduction effect of grandparents as the relative
advantages of college grandparents as compared to high-school grandparents to produce college
grandchildren. The total social reproduction effect of grandparents sums over the net social

reproduction effect of grandparents over all grandchildren, that is,

kka,kkb d d
YaXp WEHEP(F M) (rlfka,kkbplfﬂkka,kkb + Tkka,kkbpk|kka,kkb)

Total SRE,.,; =
ot o YaFrra + 20 Mikp

(10)
b o
o p pIIPE, M) (i pPRijjajb T TjajjbPRljjajv)
YaFiiq + Xp Mjjy

where F' = p**(F, M)Tlfkpgmk ,M' = p**(F, M)ripaiks F' = uI(F, M)rﬁ'ngja and M" =
W (E, M1z -

Important special cases of this general unrestricted model include random mating, in
which the expected number of marriages results only from the numbers of men and women at
risk to various combines of educational attainments, and endogamous mating, in which men and
women are constrained to marry only within their own education groups. In random mating the
force of attraction is invariant among combinations of women’s and men’s education groups (a;;
= ¢ for all j, ). In endogamous mating, there is no mating between men and women who differ in

their educational attainment (a;; = 0 if i # /). When multigenerational influences exist, we
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assume the mating, fertility, and mobility rules are determined by both parents and all four
grandparents’ educational characteristics. Given the short-term rules, it is possible to predict the

education distribution in future generations from its distribution in an initial generation.

3.5 DATA AND MEASURES

Because of its prospective design and long duration, the Panel Study of Income
Dynamics (PSID) is one of the few nationally representative surveys well-suited for the two-sex
multigenerational analysis formulated above. Begun in 1968, the PSID 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 households created by the offspring of original targeted household members
retain the PSID “gene” themselves and become permanent PSID respondents.

To create our multigenerational sample, we first obtain a FIMS (Family Identification
Mapping System)** sample that links PSID respondents (G3) with their parents (G2), who are
also PSID respondents. Based on the retrospective information from the family interview for
household heads and head’s wives ((G2), we obtain parental information for the grandparent
generation (G1), who may not be PSID respondents. Therefore, we have information from all of

the four biological grandparents of PSID respondents in G3.%°

14 “Family Identification Mapping System” is a tool developed by the PSID to create intergenerational linked
samples (http://simba.isr.umich.edu/FIMS/)

15 This linking method yields a bigger sample size than from a prospective method that links PSID respondents from
the first generation to the second and third generations because only a subset of the parents and grandparents of the
third generation are themselves PSID respondents.
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We create two analytical samples: a mobility sample and a marriage/fertility sample. The
mobility sample includes education information of PSID sample members and their biological
fathers, mothers, and all four grandparents. Individuals who grew up in single-parent families
and thus have incomplete education information for one or several parents and grandparents are
excluded from the analyses. We recode the educational variable into four categories according to
the years of schooling (0-11, 12, 13-15, 16+).

The marriage/fertility sample is generated from the PSID 1985-2011 Marriage History
File, which contains details about retrospective marriage history of eligible people living in a
PSID family at the time of the interview in any wave between 1985 and 2011 (PSID User
Manual 2013). We merge the Marriage History File with the 1968-2011 Individual File to find
the education information of individuals and their spouses. Some spouses, however, do not have
follow-up records on the Individual File if they leave the PSID households, because they do not
carry the PSID “gene.” We then rely on household head and wife information from the 1975-
2011 Family File to find out the missing information of spouses. To give each individual in the
marriage/fertility sample the same weight, we restrict our analyses to the first marriage of all
individuals.’® We measure individuals’ fertility by the number of live births, as recorded in the
Individual File, which counts all marital and nonmarital children of an individual through 2011.7
Since many individuals may have not finished their reproduction by the year of 2011, we control
for age groups (25-35, 36-45, 46-55, and 56-65) in our estimation of fertility to account for
differential time of exposure to fertility. The total number of children of an individual may come

from several spouses, rather than the spouse that we analyze in the marriage file.

16 To check the robustness of our analyses on assortative mating, we also examined a sample restricted sample to the
most recent marriage of individuals and the results are similar to those presented in this paper.

17 Because of nonmarital childbearing, the total number of individuals’ offspring may not be equal to the product of
the proportion of individuals who were ever married and this fertility measure for married individuals.
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We restrict our analytical samples to PSID respondents aged 25 to 65, assuming that all
respondents have finished their education by age 25 and childbearing by age 65. Appendix Table
3A summarizes the education distribution for the offspring, parent and grandparent generations.*®
Our final mobility sample consists of 3,122 sons and 3,145 daughters, and 6,267 parents and
grandparents with non-missing values. Our marriage sample, which includes respondents who
have non-missing educational information on both parents, consists of 9,683 and 9,867 eligible
males and females respectively. Among these eligible males and females, 7,586 men and 8,100
women are married or were ever married before the last wave in 2011. We restrict the fertility

sample to respondents who have complete educational information of spouse, both parents, and

spouse’s parents, which yields a sample of 13,090 married couples.!®

3.6 SHORT-TERM MULTIGENERATIONAL INFLUENCES

We begin with analyses based on the one-sex approach, which considers mating, fertility,
and mobility patterns for sons, fathers, and grandfathers (Table 3.1), and daughters, mothers, and
grandmothers (Table 3.2), respectively. For all models, we assume discrete, additive

multigenerational effects, meaning that we do not include associations between an individual’s

18 Appendix Table 3A summarizes the education distribution of grandparents, parents and children for the
marriage/fertility and mobility samples. These distributions confirm three trends in higher education in recent
decades: sizable education differences by gender, increase in educational attainment over generations, and reversed
gender gap in college education (Buchmann and DiPrete 2006). About 60 percent of the grandparents in the mobility
sample receive education below high school, and less than 8 percent have education beyond college. In contrast, less
than one third of fathers and mothers in the mobility sample receive education below high school, whereas more
than twice as many parents as grandparents have college education. The children from these families reach much
higher levels of educational attainment: very few (< 2 percent) fail to receive more than 9 years of education,
whereas more than 20 percent receive college degree. The gender gap in college education diminishes from the
grandparent generation to the parent generation, and shows a reversed trend favoring women from the parent
generation to the offspring generation.

19 We do not control for race in our analyses because we are unable to examine racial and educational assortative
mating jointly given our sample size. We show the racial distribution of our samples in Appendix Table 3A, which
suggests an overrepresentation of African Americans and an underrepresentation of other races due to the sampling
design of PSID.
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educational attainment and interactions between the attainments of their parents and
grandparents. For the sake of simplicity, the models presented in the tables only include
education variables for grandparents, parents, and offspring generations, but we also
experimented with models that include control variables such as race, the number of siblings, and
the age group of the offspring generation, as well as interactions of these variables. The control
variables do not change the results presented below, and we find little evidence for the effects of
these interactions.

The marriage and fertility results in Table 3.1 and Table 3.2 suggest that a person’s
likelihood of getting married and the number of children depends on both his or her own and the
same-sex parent’s educational attainment. On average, individuals with higher education or
highly educated parents are more likely to get married than their low-education counterparts, but
they tend to have a lower level of fertility. The mobility results are consistent with Hertel and
Groh-Samberg’s (2014) findings that grandfathers’ social class is directly associated with their
grandsons’ socioeconomic attainment.?® Overall, our marriage, fertility, and mobility models are
inconsistent with a simple Markovian assumption, suggesting that grandfathers’ and
grandmothers’ education influences their grandchildren’s education not only indirectly through
fathers” and mothers’ marriage prospects and fertility, but also through a net direct effect.

[Table 3.1]
[Table 3.2]
We present parameter estimates for the two-sex mating and fertility models in Table 3.3

and 3.4. As discussed earlier, one solution to consider the differential marital rates and mating

20 Whereas Hertel and Groh-Samberg also use the PSID, they rely on male patrilineal lineages including
grandfathers, fathers, and sons only. We provide a more complete two-sex model below that includes all four
grandparents, both parents, and sons and daughters.
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preferences for males and females simultaneously is to resort to the harmonic mean mating
function. The parameter for the “force of attraction” (a;;) represents the likelihood between two
education groups of men and women to form unions. The value is a function of the preferences
between two education groups and constraints imposed by sizes of the two groups. We present

the estimates of a;; for a two-generation model that only takes account of husband’s and wife’s

own characteristics in Table 3.3. The results suggest that the strongest “attraction” is between
males and females with 16 or more years of schooling (¢ = 0.091) and between those with 12
years of schooling (&« = 0.089). Among all the educational pairs, the attraction force is the
smallest for individuals with 16 or more years of schooling to marry those with less than 12
years of schooling (¢ = 0.003). We present three-generation results in Appendix Table 3B,
which reveal further heterogeneity in assortative mating within the same education groups of
husbands and wives by their fathers’ and mothers’ education. In particular, we find that
educational matching is most likely to occur between males and females who themselves, as well
as their parents, are in the same or adjacent education groups.

[Table 3.3]

[Table 3.4]

Table 3.4 shows estimates of binary logistic models for marriage for men and women.

The results are largely consistent with one-sex results in Table 3.1 and 3.2, suggesting that the
likelihood of getting married for men only depends on their own educational characteristics,
whereas for women it is determined by both their own and their parents’ educational attainments.
The two-sex fertility model in Table 3.4 includes both a couple’s and all four of their parents’
educational characteristics as determinants of the couple’s fertility. Fertility follows a negative

educational gradient. The expected number of children is approximately 3.0 (=e(%-304+0.797)) for
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couples both of who have education below high school and belong to the oldest age group, and
declines to 1.8 (=e%6%9) for husbands and wives in the highest education group and the same age
group. The education of wives plays a slightly stronger role than that of the husbands in
determining the total number of children that a couple has. The three-generation results show
some moderate effects from the couple’s parents on the couple’s total number of children after
the couple’s education is controlled.
[Table 3.5]

Finally, we show the two-sex mobility results from ordinal logistic regressions in Table
3.5. Unlike the one-sex mobility models presented in Table 3.1 and 3.2, the two-sex models
include both parents’ and all four grandparents’ educational characteristics. We test differences
between the two-generation and three-generation models in Appendix Table C, which shows that
grandparents have a jointly strong effect on the educational attainments of their grandsons and
granddaughters after parents’ education is taken into account. The three-generation models with
no constraints in Table 3.5 show individual effects for each of the four grandparents. We test
whether these effects are different from each other by fitting a variety of nested models. Our
preferred models, namely model 5, show equal effects for all four grandparents for both
grandsons and granddaughters. We present coefficients from the preferred (constrained) model in
Table 3.5, which suggest that overall grandsons and granddaughters with highly educated
grandparents are also more likely to achieve higher education themselves even if parental
education levels are held constant. Although grandfathers and grandmothers on the paternal and
maternal sides of the family may play different roles in the upbringing of their grandchildren
(e.g., Cherlin and Furstenberg 1986), we find no systematic support for any of these differentials

in the intergenerational associations of grandparents, parents, and grandchildren’s educational
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attainments. This finding parallels Beller’s (2009) result that fathers and mothers have
approximately equal occupational associations with their offspring even though they may play
different roles in a child’s development.

Based on coefficients of parents’ and grandparents’ education in marriage, fertility, and
intergenerational mobility models, we estimate net and total social reproduction effects of
parents and grandparents in Table 3.6 by comparing the college group and the high-school group.
The mobility probability differences in the last column show that individuals are more likely to
obtain a college degree if both of their parents are college graduates (diff = 0.52) relative to
having either a college educated father (0.37) or a college educated mother (0.44). In addition,
having all four grandparents as college graduates does not give individuals much advantage of
graduating from college ( 0.062) relative to having only the paternal grandfathers as college
graduates (0.061), but it does provide a benefit relative to having only college-educated maternal
grandmothers (0.031).

The net and the total social reproduction effects of parents are smaller than the mobility
probability differences because education is negatively associated with the probability of
marriage and the level of fertility, especially when both fathers’ and mothers’ educational levels
are taken into account. The one-sex model suggests that a college father produces 0.3 more sons
in college than a high-school father, whereas the two-sex model further suggests that a couple
both with college degrees produces 0.2 more college offspring than a couple both with only high-
school degrees.

The social reproduction effects of grandparents are much smaller than those of parents.
The one-sex models for males suggest that a college grandfather and a high-school father

produce 0.06 more college sons than a high-school grandfather and a high-school father. A
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college grandfather produces 0.13 more college grandsons than a high-school grandfather in
total. The effects become negative in two-sex models, suggesting that a high-school couple with
all their four parents as college graduates produces 0.026 fewer college offspring than a high-
school couple with all their four parents as high-school graduates. The main reason is that the
probability of union formation between a high-school man with college parents and a high-
school woman with college parents is smaller than that probability between a high-school man
with high-school parents and a high-school woman with high-school parents given the two-
generation assortative mating patterns shown in Appendix Table 3B. For the same reason, two
college couples produce 0.13 fewer college grandchildren than two high-school couples.

[Table 3.6]

Taken together, compared to the one-sex models, the two-sex models reveal additional
mechanisms that create multigenerational educational inequality across families. Specifically,
characteristics of fathers and mothers as well as all four grandparents jointly determine the
parents’ union formation, fertility, and their offspring’s educational mobility. Education of all
four grandparents plays an almost equally important role in the educational mobility of their
grandsons and granddaughters. To a large extent, multigenerational educational influences from

grandparents to grandchildren are “gender-blind”—mno systematic differences exist between

grandfathers and grandmothers as well as between paternal and maternal grandparents.

3.7 LONG-TERM MULTIGENERATIONAL INFLUENCES
The short-term mechanisms in the transmission of educational advantages in three
generations may affect the long-term educational reproduction of families. We examine the

eventual advantages of high-education families in producing high-education progeny compared
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to those of low-education families. If a family has at least one parent holding a college degree,
compared to another family in which neither of the parents holds a college degree, what are the
differences in the number of progeny in subsequent generations who themselves have college
degrees? Our long-term multigenerational analysis relies on the marriage, fertility, and mobility
rules described above in the method section and the parameters estimated from the short-term
analyses presented in Tables 3.1 to 3.5. We simulate the educational distribution of families by
generations, and explore the evolution of educational reproduction of college- and non-college
origin families before the simulation system achieves its equilibrium.

[Figure 3.1]

Figure 3.1 presents simulation results based on one-sex and two-sex approaches for both
two-generation and three-generation models of short-term effects. We allow for patterns of
differential marriage and net fertility in the one-sex simulation, and further incorporate
assortative mating in the two-sex simulation. The gray dashed and dotted lines represent the one-
sex, two-generation multigenerational effects for males and females respectively. The solid lines
represent results from two-sex models. All the black lines represent results that further
incorporate grandparent effects in the mating, fertility, and mobility rules. Our interest is the
relative educational reproductive success of college over non-college origin families, which is
defined as the ratio of college progeny per college family to college progeny per non-college
family. A value above 1 means that college-origin families produce more college descendants
than non-college families. As discussed earlier, due to the negative relationship between
education and fertility, educational advantages for the progeny of college families may be offset

by the lower fertility of these families.
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Figure 3.1 reveals several important patterns. First, within the first three generations,
families that start with college education produce more college descendants than families that
start with non-college education, as the values of the ratio for all the lines are above 1. This
implies that for first-generation college families, the achievement of going to college does not
only change the educational outcomes of the present generation, but may benefit as many as
three generations ahead. Second, the ratio from one-sex models falls below 1.0 and converges to
a value between 0.6 and 1.0 over the next 5 to 10 generations, depending on the model, meaning
that fertility disadvantages of college-origin families offset their initial educational mobility
advantages, and eventually college-origin families produce fewer college-educated descendants
than non-college families. Thus the effect of being in the higher education group is negative over
the longer term because the lower fertility of this group more than offsets the mobility
advantages that they can provide their offspring in the short term. Third, comparing the gray
lines with the black lines, we find that the long run educational reproduction of families depends
upon whether the mating, fertility, and mobility processes are Markovian (only parents’ effect) or
non-Markovian (parents’ and grandparents’ effects). Under a three-generation model, the ratio
converges to the equilibrium more slowly and reaches a lower value than under a two-generation
model. For example, for the one-sex female models, the ratio declines from 0.8 in a two-
generation model to 0.7 in a three-generation model. This result suggests that when both parents
and grandparents are involved in the educational reproduction of families, educational inequality
between college and non-college families is greater than when only parents are involved.
Moreover, this inequality is even greater when all four grandparents’ effects (the black solid line)
rather than only one grandparent effect are considered (the black dashed and dotted lines).

Finally, the two-sex results gradually converge to an equilibrium ratio equal of 1, which indicates
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no long run relative educational reproduction advantages among families after roughly 17
generations. The multigenerational influences caused by a family’s initial educational status and
fertility only persist for a limited number of generations. In contrast, the one-sex approach
suggests that the ratio will be stable over time at a level that reflects net fertility differences
among education groups.

The above equilibrium results point to very different conclusions about long run effects
of socioeconomic differences among families depending on whether one adopts a one-sex or
two-sex model. To investigate the differences between the two approaches, we simulate a
combination of one-sex and two-sex mating and mobility models (shown in Table 3.7). For the
one-sex mating model, we assume the absence of a marriage market, and thus the number of
marriages is determined by the number and preferences of either males or females. For the two-
sex mating models, we assume three mating rules as described above: unrestricted, endogamous
and random mating. For mobility models, we distinguish between models assuming immobility,
in which individuals always inherit their same-sex parent’s educational status, and models
assuming mobility, in which individuals’ education may be different from their parents’
education. We further divide the latter into one-sex and two-sex mobility models. The one-sex
mobility model assumes that parents only influence offspring of the same sex, whereas the two-
sex model assumes that parents influence offspring of both sexes. The one-sex and two-sex
models shown in Figure 3.1 refer to scenarios 10 and 2 respectively, which assume that mating
and mobility both follow two-sex or one-sex rules.

[Table 3.7]

[Figure 3.2]
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Figure 3.2 shows that, except for scenarios 6 and 12, all models that take into account a
two-sex mating rule indicate a disappearing long run educational disparity between families,
whereas all one-sex models without a mating rule indicate a permanent disparity. In all two-sex
scenarios except scenario 6, high- and low-education origin families are connected because the
mating rule allows marriages formed between progeny from families of different educational
origins. Note that in scenario 4 and 5, when only endogamy is allowed, intermarriages between
high-education and low-education families can still happen through mobility—for example,
progeny born into low-education families achieve upward mobility and marry those from high-
education families. In scenario 6 marriages between high- and low-education origin families
never occur, as their progeny always marry within their own education groups and
intergenerational immobility precludes any intermarriage that occurs as a result of mobility.
Therefore, in the presence of intermarriage, whether explicitly permitted by the marriage rule
(scenarios 1, 2, 3,7, 8, 9) or in subsequent generations as a result of intergenerational mobility
(scenarios 4, 5), more and more progeny in later generations carry both high-education and low-
education origin ancestry in their background. Over generations an increasing proportion of
high-education families have low-education descendants who are also descendants of low-
education families, and vice versa. Such a trend is consistent with Bernheim and Bagwell’s
(1988) argument that intermarriages make the existence of independent, persistent family
dynasties demographically impossible. As a result, the educational distributions of progeny of
high- and low-education families become increasingly alike over generations, implying that the
educational disparities among families eventually disappear.

The two-sex approach, however, is not always superior to the one-sex approach. The one-

sex approach is still useful when the transmission of education and other social characteristics
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are sex-linked. For example, social positions in a patriarchal society during China’s historical
dynasties (Lee and Campbell 1997; Lee and Wang 1999; Mare and Song 2014) and the priest
status in the ancient Jewish population (Goldstein 2008) were inherited only through male lines.
This is analogous to the inheritance of the human Y chromosome, which can only be passed
down from paternal grandfathers to fathers then to sons. Although marriages connect genealogies
of families and thus make progeny social descendants of both their paternal and maternal
families, their sex-linked characteristics are still uniquely linked to their paternal families. When
comparing descendants who carry the sex-linked characteristics from families with and without
such characteristics, we only need to count male descendants in the male line, not all social
descendants in both lines. Therefore, the one-sex model is enough to explain the evolution of
inequality in the distribution of the sex-linked characteristics between the two groups of families.

Overall, the two-sex approach is not simply an extension of the one-sex approach. The
two models imply different social rules with regard to the inheritance of social status and the
definition of “family networks” formed by marriage. The choice of the approach involves not
only a methodological concern, but also an accurate representation of the underlying social

Pprocesses.

3.8 CONCLUSION

Our analyses of social and demographic mechanisms and their consequences for families’
educational reproduction in the United States yield two main findings. First, in our analysis of
short-term multigenerational effects, a two-sex approach provides a more adequate summary of
the influences of grandparents’ educational attainments on their grandchildren’s education. The

two-sex approach reveals influences of mothers, grandmothers, and maternal grandparents on
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grandchildren’s educational outcomes, which are ignored in models that exclusively analyze
father-son or mother-daughter pairs. These results challenge the Markovian assumption in
mobility studies by showing that grandparents’ educational attainments have a direct net
association with grandchildren’s educational attainments, regardless of parents’ education. All
four grandparents’ educational attainments are associated with the attainments of their grandsons
and granddaughters to an approximately equal degree. More importantly, the two-sex approach
incorporates demographic behaviors of parents, and suggests that grandparents also influence
grandchildren’s education by influencing whether and whom the parents marry and how many
children they have.

Our analysis of long-term effects shows the circumstances under which inequalities in a
given generation may have a much more sustained impact than usually recognized in mobility
research. Relying on multigenerational simulations, we find that the one-sex and the two-sex
approaches show similar trends within the first several generations,? suggesting that initial
educational advantages of families may benefit as many as three generations ahead, but such
advantages are later offset by a negative fertility gradient with educational attainment. Thus,
differential fertility and social mobility jointly shape future educational distributions of progeny.
In the long run, the one-sex approach suggests that such a trend will become stable, whereas the
two-sex approach suggests that all families eventually achieve the same educational distribution
of descendants. By simulating various mating, fertility, and mobility regimes, we show that the
diverging results are explained by intermarriages between high- and low-education origin

families, which are addressed in the two-sex approach, but not the one-sex approach.

21 The number of generations that the two-sex model converges to its equilibrium depends on population size. When
the population size is large, it takes longer for all families to be connected to each other through marriages.
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This study enriches our understanding of multigenerational inequality in several regards.
Along with several other studies (Matras 1961, 1967; Lam 1986; Mare 1997; Mare and Maralani
2006; Maralani 2013; Preston 1974), we illustrate that demography plays an important role in
creating and changing intergenerational inequality. By incorporating demographic pathways into
social mobility processes, we show that the transmission of intergenerational inequality involves
not only the inequality among those who have offspring, but also the inequality between those
who have offspring and those who do not. When one considers inequality over generations, to
grandchildren, great grandchildren, and other progeny, the role of demography becomes
cumulative. The combined analysis of demography and mobility describes the socioeconomic
reproduction of families and the social metabolism of a society.

[Figure 3.3]

Our analyses also link short-term mobility and demographic behaviors with the long-term
educational reproductive success of families. Whereas the short-term results suggest considerable
inequality in mobility opportunities in each generation, the long-term results show an equalizing
trend in educational outcomes across families. The opposing implications of the two results
suggest that future research needs to explicitly model and analyze long-term stratification
processes, rather than assume that short-term inequality necessarily leads to long-term inequality.
The demographic behaviors we consider in this study include assortative mating and differential
marriage and fertility, but future research may consider more complex demographic strategies of
families, including the duration of marriage, ages of parents at childbearing, generation gaps
between grandparents, parents, and grandchildren, childhood family structure of each generation,

and the time periods of observations (Mare 2014).

122



The analyses shown in this paper apply to a single country in a single historical epoch.
They focus on only a single dimension of socioeconomic achievement, educational attainment,
measured dichotomously. They use multivariate models that include a modest list of individual
and family level variables, short of the state of the art in studies that focus purely on two-
generation relationships with no attention to demographic processes or in studies that focus on a
single demographic outcome rather than its interdependence with social mobility. They do not
address the difficult problems of causal inference, which efforts to isolate true multigenerational
effects (rather than descriptive associations that may be spurious in a rigorous causal analysis).
And it is beyond the scope of this paper to specify the circumstances in which analysts should
focus exclusively on what we have termed “short-term” effects, when they should go several
generations beyond the observation span of their data, when they should examine the implied
equilibrium distributions from a short-term model, and when they should consider specific
historical effects that may disrupt the intergenerational trajectories implied by ahistorical models
alone.

Despite these limitations, our analyses have illustrated a wide variety of possible
processes through which educational inequalities among persons in one generation may persist or
change in subsequent generations. The full set of possible types of social mobility analyses is
shown in Figure 3.3. The intergenerational transmission of socioeconomic advantage may be
exclusively through a direct connection between parents and offspring or, additionally, other
more remote kin such as grandparents may also exert their effects across more than one
generation. Intergenerational mobility may be essentially a one-sex process through which
family advantages are embodied in the standing of just one parent or, alternatively, both parents

may have independent effects on their children (and possibly grandchildren as well).
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Intergenerational social mobility may be considered in isolation from demographic processes,
especially fertility and mortality, or we may examine how individuals affect subsequent
generations through intergenerational transmission of status combined with differential net
fertility. And finally, in considering demographic mechanisms we may regard the male and
female populations as reproducing independently via their respective one-sex marriage markets
or we may regard them as interacting populations that constrain each other and, through
assortative marriage, modify the distributions of family socioeconomic positions in successive
generations. The exemplary studies cited in taxonomy in Figure 3.3 show that much of our
research effort has been devoted to relatively simple models and that our empirical investigations

of multigenerational and demographic processes that govern social mobility have a long way to

go.
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Table 3.1 One-Sex Multigenerational Marriage, Fertility, and Mobility Models for Men

Marriage Marital Fertility Mobility
Ever Married Children Ever Born Son’s Education
(Logit) (Negative binomial) (Ordered logit)
Variable 2 Generation 3 Generation 2 Generation 3 Generation 2 Generation 3 Generation
Men’s education
(ref: 0-11)
12 0.414%** 0.385%** -0.169%** -0.156%** - -
(0.074) (0.076) (0.024) (0.025)
13-15 0.595%** 0.564*** -0.268*** -0.243%** - -
(0.083) (0.087) (0.027) (0.029)
16+ 0.837*** 0.811%** -0.358%** -0.321%** - -
(0.090) (0.100) (0.029) (0.031)
Father’s education
(ref: 0-11)
12 - 0.118 - -0.037 0.922%%** 0.874%**
(0.067) (0.021) (0.089) (0.090)
13-15 - 0.073 - -0.053 1.667%** 1.564%**
(0.092) (0.032) (0.109) (0.112)
16+ - 0.050 - -0.077* 2.681*** 2.525%**
(0.093) (0.031) (0.108) (0.113)
Paternal grandfather
(ref: 0-11)
12 - - - - - 0.163
(0.088)
13-15 - - - - - 0.384**
(0.144)
16+ - - - - - 0.544%**
(0.141)
Age group (ref: 25-35)
36-45 1.054%** 1.060%*** 0.137%** 0.133%** - -
(0.071) (0.072) (0.035) (0.035)
46-55 1.453%%* 1.474%%* 0.200%** 0.188*** - -
(0.067) (0.070) (0.032) (0.032)
56-65 2.452%** 2.483%** 0.378%*** 0.359%** - -
(0.089) (0.093) (0.031) (0.032)
Intercept -0.365%** -0.415%** 0.658*** 0.68]1 *** -
(0.079) (0.085) (0.035) (0.036)
Cut Point 1 - - - - -1.059%** -1.038%**
(0.073) (0.073)
Cut Point 2 - - - - 1.222%%* 1.248%**
(0.074) (0.075)
Cut Point 3 - - - - 2.576%** 2.609%**
(0.084) (0.085)
N 9,683 9,683 6,869 6,869 3,122 3,122
Log-likelihood -4540.0 -4538.4 -11480.6 -11476.9 -3741.3 -3731.1

Data source: The Panel Study of Income Dynamics 1968-2011.
Notes: ***p<0.001; **p< 0.01; *p< 0.05. Preferred models are highlighted.
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Table 3.2 One-Sex Multigenerational Marriage, Fertility, and Mobility Models for Women

Marriage Marital Fertility Mobility
Ever Married Children Ever Born daughter’s Education
(Logit) (Negative binomial) (Ordered logit)
Variable 2 Generation 3 Generation 2 Generation 3 Generation 2 Generation 3 Generation
Women’s education
(ref: 0-11)
12 0.515%** 0.423%** -0.240%** -0.224%** - -
(0.081) (0.083) (0.024) (0.025)
13-15 0.708%** 0.579%** -0.330%** -0.309*** - -
(0.089) (0.094) (0.027) (0.029)
16+ 0.792%** 0.650%** -0.490*** -0.461*** - -
(0.094) (0.103) (0.029) (0.032)
Mother’s education
(ref: 0-11)
12 - 0.351%** - -0.050%* 1.265%** LITT***
(0.072) (0.020) (0.091) (0.094)
13-15 - 0.308%** - -0.011 2.021%** 1.787%**
(0.091) (0.028) (0.107) (0.112)
16+ - 0.258%* - -0.069* 3.225%** 2.901#**
(0.105) (0.034) (0.127) (0.134)
Maternal grandmother
(ref: 0-11) - - - - - -
12 - - - - - 0.544%%*
(0.081)
13-15 - - - - - 0.528%***
(0.126)
16+ - - - - - 0.701%**
(0.171)
Age group (ref: 25-35)
36-45 1.108%** 1.127%* 0.157%%** 0.155%** - -
(0.075) (0.076) (0.033) (0.033)
46-55 1.607%** 1.678%** 0.199%%*x* 0.192%** - -
(0.072) (0.075) (0.030) (0.031)
56-65 2.270%** 2.369%** 0.255%** 0.245%** - -
(0.091) (0.094) (0.031) (0.032)
Intercept -0.214%** -0.375%** 0.818%%** 0.836%** - -
(0.085) (0.092) (0.034) (0.036)
Cut Point 1 - - - - -1.264%** -1.210%**
(0.079) (0.079)
Cut Point 2 - - - - 1.239%** 1.313
(0.078) (0.080)
Cut Point 3 - - - - 2.597%** 2.693%**
(0.088) (0.089)
N 9,867 9,867 6,802 6,802 3,145 3,145
Log-likelihood -4202.6 -4190.2 -11073.8 -11069.8 -3651.6 -3622.9

Data source: The Panel Study of Income Dynamics 1968-2011.
Notes: ***p<0.001; **p< 0.01; *p< 0.05. Preferred models based on likelihood ratio tests are highlighted.
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Table 3.3 Two-Sex Assortative Mating and Force of Attraction

Panel A Observed Assortative Mating

Schooling # of eligible # of eligible # of eligible male  # of eligible female # of Force of

Men Women males females person-year person-year marriages attraction (a;;)

(age 25-65) (age 25-65) (age 25-65) (age 25-65)

0-11 0-11 1,534 1,466 17,314 12,781 451 0.061
12 1,534 3,846 17,314 28,872 493 0.046
13-15 1,534 2,484 17,314 20,108 119 0.013
16+ 1,534 2,017 17,314 19,329 28 0.003

12 0-11 3,872 1,466 38,730 12,781 379 0.039
12 3,872 3,846 38,730 28,872 1,478 0.089
13-15 3,872 2,484 38,730 20,108 658 0.050
16+ 3,872 2,017 38,730 19,329 239 0.019

13-15 0-11 2,317 1,466 23,609 12,781 96 0.012
12 2,317 3,846 23,609 28,872 568 0.044
13-15 2,317 2,484 23,609 20,108 671 0.062
16+ 2,317 2,017 23,609 19,329 349 0.033

16+ 0-11 1,860 1,466 19,585 12,781 20 0.003
12 1,860 3,846 19,585 28,872 210 0.018
13-15 1,860 2,484 19,585 20,108 355 0.036
16+ 1,860 2,017 19,585 19,329 883 0.091

Total Total 9,583 9,813 99,238 81,090 6,992 -

Data source: The Panel Study of Income Dynamics 1968-2011.
Notes: The expected number of eligible person years = average age at marriage (for the married) * the number of married + (60-18) * # of unmarried.
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Table 3.4 Two-Sex Multigenerational Marriage and Fertility Models for Men and Women

Marriage Marriage Marital Fertility
Men Ever Married Women Ever Married Couples
(Logit) (Logit) (Negative binomial)
Variable 2 Generation 3 Generation 2 Generation 3 Generation 2 Generation 3 Generation
Men’s education
(ref: 0-11)
12 0.414%*** 0.378*** - - -0 111%** -0.096***
(0.074) (0.077) (0.018) (0.018)
13-15 0.595%** 0.572%** - - -0.155%** -0.132%**
(0.083) (0.089) (0.021) (0.022)
16+ 0.837*** 0.827%** - - -0.207%** -0.172%%**
(0.090) (0.103) (0.024) (0.026)
Women'’s education
(ref: 0-11)
12 - - 0.515%%** 0.396%** -0.152%** -0.139%**
(0.081) (0.084) (0.018) (0.019)
13-15 - - 0.708*** 0.535%** -0.196*** -0.180%**
(0.089) (0.095) (0.021) (0.022)
16+ - - 0.792%** 0.553%** -0.285%** -0.264%**
(0.094) (0.106) (0.025) (0.026)
Men'’s father (ref: 0-11)
12 - 0.090 - - - 0.017
(0.073) (0.017)
13-15 - 0.106 - - - 0.007
(0.099) (0.024)
16+ - 0.090 - - - -0.014
(0.103) (0.025)
Men’s mother (ref: 0-11)
12 - 0.105 - - - -0.053**
(0.075) (0.017)
13-15 - -0.140 - - - -0.056*
(0.095) (0.024)
16+ - -0.070 - - - -0.051
(0.110) (0.027)
Women'’s father
(ref: 0-11)
12 - - - 0.181%* - -0.031
(0.076) (0.017)
13-15 - - - 0.182 - -0.048*
(0.099) (0.023)
16+ - - - 0.465%** - -0.031
(0.111) (0.024)
Women’s mother
(ref: 0-11)
12 - - 0.269%** - -0.010
- (0.078) (0.017)
13-15 - - 0.189 - 0.056*
- (0.098) (0.022)
16+ - - - 0.040 - -0.016
(0.117) (0.027)
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Table 3.4

(continued)
Marriage Marriage Marital Fertility
Men Ever Married Women Ever Married Couples
(Logit) (Logit) (Negative binomial)

2 Generation 3 Generation

2 Generation

3 Generation

2 Generation

3 Generation

Age group (ref: 25-35)

36-45 1.054%%% 1.050%%* 1,108+ 1.127%% 0.153%% 0.148%**
(0.071) (0.072) (0.075) (0.076) (0.024) (0.024)

46-55 1.453 %% 1.457%%%* 1.607%** 1.708%** 0.193%** 0.181%%*
(0.067) (0.070) (0.072) (0.076) (0.022) (0.023)

56-65 2450k 2.468% % 2.270% % 2.407%%% 0.304%% 0.285%+
(0.089) (0.094) (0.091) (0.096) (0.022) (0.023)

Intercept 20.365%F%  _A417FFF  0.214% -0.424%%%* 0.797%%** 0.8247%%
(0.079) (0.089) (0.085) (0.094) (0.026) (0.028)

N 9,683 9,683 9,867 9,867 13,311 13,311

Log-likelihood -4540.0 -4533.1 -4202.6 41812 -21944.9 21927.1

Data source: The Panel Study of Income Dynamics 1968-2011.

Notes: ¥**p<0.001; **p<0.01; *p<0.05.
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Table 3.5 Two-Sex Multigenerational Mobility Models for Men and Women aged 25-65

MEN WOMEN
Two- Three- Three-Generation Two- Three- Three-Generation
Variable Generation  Generation (constraints) Generation  Generation (constraints)
Father’s education
(ref: 0-11)
12 0.504%**  (0.461%** 0.455%** 0.469%** 0.367%** 0.360%**
(0.096) (0.098) (0.098) (0.094) (0.096) (0.096)
13-15 1.045%**  (0.962%** 0.952%** 0.861%** 0.701%** 0.700%**
(0.119) (0.123) (0.122) (0.116) (0.119) (0.119)
16+ 1.695%** 1.575%** 1.560%** 1.559%** 1.361%** 1.353%**
(0.126) (0.131) (0.131) (0.127) (0.133) (0.132)
Mother’s education
(ref: 0-11)
12 0.877%**  (.842%%* 0.836%** 0.936%** 0.835%** 0.846%**
(0.103) (0.104) (0.104) (0.099) (0.101) (0.101)
13-15 1.277%%* 1.215%** 1.204%%** 1.395%%** 1.230%** 1.243%**
(0.126) (0.129) (0.128) (0.121) (0.124) (0.124)
16+ 2.022%%** 1.851%%** 1.861%** 2.309%%** 2.077%** 2.098%**
(0.142) (0.149) (0.148) (0.146) (0.152) (0.151)
Paternal grandfather
(ref: 0-11)
12 - -0.041 0.076* - -0.006 0.139%*
(0.100) (0.032) (0.099) (0.032)
13-15 - 0.153 0.055 - 0.322 0.231%**
(0.151) (0.058) (0.172) (0.062)
16+ - 0.219 0.210%** - 0.241 0.184%%*
(0.158) (0.061) (0.167) (0.063)
Paternal grandmother
(ref: 0-11)
12 - 0.012 0.076* - 0.151 0.139%*
(0.090) (0.032) (0.091) (0.032)
13-15 - -0.059 0.055 - 0.362%* 0.231%**
(0.150) (0.058) (0.159) (0.062)
16+ - 0.219 0.210%*** - 0.070 0.184%*
(0.184) (0.061) (0.180) (0.063)
Maternal grandfather
(ref: 0-11)
12 - 0.080 0.076* - 0.076 0.139%*
(0.094) (0.032) (0.097) (0.032)
13-15 - 0.240 0.055 - -0.053 0.231%**
(0.145) (0.058) (0.146) (0.062)
16+ - 0.375% 0.210%*** - 0.101 0.184%*
(0.164) (0.061) (0.172) (0.063)
Maternal grandmother
(ref: 0-11)
12 - 0.220%* 0.076* - 0.326%** 0.139%*
(0.092) (0.032) (0.094) (0.032)
13-15 - -0.096 0.055 - 0.380%* 0.231%**
(0.133) (0.058) (0.137) (0.062)
16+ - 0.010 0.210%** - 0.301 0.184%*
(0.184) (0.061) (0.194) (0.063)
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Table 3.5 (continued)

MEN WOMEN
Two- Three- Three-Generation Two- Three-  Three-Generation

Variable Generation Generation (constraints) Generation Generation (constraints)
Cut point 1 -0.658%**  _(.632%** -0.636%** -1.129%%* -1.094%%** -1.097%**

(0.084) (0.084) (0.084) (0.082) (0.083) (0.083)
Cut point 2 1.730%** 1.763%** 1.754%%* 1.428%** 1.476%** 1.470%**

(0.092) (0.092) (0.092) (0.085) (0.085) (0.085)
Cut point 3 3.149%** 3. 193%** 3.180%** 2.846%** 2.913%** 2.903%**

(0.102) (0.102) (0.102) (0.095) (0.096) (0.095)
N 3,122 3,122 3,145 3,145 3,145 3,145
Log-likelihood -3633.5 -3619.4 -3571.1 -3547.5 -3625.6 -3619.4

Data source: The Panel Study of Income Dynamics 1968-2011.
Notes: ***p<0.001; **p< 0.01; *p< 0.05.
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Table 3.6 Short-Term Net and Total Social Reproduction Effects

Social Reproduction Effect Mobility probability
Net effect Total effect differences

Parents

One-sex (father) 0.315 0.315 0.366

One-sex (mother) 0.329 0.329 0.443

Two-sex 0.224 0.224 0.518
Grandparents

One-sex (grandfather) 0.055 0.131 0.061

One-sex (grandmother) 0.026 0.046 0.031

Two-sex -0.026 -0.132 0.062

Data source: The Panel Study of Income Dynamics 1968-2011.

Notes: For the net social reproduction effect, we compare parents (or grandparents) who are college graduates
to those who are high-school graduates in producing college offspring. For the total net effect of grandparents,
we compare grandparents who are college graduates to those who are high-school graduates in producing
college grandchildren. For the mobility probability differences, we calculate the difference between the
probability of attaining college by having college parents rather than high-school parents (or college

grandparents and high school parents vs. high-school grandparents and parents). These figures are calculated
based on equations (4), (5), (9), and (10).
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Table 3.7 Hypothetical Long-Term Mating and Mobility Rules (with differential fertility)

Mobility
Yes No
One-sex Two-sex One-sex
Mating Rule same-sex parent same-sex parent
Two-sex Unrestricted 1 2 3
Endogamous 4 5 6
Random 7 8 9
One-sex  No mating 10 11 12

Notes: we also experiment with mobility patterns in which both sons and daughters are influenced by
their fathers. The results are the same as those from the one-sex mobility, in which sons and daughters are
only influenced by the same-sex parent.
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3.0
25
20 F \y
o
D15 | Two-sex long-term
“uLﬁ multigenerational effect
1.0 |
(no effect)
05
One-sex long-term
multigenerational effect
00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Synthetic Generations

— — 1l-sex, 2-generation, male  — — 1-sex, 3-generation, male  ---eeoeee 1-sex, 2-generation, female

---------- 1-sex, 3-generation, female 2-sex, 2-generation 2-sex, 3-generation

Figure 3.1 Multigenerational Reproduction of College Education

Notes: We define the effect as the ratio of college progeny per college family over college
progeny per non-college family. The ratio = 1 means no multigenerational effect.
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Effect

No effect: 1,2,3,4,5,7,8,9

Permanent effect: 10, 11 7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Synthetic Generations

1 unrestricted, one-sex mobility = ====- 2 unrestricted, two-sex mobility
—&— 3 unrestricted, immobility — — 4 endogamy, one-sex mobility
—&— 5 endogamy, two-sex mobility e——pe 6, endogamy, immobility
+e+«@--- 7 random, one-sex mobility —X— 8 random, two-sex mobility
—a— 9 random, immobility — — 10 no mating, one-sex mobility

11 no mating, two-sex mobility ~ ====-- 12 no mating, immobility

Figure 3.2 Multigenerational Reproduction of College Education based
on Various Scenarios of Mating and Mobility Rules

Notes: We define the effect as the ratio of college progeny per college family over college
progeny per non-college family.
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Figure 3.3 Taxonomy of Multigenerational Effects and Exemplary Studies
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Appendix Table 3A Summary Statistics of Demographic and Educational Characteristics by Generations

Marriage/Fertility Sample

Mobility Sample

Paternal Paternal Maternal Maternal

Variable Male  Female Father Mother Son Daughter  Father Mother grandfather grandmother grandfather grandmother
Schooling
(%)
0-8* 3.8 3.8 26.5 19.5 1.3 1.3 16.4 10.7 57.4 44.0 49.7 41.8
9-11 12.3 11.2 11.5 13.1 11.3 7.8 11.5 11.5 9.6 14.0 12.5 15.4
12 40.5 39.2 34.5 39.9 38.7 37.6 353 42.4 20.7 30.6 22.9 28.2
13-15 24.0 253 12.5 15.5 25.2 26.0 16.6 19.1 5.4 6.3 7.5 9.3
16+ 19.3 20.5 15.0 12.1 23.6 27.4 20.3 16.3 6.9 5.1 7.6 5.4
Age group
(%)
25-35 18.9 19.1 29.2 30.1
36-45 20.5 20.1 24.0 22.1
46-55 333 34.0 28.9 30.7
56-65 27.2 26.7 17.9 17.1
Race (%)
Whites 55.9 51.9 68.6 64.6
African 30.2 332 25.7 30.6
Americans
Others 14.0 14.9 5.8 4.8
#Siblings 3.3 34 3.1 3.2

(2.6) 2.7) (2.6) (2.6)
N 9,683 9,867 19,550 19,550 3,122 3,145 6,267 6,267 6,267 6,267 6,267 6,267

Data source: The Panel Study of Income Dynamics 1968-2011.
Notes: Given the small sample size of sons and daughters in the educational category 0-8, we combine 0-8 and 9-11 into one category in the analyses.
We restrict males and females in the marriage/fertility sample and sons and daughters in the mobility sample to individuals aged 25-65. Figures in
parentheses are standard deviations.
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Appendix Table 3B Multigenerational Assortative Mating and Force of Attraction (the top 30 of a;; out of 4,096)

Panel A Observed Assortative Mating

Schooling # of eligible  # of eligible # of eligible # of eligible female # of Force of
Male Male’s Male’s  Female Female’s  Female’s males females male person-year person-year marriages  attraction

father mother father mother (age 25-65)  (age 25-65) (age 25-65) (age 25-65) (a;j)

12 12 16+ 0-11 0-11 16+ 93 5 866 11 1 0.0921
12 12 0-11 0-11 0-11 16+ 277 5 2,675 11 1 0.0913
0-11 0-11 0-11 0-11 0-11 0-11 862 903 9,614 7746 282 0.0657
12 0-11 0-11 12 0-11 0-11 957 1,152 9,064 9135 210 0.0462
13-15 16+ 12 0-11 0-11 16+ 108 5 1,248 11 1 0.0459
13-15 12 12 0-11 0-11 16+ 596 5 5,925 11 1 0.0455
0-11 0-11 16+ 0-11 0-11 0-11 8 903 47 7746 2 0.0428
16+ 16+ 16+ 16+ 16+ 16+ 444 452 4,482 4504 91 0.0403
13-15 16+ 12 0-11 16+ 13-15 108 2 1,248 26 1 0.0393
12 12 12 12 12 12 1,117 929 11,371 6525 159 0.0384
0-11 0-11 0-11 12 0-11 0-11 862 1,152 9,614 9135 168 0.0359
12 12 12 12 16+ 12 1,117 90 11,371 484 17 0.0355
0-11 16+ 16+ 12 0-11 0-11 7 1,152 74 9135 3 0.0341
16+ 16+ 16+ 16+ 16+ 13-15 444 173 4,482 1529 35 0.0303
0-11 0-11 0-11 0-11 16+ 0-11 862 9 9,614 67 2 0.0301
12 0-11 0-11 0-11 12 0-11 957 105 9,064 739 20 0.0293
12 0-11 0-11 0-11 0-11 0-11 957 903 9,064 7746 117 0.0279
0-11 0-11 0-11 0-11 16+ 12 862 6 9,614 58 2 0.0260
0-11 13-15 16+ 0-11 12 0-11 6 105 41 739 1 0.0257
0-11 13-15 16+ 13-15 13-15 13-15 6 208 41 1571 1 0.0250
0-11 16+ 0-11 13-15 0-11 12 7 223 41 1879 1 0.0249
0-11 16+ 0-11 12 0-11 12 7 492 41 3447 1 0.0247
0-11 16+ 0-11 0-11 0-11 0-11 7 903 41 7746 1 0.0245
12 12 0-11 0-11 12 16+ 277 4 2,675 42 1 0.0242
12 0-11 0-11 12 0-11 12 957 492 9,064 3447 60 0.0240
16+ 12 12 16+ 12 12 340 341 3214 3139 37 0.0230
0-11 12 16+ 12 12 12 5 929 44 6525 1 0.0229
13-15 0-11 0-11 13-15 0-11 0-11 329 380 3,340 3196 37 0.0227
0-11 0-11 16+ 12 13-15 13-15 8 124 47 1038 1 0.0222
12 0-11 0-11 12 16+ 0-11 957 22 9,064 137 3 0.0222

Notes: We find that 2,266 of the total 4,096 a;; equals 0. A full list is available upon request.
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Appendix Table 3C Goodness-of-Fit Statistics for Two-Sex Multigenerational Mobility Models

Model Description Comparisons between 2-generation

and 3-generation models

Comparisons between
3-generation models

LR X?vs.1 dfvs.1  p-value LRX? dfvs.2 p-value
vs. 1 vs. 2 vs. 2

Men

1 FF=MF=MF=MM=0 - - - - - -
(2 generation model)

2 FF#MF#MF£MM#0 28.2 12 0.005 - - -
(full 3 generation model)

3 FF=MF=MF=MM#0 15.7 3 0.001 12.5 9 0.186

(restricted 3 generation model)

4 FF=FM and MF = MM 20.0 6 0.003 8.2 6 0.221

5 FF=MF and FM = MM 222 6 0.001 6.0 6 0.428

Women

1 FF=MF=MF=MM=0 - - - - - -
(2 generation model)

2 FF£#MF#MF£MM#0 472 12 0.000 - - -
(full 3 generation model)

3 FF=MF=MF=MM#0 36.1 3 0.000 11.1 9 0.268

(restricted 3 generation model)
4 FF=FM and MF = MM 40.6 6 0.000 6.6 6 0.358
5 FF=MF and FM = MM 40.5 6 0.000 6.7 6 0.351

Notes: FF- father’s father, MF- father’s mother, MF- mother’s father, MM- mother’s mother.
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CHAPTER 4

Ancestry Matters: Descent Line Growth and Extinction

4.1 INTRODUCTION

We assess whether males in historical China successfully translated their high status into larger
numbers of patrilineal descendants in subsequent generations. We focus on patrilineal
descendants because family reproductive strategies in China and many other patriarchal societies
focused on the growth or at least continuity of the male descent line (Cohen 1990; Freedman
1966; Harrell 1985; Lee and Wang 1999; Wolf and Huang 1980; Wolf 2001). We rely on direct,
empirical analysis of multi-generational data to measure status influences on long-term
reproductive success as reflected in the growth or extinction of descent lines. Previous
demographic and population genetic studies of long-term reproductive success and resulting
changes in population composition mostly extrapolated from data on two generations, by using
measured relationships between parents’ and children’s outcomes as inputs to analytic models or
simulations (Bodmer 1965; Cavalli-Sforza and Feldman 1981; Hartl and Clark 2007; Mare 1997,
Preston and Campbell 1993; Wachter, Hammel and Laslett 1978).

We conceptualize representation by descendants in the population generations later as a
demographic outcome of interest to population geneticists and evolutionary biologists and as a
stratification outcome important to demographers, sociologists, and other social scientists.
According to evolutionary theory, the animating force in the competition for status in each
generation is the need to be represented in later generations (Fisher 1958). From the standpoint

of a descent line founder, all of the outcomes normally considered in studies of the implications
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of status—including marriage, fertility, health, mortality, and the transmission of status—are
simply the means to an end: representation, or overrepresentation, by descendants in later
generations. The overarching importance of representation in later generations is not an abstract
proposition emphasized in evolutionary theory. In historical China, the subordination of
strategies for marriage, reproduction, and attainment to the overarching goal of having patrilineal
descendants was explicit. By focusing directly on representation in later generations instead of
the various demographic and social outcomes that interact to determine it, we introduce a new
perspective that emphasizes the overall implication of social and economic status, not the
separate, partial implications.

To examine the influence of male founders’ characteristics on numbers of patrilineal
descendants, we apply regression-based techniques to two large prospective, multi-generational
demographic databases that describe populations at opposite ends of the social spectrum during
the last imperial dynasty of China (Qing, 1644-1911): the Imperial Lineage, who lived largely in
Beijing, and populations of farmers who lived in the northeast Chinese province of Liaoning
(Lee, Campbell and Wang 1993; Lee, Campbell and Chen 2010). Since our data are prospective
and the populations are closed, they are free of the survivor bias and loss to follow-up that are
typical of family genealogies and other retrospective data. They allow us to follow not only the
descent lines which flourished, but also the ones which became extinct. Even though the
populations we study are not representative of historical Chinese populations in a formal,
statistical sense, their positions at nearly opposite ends of the social spectrum make it reasonable
to claim that observed similarities are indicative of basic processes common to historical Chinese

populations, and perhaps other historical populations as well.
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Relying on a one-sex population growth framework, we define a descent line to consist of
a male founder and all his patrilineal male descendants, namely his son, his sons’ sons, and so
forth. We show that the status of a descent line founder influenced his representation in later
generations not only because he had more sons, but also because for several more generations,
his patrilineal descendants also had more sons. Descent lines founded by high status males
eventually accounted for a disproportionately large share of the population. While the growth
rate advantages of descent lines with high status founders emerged in the initial generation, these
advantages eventually dissipated. As a result, the share of the population occupied by the
descendants of high status descent line founders increased for several generations, then
stabilized. The results suggest a long-term trend of regression to the mean for the growth rates of
high status descent lines.

By assessing descent line extinction separately from descent line growth, we challenge a
common belief that families in historical China (Hsu 1943; Wolf 1995:116-117; 2001) and
elsewhere (e.g., Betzig 1986; Turke 1989; see a summary in Table 1 of Hopcroft 2006) always
maximized their number of male births. Our results show that the social status of founders had a
greater and more enduring effect on the chances of descent lines becoming extinct than it did on
the growth rates of the lines that avoided extinction. The results imply that high-status descent
lines achieved overrepresentation in succeeding generations by minimizing their extinction
probabilities rather than by maximizing the number of male births in each generation. The results
provide empirical evidence of short-term versus long-term and quantity-quality trade-offs in
family reproductive success as suggested by life history theory (Hill and Kaplan 1999; Mace

2000).
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This study enriches our understanding of multi-generational social stratification
processes. Our results substantiate Mare’s (2011) argument that traditional social mobility
studies provide an incomplete picture of social inequality between families by focusing
exclusively on surviving families or descent lines. In addition, our results imply a channel for an
indirect influence of ancestor’s characteristics on individuals’ social attainments. Among
surviving descent lines, if individuals’ life chances depend on the characteristics of their kin
networks (Campbell and Lee 2008a, 2011; Jeeger 2012), the reproductive success of high status
founders would influence the social characteristics of their descendants by shaping the size and
composition of the patrilineal kin networks in which they were embedded. This would represent
a novel channel by which a distant ancestor’s characteristics influenced contemporary

stratification outcomes.

4.2 BACKGROUND

4.2.1 Social Stratification, Demographic Differentials and Descent Line Dynamics
Classic approaches to the study of social stratification and mobility do little to illuminate
the implications of status differentiation in one generation for long-term “processes of ‘social

299

metabolism’” (Duncan 1966). Intergenerational social mobility studies typically examine
influences of parents’ social status on social success of offspring independently of mortality and
fertility patterns at the population level (e.g., Blau and Duncan 1967; Erikson and Goldthorpe
1992; Featherman and Hauser 1978; Long and Ferrie 2013). Only a few studies have examined
how social mobility and demographic differentials interact to shape long-term population

renewal as well as growth and decline of various social groups (Lam 1986; Maralani 2013; Mare

1997; Mare and Maralani 2006; Matras 1961, 1967; Preston 1974; Preston and Campbell 1993).
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Because of a lack of multi-generational data, most of these studies rely on projections or
simulations from two-generation models. Their results are heavily dependent on assumptions
included in the model.

Studies of stratification processes and population composition should account for
potentially complex interactions between status differentials in demographic behaviors. In many
preindustrial societies, high status was associated with increased reproductive fitness, in the form
of larger numbers of surviving offspring (Courtiol et al. 2012; Gillespie, Russell, and Lummaa
2008; Goodman et al. 2009; Hill 1984; Huber, Bookstein, and Feider 2010; Nettle and Pollet
2008). While the positive relationship between high status and reproductive fitness should have
led to long-term growth of high status descent lines, life history theory also suggests that family
trade-offs between quantity and quality of children as well as between current and future
reproduction may have made relationships between male social status and the number of
patrilineal descendants very complex (Hill and Kaplan 1999). Parents may have fewer children
than they are physiologically capable of in order to enhance the chances that offspring will
survive to adulthood, find an acceptable spouse, attain high status, or have children of their own
(Boone and Kessler 1999; Goodman et al. 2012; Hill 1984; Huber et al. 2010; Liu and Lummaa
2011; Liu, Rotkirch and Lummaa 2012). Families may exercise control over current number of
offspring in order to preserve resources for reproduction of future generations.

To account for trade-offs between maximization of total number of offspring and
minimization of extinction chances, it is necessary to compare and contrast the effect of status on
descent line growth rates and extinction probabilities. The influence of social status on the
probability of childlessness may differ from its influence on the total number of children among

couples who have at least one. For example, Fieder and Huber (2007) show that the relationship
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between socioeconomic status and reproductive success depends on the inclusion and exclusion
of childless individuals. Most importantly, descent lines face hurdles in each generation that
must be overcome to have any representation in the next generation. The most obvious of these
hurdles in traditional societies is marriage (e.g., Dherbé&ourt 2013; Goodman and Koupil 2010).
At least one man in each generation must marry and have one child for the descent line to be
represented in the following generation. If the effects of social status on reproductive success in
each generation differed by parity of births, high status may have had a more complex effect on
descent line dynamics than a simple increase in the mean number of offspring.

Studies of descent lines confirm that extinction was common in historical populations,
and that small numbers of descent lines eventually accounted for large shares of the population.
Systematic efforts to study the long-term growth and extinction of descent lines date back at least
to Francis Galton and H.W. Watson’s (1874) application of branching theory to study aristocratic
surnames. Lotka (1929, 1931, 1941) subsequently estimated family extinction probabilities for
male descent lines in the United States white population in 1920. Wachter and Laslett (1978)
analyzed the long-term influences of such demographic behaviors as marriage and reproduction
on the extinction of British elite patrilines. Empirical, theoretical, and simulation studies in
population genetics go further and show that over the long-term, the overwhelming majority of
descent lines become extinct, and a small subset become dominant (Semino et al. 2000, Chang
1999; Lachance 2009; Murphy 2004; Rohde, Olson and Chang 2004).

Changes over time in the distribution of surnames in aggregated data provide additional
insights into long-term processes of descent line growth and extinction (Matsen and Evans
2008). In societies that experience little immigration, surname distributions become highly

concentrated and the distribution of their sizes highly skewed (e.g., Piazza et al. 1987; Yasuda et
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al. 1974). In China, less than 5% of the surnames in use account for 85% of the population (Du et
al. 1992; Colantonio et al. 2003). Surname studies by population geneticists suggest that even if
the evolution of surnames has no association with traits that are transmissible and related to
reproduction, random drift will still generate inequality in descent line size that has nothing to do
with founder’s characteristics (Cavalli-Sforza, Menozzi and Piazza 1994).

Most studies of descent line growth and extinction focus on patrilineal descent lines.
Substantive interest in male descent lines reflects the tendency in historical and/or patriarchal
societies for important social processes such as surname transmission, inheritance of property
and status, and the formal delineation of kin relationships to be based primarily on patrilineal
descent. Matrilineal descent lines likely had fundamentally different dynamics, making it
impossible to draw inferences from findings on patrilineal descent lines (Borgerhoff Mulder
2000; Hopcroft 2006; Lee and Wang 1999; Mann 2002; Turke 1989). Most importantly, variance
in the number of offspring was larger for men than for women. Men not only had a longer
reproductive span than women, but in many societies, had more opportunities for remarriage or
polygyny, especially among those with high socioeconomic statuses.

Studies of descent line dynamics that simultaneously consider patrilineal and matrilineal
descent are rare because of the complexity of the associated mathematical models. While two-
sex models of population dynamics are certainly preferred from both a theoretical and
substantive perspective, they pose considerable methodological challenges that have not been
satisfactorily solved in previous literature (Caswell 2001: 568-590). For example, the famous
“two-sex” problem in demographic literature shows that models based on patrilineal and
matrilineal descent may yield inconsistent results if intermarriage between families is ignored

(Pollak 1986, 1990). The double-counting of individuals in their patrilineal and matrilineal
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descent lines introduces additional complexity. Theoretical and empirical studies suggest that if
matrilineal and patrilineal ancestry are both considered, very large proportions of the population
have at least one relatively recent ancestor in common. For example, in Quebec, nearly 100% of
the population has at least one common ancestor within the last nine generations (Tremblay et al.

2008).

4.2.2 The Chinese Context

We focus on patrilineal descent lines because family reproductive strategies in historical
China focused heavily on their continuity. Sons not only carried on the family name, but
remained in the household after marriage and provided support to aging parents, and were
thought to be more valuable as sources of household labor (Hsu 1943; Lee and Wang 1999; Wolf
1995, 2001; Wolf and Huang 1980). Families were less interested in daughters because they left
the family and joined their husband’s household once they married. The preoccupation with sons
was such that socially, production of only daughters was generally viewed to be as much of a
reproductive failure as not having any children at all.

The patrilineal descent line was the most important unit of social organization outside the
household in historical China. Lineage organizations with membership defined by patrilineal
descent from a common male ancestor managed ancestral temples, owned property, operated
schools for the children of members, and compiled lineage genealogies (Cohen 1990; Freedman
1966). Understanding the social determinants of differences in descent line growth and
extinction is important for understanding inequality because the resulting kin networks shape the
life outcomes of individuals embedded within them (Mare 2011). Empirical evidence suggests
kin network size and composition influenced individual demographic behavior and social

attainment, not only in China (Agree, Biddlecom and Valente 2005; Campbell and Lee 2008ab;
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Hermalin, Ofstedal, and Chi 1992) but elsewhere (Sear et al. 2002, 2003). Descent group
membership was therefore an important stratifying variable that conditioned the opportunities
available to individuals. For example, inequality between descent lines in marriage and
socioeconomic attainment was more pronounced than inequality between villages (Campbell and
Lee 2011). Potentially, effects of status in one generation on the size and composition of the kin
group many generations later was yet another indirect channel by which status might be
transmitted over multiple generations.

In China, a variety of considerations may have led couples to have fewer sons than their
social and economic circumstances might have allowed (Campbell and Lee 2010a; Mann 2002:
449; Wang et al. 1995, 2010). Even though high status males did have more sons than other
males (Wang et al. 2010), that does not imply that they maximized their numbers of male births.
Under plausible scenarios, forgoing male births would improve outcomes for the sons that
couples did have by reducing resource dissolution. For example, sex ratio imbalances in the
marriage market made finding wives for sons costly. In a partible inheritance system in which
male kin divided family property at the time of household division, limiting the number of sons
would slow the dissipation of landholdings and other material wealth. Under such conditions,
families may have sought to maximize the chances that at least one son reached adulthood,
married, and achieved high status, rather than maximizing their total number of male births.
Families, in other words, may have sought to minimize the chances of extinction or downward

mobility.
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4.3 THEORETICAL FRAMEWORK
We begin by considering the classic population growth equation (Preston, Heuveline and

Guillot. 2001:11):

N(T) = N(0)elo 7 (11)

Here, N(0) and N(T) refer to descent line size (stock) at times 0 and T, respectively. The
integrand r(t) is the instantaneous growth rate (flow) at time t. In this one-sex model, each
descent line has one male founder, and N(0) is defined to be the number of that founder’s male
offspring through the male line. The effects of descent line founders’ characteristics on the total
number of descendants N(T) can work through either the initial reproduction of the founders, i.e.,
N(0), the growth rate of the descent line over time, r(t), or both. We rely on this stock and flow
framework to analyze the role of the mechanisms that governed descent line growth.

We specify three mechanisms—Initial Advantage, Permanent Advantage, and Advantage
Dissipation — by which founder’s characteristics may have influenced the subsequent size and
growth rate of the descent line (see Figure 4.1). We also summarize potential implications of the
three mechanisms for the growth trajectory of descent lines in Table 4.1

. We expect the actual impact of founder’s characteristics on descent line growth to have
included a combination of these three mechanisms.

Table 4.1

Figure 4.1

In Table 4.1, we assume that Initial Advantage affects descent line growth entirely
through the reproduction of the founders, namely, N(0) in Equation (11). In the Initial Advantage
scenario, represented in Figure 4.1 with a grey dashed line, high fertility on the part of the
founder multiplies the initial size of the descent line N(0) by ¢ but has no effect on the growth
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rate r(t) in later generations. The number of high-origin descendants will always be c times the
number of low-origin descendants. At the population level, this mechanism implies that high-
origin descent line’s share increases immediately in the generation after the founder, and then
remains stable afterward.

Permanent Advantage and Advantage Dissipation allow for changes in the growth rate
r(t). In the Permanent Advantage scenario, represented as the black dashed line in Table 4.1

, founder’s characteristics trigger a permanent increase in r(t). Because the growth rate of
the descent line experiences a permanent increase, the descent line accounts for a steadily
increasing share of the population. Eventually, high-origin descendants dominate the population,
and the share of low-origin descendants declines to insignificance.

Advantage Dissipation, represented by the dotted line in Table 4.1

, Is an intermediate between Initial Advantage and Permanent Advantage. It assumes that
high-origin descent lines will experience a higher growth rate for some number of generations,
but the advantage will decline over time and eventually disappear. The share of the population
accounted for by high-origin descent lines will grow until the differences in r(t) dissipate, and

remain stable afterwards.

4.3.1 Initial Advantage

The sociological literature on stratification frequently invokes Initial Advantage as part of
cumulative advantage theory to explain the evolution of inequality over time. In this conception,
the advantage of one group over another depends on initial positions, and the subsequent growth
of inequality is path-dependent. Initially minor and possibly random disparities may widen over
time because success begets success. Empirical tests make use of evidence from a variety of

areas, including academic publication records (Allison, Long and Krauze 1982; Merton 1968,
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1988), cognitive development (Guo 1998), and health (Pampel and Rogers 2004). Merton (1988)
describes this phenomenon as, “the ways in which initial comparative advantage of trained
capacity, structural location, and available resources make for successive increments of
advantage such that the gaps between the haves and the have-nots...widen” (p.606). For Merton,
Initial Advantage is the essential characteristic of a cumulative advantage process. From this
perspective, any exogenous events that generate an initial advantage can have long-term
consequences on patterns of inequality (DiPrete and Eirich 2006).

For our outcome of interest, descent line size in later generations, the Initial Advantage
mechanism is analogous to ‘founder effects’ in the genetics literature (Falconer 1960). If
reproductive differentials between descent lines exist only in the founder generation, the ratio of
descent line sizes increases in that generation, but remains constant afterward (the grey dashed
line in Table 4.1

). Differences in lineage size therefore reflect a path-dependent process driven solely by

differences in the reproduction of the founders.

4.3.2 Permanent Advantage

Disparities in descent line size according to the socioeconomic status of founders may
continue to widen after the first generation if the founder’s status affects the reproduction of
members of later generations, whether directly or indirectly. We refer to this scenario as
Permanent Advantage, in which ‘permanent’ refers to the possibility that high status origin
descent lines continue to grow faster than other descent lines. Our inspiration is Allison et al.’s
(1982) observation that cumulative advantage does not produce additional changes in patterns of
inequality later in time unless the rate of accumulation continues to vary between population

subgroups.
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The relevance of Permanent Advantage depends on whether or not a founder transmits
traits to his offspring that affect their reproduction. For example, if a high status founder not only
has more children, but also in turn transmits the high status that leads to high fertility to these
children, the share of the population accounted for by the descent lines of high status founders
will expand steadily over time. The ratio of the sizes of high- and low-origin lineages would
steadily increase, until the high status lineage accounts for nearly the entire population (the black

dashed line in Table 4.1

).

4.3.3 Advantage Dissipation

Advantage Dissipation (the dotted line in Figure 4.1) addresses the reality that founder
characteristics are unlikely to trigger the permanent increases in growth rates assumed in the
Permanent Advantage scenario. More concretely, in the multi-generational process of descent
line growth, resource dissipation and downward social mobility may serve as a ‘brake’ that
attenuates fertility differentials (DiPrete and Eirich 2006). When the status and demographic
behavior of descendants of high status founders finally becomes indistinguishable from the rest
of the population, relative sizes of descent lines stabilize.

Previous discussion of the phenomenon of “regression to the mean” in family advantage
suggests the likely importance of advantage dissipation. Becker (1991: 273) argues that “almost
all earnings advantages and disadvantages of ancestors are wiped out in three generations.
Poverty would not seem to be a ‘culture’ that persistent for several generations.” Similarly,
centuries before Becker, a common folk expression in China was that “wealth doesn’t last for
three generations.” In an empirical study based on genealogies, biographies and local histories,

Ho (1964) found that even under a very relaxed standard for defining high social status, the
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average descent line fell into complete oblivion, or at least mediocrity, in some eight generations.
All these observations are in line with Galton’s early conceptualization of “regression toward
mediocrity” (Zimmerman 1992).

Our data and methods allow us to discern the relative importance of these three
mechanisms. Prior sociological theory suggests that Initial Advantage, Permanent Advantage,
and Advantage Dissipation alone or in combination will generate different patterns of results in
empirical studies (DiPrete and Eirich 2006). Because we can measure the influence of founder’s
characteristics on descent line size and growth rate in each generation, we can assess the relative
importance of the three processes. Our approach therefore advances on the indirect one based on

surname studies.

4.4 ANALYTIC APPROACH

4.4.1 Modeling Stock and Flow

To distinguish the roles of Initial Advantage, Permanent Advantage, and Advantage
Dissipation in explaining the effect of founder’s status on subsequent descent line growth, we
apply a stock-flow analytic framework. Equation (11) shows a continuous time model of descent
line growth. In the discrete-time model that we adopt for our empirical analysis, we redefine
stock as the number of members of the descent line alive at time t and flow to refer to growth
from time t-1 to t. We assess the relative importance of the three proposed mechanisms by
estimation of regression models from four different families: linear, exponential, Poisson, and
negative binomial. Each makes different assumptions about the relationships of stocks and flows

to the right-hand side variables. The linear stock and flow models shown below assume that the

158



number of descendants at time t and the changing number of descendants from time t-1 to t are
linear in founder’s characteristics X.
N(®) =XiB+ &
N(@) - N(t—1) =X;B +¢

The exponential stock and flow models assume an exponential relationship of founder’s
characteristics X to the number of descendants at time t and the change in the number of
descendants from time t-1 to t:

log(N;()) = X;B + ¢
log(N;(¢)) — log(N;(t — 1)) = XiB + &

To keep the extinct descent lines in the analyses, we replace log(Ni) with -1 when N; is zero.?

In an early model of descent line growth, Fisher (1922) applied the Poisson distribution
and assumed that the probability of extinction is determined by the average number of offspring
per individual. Following this tradition, our third set of models assumes that the number of
descendants at time t for the ith descent line, Ni(t), follows a Poisson distribution with parameter

u>0.

exp(—pir) VO (12)
N,(0)!

P(N; (D) pie) =

In Equation (12), u;, is the expected number of descendants at time t. The assumption of
the Poisson distribution also requires that the expected number of descendants equals the

variance of the number of descendants, V i: E(N;(t)) = Var(N;(t)).

22 We also experimented with other values, such as 0, -0.5, and -2, and none of the conclusions changed.
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The Poisson stock model assumes that the conditional mean of the number of
descendants at time t is a function of independent variables X’s that describe time-invariant
founder’s characteristics:

tie = E(N;(0)|X;) = exp(X;p) (13)

The Poisson flow model represented in (14) is similar except that it introduces a control

for the count of descendants at time t-1.

tie = E(N; (D)X, Ni(t — 1)) = exp(log(N;(t — 1)) + X;y)?3 (14)
Equivalently,
E (5 X, Nt = 1) = exp(Xuy) (15)

We also estimate a fourth set of models, negative binomial regression models, to account
for the possibility that the Poisson model’s assumption of equality of the variance and mean of
the number of descendants is violated because of over-dispersion. In that situation, the
relationship between founder’s characteristics and the expected number of descendants still
follow Equations (13) and (14). However, the variance in the number of descendants is assumed
to follow a gamma distribution with a parameter that is estimated separately.

We use ‘stock effect’ to refer to the ratio of expected mean number of descendants of
high-status founders to that of low-status founders. We use ‘flow effect’ to refer to the ratio of

the expected growth rate of descent lines with high-status founders to that with low-status

23 For the linear flow models, we set the dependent variable for extinct descent lines to zero. For extinct lines in the
exponential, Poisson and negative binomial flow models, we replace the logged previous descent line size with -1.
This allows us to keep the numbers of cases the same across different estimations. We also experimented with other
imputations, including log(N(#-1)+0.1) or setting log(N(#-1)) to 0, and with dropping extinct descent lines. The
results are consistent with those reported in Table 4.4. These results are available upon request.
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founders. In either case, if the ratio is 1, the founder’s characteristics do not influence descent
line size (stock) or growth rate (flow).

Initial Advantage, Permanent Advantage, and Advantage Dissipation predict different
patterns of effects of founder’s characteristics on stock and flow. If Initial Advantage is present,
we expect to observe an effect on stock in every generation. However, we only expect to see an
effect on flow in the first generation. This is because the growth rate of the descent line is
elevated only in the founding generation, and then reverts to be the same as other descent lines in
later generations. If Permanent Advantage is present, both the stock effect and the flow effect
should be apparent in every generation, because high status not only increases the total number
of the descendants but also their growth rate. If Advantage Dissipation is present, the stock effect
may keep increasing until the flow effect disappears, because founder’s effect on growth rate

fades away with time.

4.4.2 Modeling Extinction and Growth

The models above assume that the probability of extinction is a byproduct of the
distribution of the number of offspring. For example, the Poisson model introduced above
requires that the proportion of observed zeroes (extinctions) in the empirical data matches the
proportion of zeroes predicted by the Poisson distribution. This implies an assumption that the
same underlying process accounts for the influence of founder’s status on the probability of
extinction, and conditional on avoiding extinction, the probabilities of having different numbers
of descendants.

To allow founder’s characteristics to have separate effects on extinction probabilities, and
conditional on avoiding extinction, the growth rate, we introduce a mixture negative binomial

distribution that models processes of extinction and growth jointly (Johnson, Kemp and Kotz
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2005). Suppose that T and 1 — mr are the probabilities of failure and success for overcoming a
‘hurdle’ that conditions success at reproduction, and thereby avoiding extinction. For example,

7 might be the probability that no sons survived to adulthood and married, and 1 — m the
probability that at least one son survived and married. Again, the assumption is that these are
independent of the distribution assumed for the number of offspring for those who did marry. Let
the probability of having j descendants in a truncated distribution be written as pj. Then we have

P[N;(t) = 0|Z;] = m, (16)

. (1-mpj
P[N;(t) = jlX;, N;(t) > 0] Z%pop];

where P[N;(t) = j] is the probability that the number of descendants for the ith descent
line at time tis j. Z is the set of covariates to explain extinction and X is the set of covariates to
explain descent line growth?,

For the sake of simplicity, we use a logistic model to predict P[N;(t) = 0] and assume

the truncated part P[N;(t) = j | N;(t) > 0] still follows a negative binomial distribution. Then

1
P[N;(t) = 0|Z;] = TS expZyy)

P[N;(t) = jlX;, N;(t) > 0]

(17)
C1=PIN(®) =01Z] TN +6) MO0,
_ 60 F(6i) ' T(N;(6) + 1) (g + 0;)NiO+ic
(uig+0;0) Bt

24 We test the differences between negative binomial models, mixture negative binomial models and mixture Poisson
models based on the Bayesian Information Criterion (BIC), as the models are not nested. The results suggest that the
mixture negative binomial models significantly improve the goodness-of-fit of the model compared to the regular
negative binomial models and mixture Poisson models (test results are available upon request).
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4.5 DATA AND MEASURES

4.5.1 Data

Our data are derived from the China Multi-Generational Panel Dataset-Imperial Lineage
(CMGPD-IL) and the China Multi-Generational Panel Dataset-Liaoning (CMGPD-LN).
Published studies of demographic behavior have already established the suitability of these two
sources for the analysis here (Campbell and Lee 2008ab, 2010a, 2011; Lee and Campbell 1997;
Wang et al. 1995). The CMGPD-IL records 83,256 males in the Aisin Gioro imperial lineage
from 1652 to 1936. The lineage originated in northeast China and founded the Qing dynasty
(1644-1911). Specifically, the CMGPD-IL records the grandfather of the Qing founder, his four
brothers, and their male descendants from approximately 1550 to 1936 (Lee et al. 1993). At the
beginning of the Qing Dynasty, the imperial lineage was a small, elite group. Many but not all
members held official positions or noble titles. As the lineage grew, steadily larger proportions of
men were distant relatives of the emperors and held neither official position nor noble title. The
genealogy from which the CMGPD-IL was constructed was maintained by the Qing Office of
the Imperial Lineage. Because the genealogy was prospective, maintained by a bureaucracy, and
used for administration, it has minimal loss to follow up. In contrast with traditional, privately
compiled family genealogies, it records low status, never-married, and childless lineage males.
Unfortunately, the CMGPD-IL only allows for the reconstruction of male pedigrees: because like
most Chinese genealogies it focused explicitly on patrilineal descent, daughters were lost to
follow-up when they married out and joined their husband’s family.

The China Multi-Generational Panel Dataset-Liaoning (CMGPD-LN) is derived from
triennial household registers of farming populations who produced for the Qing Imperial

Household Office (Lee et al. 2010). The complete dataset and documentation are now public and
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available for download at the Interuniversity Consortium for Political and Social Research.?®
Whereas the imperial lineage is an elite urban population concentrated in Beijing and Shenyang,
the CMGPD-LN covers a large, rural population spread over a very large area in what is now
Liaoning province in northeast China. The farmers covered by the CMGPD-LN were descended
from Han-Chinese immigrants who migrated from Shandong and other locations into Liaoning in
the late 17" and early 18" century. The data consist of 29 sets of triennial household registers
with 1.5 million observations of more than 260,000 unique individuals between 1749 and 1909.
The Liaoning household registers provide far more comprehensive and accurate
demographic and sociological data than other available household registers for China before the
twentieth century (Lee and Campbell 1997; Lee et al. 2010). The format and organization of the
data closely resemble a linked triennial census. Entries in each register were grouped first by
village, then by household group and then by household. The population is closed, in the sense
that the registers follow families that moved from one village to another within the region, thus
the registers are uniquely suited to the reconstruction of descent lines through intergenerational
record linkage, and study of the predictors of descent line growth, decline, and extinction?®
(Campbell and Lee 2010b). Once again reflecting the emphasis on patrilineal descent in
historical China, the data only allow for construction of male pedigrees. While the data record
the characteristics of married women and widows in more detail than any other historical
Chinese source, it does not allow them to be traced back to their records as daughters in their

natal household and then linked to their mothers.

5 See http://www.icpsr.umich.edu/icpsrweb/CMGPD/ for CMGPD-LN data and documentation.

%6 Variables in the datasets identify all individuals who migrate out. For the CMGPD-LN, such cases only consist of
0.1% of the data (shown in the CMGPD-LN user guide). For the CMGPD-IL data, a small group of individuals
(about 10%) migrated to Shengjing, a city in Liaoning which was also the old capital city of Qing dynasty.
Descendants of these cases were no longer followed, and thus we excluded these lines from the analyses.
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4.5.2 Measures

In both the CMGPD-IL and the CMGPD-LN, we specify an analytic definition for
descent line founders, and then reconstruct their patrilineal descent lines through automated
record linkage. Our analytic definitions of founders and descent lines reflect a balance between
having enough descent lines to make meaningful comparisons, and having enough generational
depth to examine processes over the long term. The Imperial Lineage grew very rapidly in the
17" century, thus choosing men born earlier would dramatically reduce the numbers of descent
lines. Because the members of the Lineage were nearly all of very high status until the middle of
the 17" century, it would also reduce variation in the characteristics of the founders. In the
population recorded in the CMGPD-LN, the actual founders were mostly settlers whose arrival
predated the registration system, and about whom we have almost no data.

To create an analytic sample of descent lines in the CMGPD-IL, we define descent line
founders as all men born between 1675 and 1725 who survived at least to age 25. The definition
we apply yields 3,314 founders whose patrilineal descent lines could be traced for the next 150
years, or about six generations. Similarly, in the CMGPD-LN we define descent line founders to
be all men born between 1715 and 1765.%” We treat the year of the founder’s birth as the
founding year of the descent line, and track each descent line for 125 years, or about five
generations. In both cases, we experimented with alternative definitions for descent line founders

and the results are consistent with the ones reported here.

2 We did not restrict the sample to founders who survived to age 25 or above, because in rare cases age at death are
not available (Lee et al. 2010: 19-20). Instead, we restrict the sample to adult founders who have a social status
recorded. In our final sample, roughly 94% of the founders survived at least to age 16 sui, and 90% survived at least
to age 25 sui.

165



For our basic outcome variable, descent line size, we count the numbers of living
patrilineal male biological and adopted descendants of each founder every 25 years.? To do this
in the CMGPD-IL, we transform it from a person file in which each record represented the life
history of one male into a person-year file in which each record described a male in a specific
calendar year. For the CMGPD-LN, we first transform the original triennial observations into a
person file like the CMGPD-IL in which each record is the life history of one male. We then use
that entry to produce person-year files like the one for the CMGPD-IL. In both datasets, we
attach founder identifiers to the person-year records, and then count up the numbers of male
descendants at 25-year intervals. At time zero, defined as the founder’s year of birth, the number
of male descendants is zero. 25 years later, it includes any surviving sons of the founder. The
descent line size could be still zero if the founder had not yet had any sons. 50 years later, the
count would include any living sons and grandsons. Again, the focus on numbers of male
descendants reflects the data limitations described earlier.

We construct dichotomous variables for the status of the descent line founder. For the
CMGPD-IL, we define high-status origin descent lines to consist of the ones founded by men
who worked in the Qing bureaucracy (e.g., ministers, military generals) or held bestowed or
inherited noble titles (e.g., princes and dukes). We define the remaining descent lines as low-
status origin. For the CMGPD-LN, we defined the high-status origin lines to consist of ones
founded by men who held salaried official positions, examination titles, purchased and honorary
titles, or served as unsalaried heads of household groups. These constituted the local elite

(Campbell and Lee 2010b). The positions held by high-status founders in the CMGPD-LN were

28 Because the CMGPD-IL specifies the identities of biological and adoptive fathers for each boy who was adopted
between families, we calculated numbers of descendants separately based on biological descent and on social
descent. The results were similar, as most adoption was between closely related male kin, and had little or no net
effect on a descent line founder’s total number of descendants.
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much more mundane than the ones held by their counterparts in the CMGPD-IL. The most
common were soldier, scribe, or artisan. We include men who held honorary and purchased titles
because they indicate substantial personal or family resources. Though heads of household
groups held the lowest rank position in the administrative hierarchy and were unsalaried, they
were supposed to be selected by household group members on the basis of ability.

We also include control variables to distinguish the lines according to their administrative
status. For the CMGPD-IL, we distinguish between the members of the Main Line and Collateral
Line. Men descended from the grandfather of the Qing founder are the Zongshi or Main Line.
Men descended from his brothers are the Jueluo, or Collateral Line. We control for membership
in the Main or Collateral Lines because men in the former were accorded more privileges than
men in the latter. Similarly, we include a control variable to divide the lines in the CMGPD-LN
into two status groups according to their type of administrative population. Most members of
regular administrative populations were hereditary tenants who farmed state-owned land.
Members of specialized populations provided services to the state such as collecting honey,
raising bees, fishing, picking cotton, and tanning and dyeing. These specialized populations had
a lower status than the regular populations (Lee et al. 2010).

We include seniority among siblings and total number of male siblings as additional
controls in the regression analysis of effects of founder’s status on stock and flow. Founder’s
total number of siblings is intended to account for the tendency in historical China for men with
more male siblings to have higher chances of both marriage and attainment (Campbell and Lee
2008Db). With this control, we hope to account for the possibility that unmeasured characteristics

simultaneously affected a founder’s chances of attaining high status, and his chances of having
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more offspring. The control for whether or not a founder was an eldest brother is intended to

account for advantages that first sons had in terms of attainment and marriage.

4.6 RESULTS

4.6.1 Descriptive Statistics

According to basic descriptive results, high-status origin descent lines increased in size
over time, but low-status origin descent lines were stagnant. Figure 4.2 presents the numbers of
men in the CMGPD-IL according to whether they are in high- or low-origin descent lines. From
1725 to 1875, the descent lines with high-status founders experienced rapid growth. By contrast,
growth in the numbers of males in low-status descent lines was negligible. As a result of this
disparity, even though men in high-status lines originally accounted for less than one-third of the
population, by the end of the period they accounted for more than one-half of the population.
This trend is consistent with the Initial Advantage and Advantage Dissipation mechanisms
summarized in Figure 4.1 and Table 4.1

. According to Figure 4.3, there were also differences in the cumulative probability of
extinction. After 150 years, only half of high-status origin descent lines were extinct, in contrast
with nearly three-quarters of low-status origin descent lines.

Figure 4.2

Figure 4.3

Table 4.2

Table 4.2 contrasts key features of the high- and low-status origin descent lines. Of the
3,314 descent lines in the CMGPD-IL, 1,082 are of high-status origin and 2,232 are of low-status

origin. High-status founders are more likely to come from larger families and to be affiliated
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with the Main Line (zongshi).?® In the CMGPD-LN sample, founders tend to be more similar on
the distributions of the control variables. Descent lines in the CMGPD-LN were in general
smaller than in the CMGPD-IL, reflecting its overall lower growth rate. Higher proportions of
males married later, or not at all, and therefore had more limited opportunities for reproduction.
We also calculate the generation length—defined as the difference between the birth year of a
father and that of his first son—for both populations. Overall the generation length for the two
populations was between 25 to 30 years. High-status descent lines had shorter generation length
than low-status descent lines. As a result, for both populations the analytic samples represent the

experience of roughly five to six generations.

4.6.2 Determinants of Stock and Flow

We begin our presentation of results by examining the influence of founder’s
characteristics on descent line size (stock) and growth rates (flow) at 25-year intervals. Based on
the results, we assess the relative importance of Initial Advantage, Permanent Advantage and
Advantage Dissipation in accounting for differences in the dynamics of the high- and low-origin
descent lines. As a robustness check, we not only estimate the model described in Equation (12)
that assumes that numbers of descendants follow a Poisson distribution, but we also estimate
linear, exponential, and negative binomial models that incorporate different assumptions about
the distribution of numbers of descendants. In all cases, we assume that the process determining
descent line size and growth also accounts for extinction probabilities.

Results for stock models summarized in Table 4.3 demonstrate that in both the CMGPD-

IL and the CMGPD-LN, the influences of founder’s social status on the total number of

2% When calculating the number of founder’s male siblings, we include all the males born to the descent line
founders’ father, regardless of how long they lived.

169



descendants increase over time. They hold regardless of the assumptions about the appropriate
distribution for the total number of descendants. Alpha parameter tests in Appendix A suggest
that in general, the negative binomial models provide better estimates than the Poisson models.*
Results from the two datasets are broadly similar: the gap in the sizes of the high- and low-origin
descent lines widens with time.

Table 4.3

Results for flow models summarized in Table 4.4 reveal that founder’s status has long-
term effects on the growth rate of descent lines. More than one century later, differences in the
growth rates of high- and low-origin descent lines remain statistically significant. Results for the
CMGPD-IL from the negative binomial model show that the ratio of growth rates between the
high- and low-origin descent lines after 25 years is 1.54(= e%4?). For the CMGPD-LN, the
corresponding ratio is 1.73(= e%%8). After 125 years, the ratio is 1.17 (= e%1%) and 1.19 (= e%17?)
for the two populations. These differences are not an artifact of the founder’s success at
transmitting high status to his sons, grandsons, or later descendants, and their resulting higher
fertility: they persist after the introduction of controls for the number of descendants in later
generations who were themselves of high status.!

Table 4.4

Figure 4.4 and Figure 4.5 plot size and growth rate ratios from Table 4.3 and Table 4.4
for high- and low-origin descent lines in the CMGPD-IL and CMGPD-LN. In both figures, the

horizontal line at 1 corresponds to a hypothetical null founder effect, in which the descent line

30 We plot the actual growth from the empirical data and the predicted growth of descent lines based on different
models in Figure 4A and 4B. To compare the models across time, we fixed all the other independent variables at
their means. The results suggest that the Poisson and the negative binomial model provide the best estimates for
descent line growth trajectories, though they may yield biased estimates for the mean number of descendants toward
the end of the period, perhaps because the models do not account for excess zeroes (i.e., extinction) in later years.

31 Results not shown here, but available from the authors upon request.
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size or growth rates of the high- and low-origin descent lines are equal. The solid black lines
represent the stock effect estimated from the negative binomial models. Overall, the time trends
in stock effects show that the larger size of the high-origin descent lines is apparent as early as 25
years after the founding of the line. Moreover, descent line founders who have more offspring in
the first 25 years also have more descendants in the long run. This is consistent with the Initial
Advantage mechanism.

Flow effects, represented as solid gray lines in Figure 4.4 and Figure 4.5, were more
consistent with Advantage Dissipation than Permanent Advantage. In both populations, the
magnitude of effects of founder’s status on descent line growth rates declines steadily over time.
Though in both the CMGPD-LN and CMGPD-IL an effect of founder’s status on growth rates is
still discernible and statistically significant at the end of the observation period, it is much
smaller than in the earlier periods. Extrapolation from the trends in the figures suggests that
within another generation or two, the growth rates of the high- and low-origin descent lines
would be equal. Afterward, the ratio of the sizes of the descent lines would be constant.

Figure 4.4

Figure 4.5

4.6.3 Extinction and Growth as Separate Processes

We next examine whether the mechanisms that govern descent line growth differ from
the ones that govern extinction. Results from models based on Equation (16) allow for the
determinants of extinction probabilities to differ from the determinants of descent line size or

growth. Specifically, we apply a mixture negative binomial model to fit the extinction
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probability and the size of growth rate simultaneously.®? The stock models treat extinction as a
cumulative process, so after a descent line is extinct it is still included in the analyses for later
periods, during which it continues to be recorded as extinct. The flow models include controls
for descent line size twenty-five years previously, and exclude descent lines that are already
extinct, and thus account for the possibility that higher extinction probabilities now might be an
artifact of a smaller descent line size twenty five years earlier.

Table 4.5 presents the relevant results. Coefficients from the logistic regression represent
effects on the probability of descent line not being extinct, that is, its size being non-zero.
Positive coefficients imply higher odds of descent line survival. Coefficients from the truncated
negative binomial regression represent effects on descent line size or growth rate, conditional on
the descent line not being extinct. To help clarify implications of the results from the mixture
negative binomial regressions and facilitate comparisons with results in Table 4.3 and Table 4.4,
dashed lines in Figure 4.3 and Figure 4.4 present stock effects and flow effects for surviving
descent lines.

Table 4.5

Results from the stock models reveal that in both populations, high-origin lines were
much more likely to avoid extinction, and that differential extinction probabilities account for
much of the differences in mean descent line size in Table 4.3. The truncated negative binomial
portion of the stock models suggests that in the CMGPD-IL, surviving high-origin descent lines

are about 1.76 times (= e%°%®) the size of surviving low-origin descent lines 150 years after

32 To compare the mixture negative binomial model to the regular negative binomial model, Appendix C provides
Vuong likelihood ratio tests (Vuong 1989) comparing all models in the same year. Failure of the likelihood ratio test
for alpha=0 indicates zeroes are generated by the same process as non-zero counts. Substantively, this implies that
founder’s socioeconomic status has the same effects on the extinction and growth processes. Overall, the Vuong
likelihood ratio tests prefer the mixture negative binomial over the regular negative binomial models. For both the
stock and flow models at most of the years, test statistics show a p-value < 0.001.
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founding. By contrast, in the stock results in Table 4.3 that include extinct descent lines, high-
origin descent lines were on average 2.43 times (= €%%%) the size of low-origin descent lines.
Extinction processes were perhaps even more important in the CMGPD-LN. Whereas in Table
4.3, high-origin descent lines in the CMGPD-LN were 2.02 (= e%7%) times the size of low-origin
descent sizes overall after 125 years, according to Table 4.5, non-extinct high-origin descent
lines were only 1.18 (= e%168) times the size of non-extinct low-origin descent lines.

Results for extinction in the flow models in Table 4.5 reveal that at each point in time,
extant high-origin descent lines were more likely to survive to the next time period than low-
origin descent lines of the same size. In the CMGPD-IL, comparison of same-sized high- and
low-origin descent lines 125 years after founding reveals that the high-origin descent lines had
1.70 (= €%°%) times the odds of surviving to year 150. In the CMGPD-LN, a high-origin descent
line 100 years after founding has about 1.24 (= €°2%%) times the odds of surviving another 25
years.

The processes that governed growth among surviving lines were very different.
According to the flow results for descent line size in Table 4.5, the effects of founder’s status on
descent line growth declined over time. For both the CMGPD-LN and CMGPD-IL, the growth
rates of surviving high- and low-origin descent lines were indistinguishable by the end of the
period of observation. The coefficients were small and statistically insignificant. The contrast
with the comparatively stable effects of founder’s original status on extinction probabilities
suggests that toward the end of the period for which data are available, most if not all of the
small but persistent and statistically significant effect of founder’s characteristics on descent line

growth rates in Table 4.4 was due to effects on extinction chances.
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One plausible interpretation of these results is that later generations minimized the
chances of having no surviving descendants in the next generation, rather than maximizing the
total number of births. This is most apparent in the contrast between the trends in the effects on
founder’s status on extinction probabilities and descent line growth in the flow models in Table
4.5. Figure 4.6 converts the coefficients in the flow results into probability of extinction for
surviving lines in next 25 years. Trends in both populations suggest that the probability of
extinction first declined in the first 50 to 75 years because founders and their children had not yet
finished reproducing, then grew afterward. Toward the end of the period under observation, high
status continues to reduce the probability of extinction by the next time period, even though its
effect on the number of descendants among the descent lines that persist to the next time period
has disappeared.

Figure 4.6

At this point, we can only speculate as to how descent lines minimized chances of
extinction, and whether their behavior was deliberate. It may be that the lines with high status
founders tended to be families that made a trade-off between quantity and quality of children,
such that they invested more in each son, and raised the chances that at least one of them would
survive to adulthood, marry, and have offspring. Such behavior may have reflected a desire to
avoid downward mobility, or a specific desire to avoid extinction. Having a high-status founder
may simply have been an observable proxy for the existence of such a strategy, or the high-status

founder may have introduced such a strategy, which persisted in later generations.
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4.7 DISCUSSION

Using empirical evidence from two Chinese multi-generational population databases,
each of which spans 125 to 150 years, we have shown that male social status in one generation
has long-term implications not only for their total number of patrilineal descendants, but for their
own reproductive success. First, men of high status are especially successful in the competition
for representation by patrilineal descendants in later generations, and these descendants also are
especially successful at reproduction. The effect of founder’s social status on the growth rates of
descent lines lasts for several generations, and is large enough to affect the composition of the
male population in later generations. Nevertheless, the patrilineal descendants of high status
males in one generation never come to completely dominate the male population, since their
share of the population stabilizes when their growth rate advantage dissipates. In our samples,
the share of the population accounted for by the patrilineal descendants of high-status males in
one generation stabilized after 150 years, or roughly six generations.

Second, the key long-term effect of high status on the reproductive behavior of patrilineal
descendants was that it reduced their chances of having no surviving male offspring, rather than
increasing the average number of offspring among those who survived. In other words, high
social status among descent line founders had more enduring effects on the chances of descent
line extinction than it did on the growth rates of surviving descent lines. While the effect of
founder’s social status on the growth rate of surviving descent lines becomes negligible after 150
years, effects on the chances of extinction are still apparent.

The apparent influence of founder’s social status on the reproductive success of
descendants later and associated overrepresentation in later generations may reflect transmission

of other forms of socioeconomic status that are not recorded in our data. This may have been
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property and other forms of material wealth that were accumulated rapidly in one generation and
dissipated slowly over succeeding generations. Attainment of socioeconomic status may also
have been influenced by knowledge, attitudes, aspirations, and other forms of intangible social,
economic, or cultural capital that were transmitted within families across multiple generations
(Borgerhoff Mulder et al. 2009; Cavalli-Sforza and Feldman 1981).

While genetic transmission of traits that directly or indirectly influence reproductive
success is one possible mechanism, the potential significance of such processes is difficult to
assess. Existing findings on the direct role of genetic transmission on reproductive success is
mixed: some studies suggest a strong genetic effect through a single gene or a suite of genes that
either control individuals’ latent fixed traits (Cam et al. 2002; Saifl and Chandra 1999), or
influence behaviors related to reproduction, such as mating, cooperation, parenting, and
aggression (Robinson, Fernald and Clayton 2008; Brown et al. 2011), whereas others suggest
that genotype and maternal environment contribute to a very small portion of reproductive
variability compared to the roles of phenotype and stochastic environment factors (Gustafsson
1986; Tuljapurkar et al. 2009). As for suggestions that genetic transmission of traits conducive to
the attainment of status had indirect effects on reproductive success and could lead to the
diffusion of these traits through the population (Clark 2010; Unz 2013), we are skeptical.
Estimates of the heritability of cognitive ability and other relevant traits generally suggest mild
associations. Analysis of two-sex models suggests that in the absence of completely assortative
mating, heritability of traits conducive to the attainment of status and which indirectly affected
reproduction would not lead those traits to become universal (Preston and Campbell 1993).

We can rule out some other explanations. Indirect effects on descent line growth rates in

later generations via intergenerational transmission of the forms of status recorded in our data are
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unlikely to account for the results shown here. The same results are apparent in calculations not
shown here that control for the social status of men in later generations. Tentatively, we can also
rule out polygyny as a key mechanism in accounting for differential growth rates, since it was
extremely rare in the largely rural CMGPD-LN population, and became rare in the CMGPD-IL.
Adoption was also unlikely to have played a role because in historical China, it was usually
between closely related male kin who belonged to the same descent line (Lee and Wang 1999),
and would have had little net effect on the total number of descendants. The CMGPD-IL has
detailed records of adoption, and in calculations not shown here we found little or no difference
in the total number of descendants according to whether we applied a biological or social
definition of ancestry when constructing pedigrees.

These findings are subject to caveats. First, even though the populations analyzed here
are from nearly opposite ends of the social spectrum in late Imperial China, the possibility
remains that their experience is atypical of historical Chinese populations, and that populations
located elsewhere on the social spectrum were characterized by other dynamics. It is also
possible that the processes reported here are limited to China, or societies like China, and do not
generalize to other human populations. The findings may also be less germane to contemporary
populations, where variances in reproduction may be smaller than those in the past, and where
the chances of not having any children at all may be less tied to social status.

Second, the results are only for patrilineal descent lines, not matrilineal ones, because the
data do not allow for women to be linked to their mothers and do not provide measures of social
status for women. Effects of founder’s characteristics on the total number of patrilineal and
matrilineal descendants might differ considerably from the ones here for reasons discussed

earlier. Thus while the results here provide insight into the dynamics of the patrilineal descent
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lines that were an important unit of social organization in historical China, they do not illuminate
other substantively important processes that also involve matrilineal kin networks.

Future studies will need to parcel out the roles of differentials in component demographic
behaviors such as fertility, mortality, marriage, remarriage, polygyny, and adoption in accounting
for these patterns. The most important next steps are to produce an accounting of the specific
demographic components of the link between founder’s status and subsequent descent line
growth, locate and analyze more encompassing measures of status than the official titles and
positions used here, and identify the traits that affect reproductive success and are transmitted
within families. A very basic question is whether the advantage of the high-origin lines in
avoiding extinction reflected higher marriage chances of descendants. Alternatively, it may be
that married men in high-origin lines were more successful at ensuring that at least one of their
sons survived to adulthood. A refined analysis would examine effects of high status in one
generation on the fertility, mortality and marriage of descendants many generations later.

These analyses should also be replicated using other multi-generational databases that
also record matrilineal descent lines. These include the Quebec genealogical databases PRDH
and BALSAC (Tremblay et al. 2008), the Uppsala Multi-generational Birth Cohort Study
(UBCoS) (Goodman et al. 2012; Goodman and Koupil 2009) and the Utah Population Database
(Bean et al. 1990). None of these societies was as explicitly focused on the continuity of the
patrilineal descent line as historical China, thus comparison would help clarify the extent to
which the results here are specific to the Chinese context. Results from analysis of these
databases would also illuminate the role of marital endogamy and other processes in accounting
for patterns like the ones reported here, and would allow for comparison between the dynamics

of patrilineal and matrilineal descent lines.
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4.8 CONCLUSION

The results here underscore the importance of Mare’s (2011) call for studies of
stratification not only to take a multi-generational approach, but also account for interactions
between status transmission and demographic behavior in shaping population composition. We
show that social differentiation in one generation alters the composition of the population in
future generations. Also, social status of one generation has a longer term influence on the
reproductive success of descent lines than is commonly assumed in “two-generation” studies.
The influence, however, would dissipate, rather than perpetuate as suggested by the cumulative
advantage theory, resulting in reproductive behaviors of descendants of high-status founders
eventually becoming indistinguishable from the rest of the population.

The most important substantive implication of these results is that future studies need to
reevaluate many of the assumptions that inhere in studies of kin network influences on individual
outcomes. In particular, characteristics of kin networks assumed to be exogenous to individual
characteristics may in fact be endogenous. The size, composition, and other characteristics of the
kin networks in which we are all embedded are themselves shaped by the characteristics of
ancestors who lived many generations ago. This represents a novel form of indirect transmission
of status. Studies of kin networks cannot simply equate regression coefficients estimated for
characteristics of kin networks with effects of these kin. The results are subject to a subtle form
of omitted variable bias associated with absence of data on the distant ancestor from whom
everyone in the kin networks is descended, and whose status influenced the observed

characteristics of the kin network. Without recognizing this problem, studies may yield biased
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estimates of the influence of kin networks on individuals’ demographic and socioeconomic
outcomes.

Our results also suggest that analysis of relationships between social status and
reproduction in human populations need to account separately for extinction and, conditional on
avoidance of extinction, numbers of offspring. Status influenced the number of descendants
many generations later, and did so in large part by reducing the chances that the members of one
generation would have no descendants at all in next generation. If founders’ characteristics have
a more important effect on the probability of avoiding extinction than on the growth rates of
descent lines that did survive, studies based on retrospective surveys or data from bequests based
on only surviving descent lines may underestimate the importance of founder effects. If the more
complex strategies for descent line continuity suggested by the results were typical of historical
populations more generally, future simulation studies of population dynamics and kinship
networks over the long term (e.g., Lavely and Wong 1998; Murphy 2004; Bongaarts, Burch and
Wachter 1987) will need to reconsider many of their assumptions.

Our findings from two large, multi-generational databases in 18" and 19" century China
have suggested that social differentiation and demographic behaviors in the past have long-term
implications for surviving kin networks and population composition of the present day. New,
very different socio-demographic patterns have emerged in the last century or two, and will
shape the world that our descendants experience. We eagerly await the results of empirical
analyses that use large, contemporary, multi-generational population databases to ascertain the

saliency and relevance of these historic patterns in contemporary settings.
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Table 4.1 Implications of Changes in Growth Equation Components for a Descent Line’s Share

of the Population

No

Permanent*

Increase in growth rate r(t)

Yes
Transitory

No change in the
descent line’s share of

opulation
Founder’s No  PoP

reproduction
N(0) is above
average Initial advantage

Descent line’s share of

Yes ' population increases in
next generation, then
remains stable

Permanent Advantage

Descent line’s share of
population increases
steadily

Initial Advantage +
Permanent Advantage

Advantage Dissipation

Descent line’s share of the
population increases for
several generations, then
stabilizes

Initial Advantage +
Advantage Dissipation

Note: * permanent means that the acceleration of growth rate is constant or positive. This implies that the

growth rate of high-origin descent lines is always higher than the low-origin descent lines. Transitory means
that the acceleration of growth rate is negative, though the growth rate itself is positive. This implies that the
growth rate of high-origin descent lines will eventually drop down to the same level as that of the low-origin

descent lines.
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Table 4.2 Descriptive Statistics for Descent Line Characteristics

Founder’s

Characteristics
Eldest brother in
the family (%)
Number of male
siblings
Imperial lineage
main line (%)
Regular status
population (%)
Generation length

Average number

of descendants
After 25 years
After 50 years
After 75 years
After 100 years
After 125 years

After 150 years

Observations

CMGPD-Imperial Lineage

CMGPD-L iaoning

All High-origin Low-origin All High-origin Low-origin
descent line descent line descent line descent line
26.07 24.77 26.70 73.99 75.46 73.63
5.84 6.91 5.32 1.26 1.26 1.27
(4.96) (5.99) (4.28) (1.37) (1.37) (1.37)
48.4 59.9 42.8 -- -- --
-- -- -- 82.1 82.9 82.0
25.6 24.4 26.2 29.8 29.2 30.0
(7.4) (6.9) (7.6) (8.5) (8.4) (8.5)
0.62 0.84 0.51 0.25 0.38 0.22
(0.88) (1.02) (0.77) (0.54) (0.66) (0.51)
1.81 2.61 1.42 1.07 1.70 0.92
(2.06) (2.62) (1.57) (1.43) (1.68) (1.32)
2.65 4.15 1.93 1.66 2.73 1.40
(3.49) (4.67) (2.44) (2.58) (3.20) (2.32)
3.07 5.15 2.05 1.95 3.27 1.62
(5.00) (6.96) (3.25) (3.65) (4.61) (3.28)
3.20 5.75 1.97 2.20 3.70 1.83
(6.32) (9.15) (3.75) (4.93) (6.29) (4.45)
3.22 5.93 1.91 -- -- --
(7.08) (10.44) (4.05)
3,314 1,082 2,232 18,997 3,761 15,236

Note: Figures in parentheses are standard deviations.

Sources: China Multi-Generational Panel Dataset-Imperial Lineage (CMGPD-IL), China Multi-Generational
Panel Dataset-Liaoning (CMGPD-LN).
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Table 4.3 Regressions of Descent Line Sizes (Stocks)

Stock Model

CMGPD-IL
Linear
High status founder

Exponential
High status founder

Poisson
High status founder

Negative Binomial
High status founder

N

CMGPD-LN
Linear
High status founder

Exponential
High status founder

Poisson
High status founder

Negative Binomial
High status founder

N

Years

t=25 t=50 =75 t=100 =125 t=150
0.286%**  1057*%*  1.027%%%  2607***  3.008%**  3248%**
(0.032) (0.074) (0.124) (0.176) (0.222) (0.250)
0.224%%%  0.500%*%*  0.655%**  0.734%**  Q.T47***  (.739%**
(0.025) (0.034) (0.040) (0.044) (0.047) (0.048)
0.432%%*  (0.538***  0.663***  0.760%**  0.871***  0.909%**
(0.046) (0.027) (0.022) (0.020) (0.020) (0.020)
0.432%%*  0.536***  0.658%**  0.766***  0.864***  (.888%**
(0.050) (0.037) (0.043) (0.051) (0.061) (0.070)
3,314 3,314 3,314 3,314 3,314 3,314
0.160%**  0.779%%*  1.321%%*  1641%**  1.82%r* -
(0.010) (0.025) (0.046) (0.065) (0.089)

0.144%*%  0504***  0.627***  0.646%**  0.613*** -
(0.009) (0.015) (0.020) (0.021) (0.023)

0.548%**  0.612%%*  0.663%**  0.608***  0.701*** -
(0.032) (0.015) (0.012) (0.011) (0.010)

0.548%**  0.612%%*  0.664%**  0.700***  0.703*** -
(0.035) (0.022) (0.029) (0.036) (0.045)

18,997 18,097 18,997 18,097 18,997

Note: Figures in the table are excerpted from Appendix A. Standard errors of the coefficients are in

parentheses. p* < .05, p** < .01, p*** < .001 (two-tailed tests).
Sources: China Multi-Generational Panel Dataset-Imperial Lineage (CMGPD-IL), China Multi-Generational

Panel Dataset-Liaoning (CMGPD-LN).
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Table 4.4 Regressions of Descent Line Growth Rates (Flows)

Flow Model Years
t=25 t=50 t=75 t=100 t=125 t=150
CMGPD-IL
Linear
High status founder 0.286*** 0.771%** 0.870*** 0.679*** 0.491*** 0.150
(0.032) (0.063) (0.077) (0.084) (0.092) (0.087)
Exponential
High status founder 0.224%*** 0.276*** 0.155%** 0.079*** 0.013 -0.008
(0.025) (0.031) (0.024) (0.022) (0.022) (0.021)
Poisson
High status founder 0.432%** 0.267*** 0.179%** 0.149%** 0.153*** 0.098***

(0.046) (0.027) (0.022) (0.021) (0.020) (0.020)
Negative Binomial

High status founder 0.432*** 0.315*** 0.194*** 0.153*** 0.159*** 0.110%***
(0.050) (0.035) (0.025) (0.023) (0.025) (0.025)
N 3,314 3,314 3,314 3,314 3,314 3,314
CMGPD-LN
Linear
High status founder 0.160*** 0.619*** 0.542*** 0.320*** 0.221*** --
(0.010) (0.022) (0.028) (0.033) (0.043)
Exponential
High status founder 0.144*** 0.359*** 0.123*** 0.019* -0.033*** --
(0.009) (0.013) (0.010) (0.009) (0.010)
Poisson
High status founder 0.548*** 0.410*** 0.186*** 0.135*** 0.096*** --

(0.032) (0.015) (0.012) (0.011) (0.010)
Negative Binomial

High status founder 0.548*** 0.459*** 0.203*** 0.172*** 0.172*** --
(0.035) (0.018) (0.014) (0.014) (0.016)
N 18,997 18,997 18,997 18,997 18,997

Note: Figures in the table are excerpted from Appendix B. Standard errors of the coefficients are in
parentheses. p* < .05, p** <.01, p*** <.001 (two-tailed tests).

Sources: China Multi-Generational Panel Dataset-Imperial Lineage (CMGPD-IL), China Multi-Generational
Panel Dataset-Liaoning (CMGPD-LN).
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Table 4.5 Mixture Negative Binomial Regressions of Male Descendants Growth and Extinction

Years
t=25 t=50 t=75 t=100 t=125 t=150

CMGPD-IL

Stock Model: P(N(t))

Logistic model: N(t)>0

High status founder 0.575%**  1.126*** 1.185***  1.116***  0.981***  (0.970***
(0.077) (0.101) (0.099) (0.089) (0.082) (0.080)

N 3,314 3,314 3,314 3,314 3,314 3,314

Truncated negative binomial:

N(t) | N(t)> 0

High status founder 0.352***  0.431*** 0.484***  0.543***  0.606***  0.568***
(0.090) (0.049) (0.048) (0.055) (0.062) (0.068)

N 1,419 2,374 2,306 2,088 1,801 1,592

Flow Model: P(N(t)|N(t-1)>0)

Logistic model: N(t)>0

High status founder 0.575***  0.728*** 0.632***  0.585***  (.381** 0.533***
(0.077) (0.201) (0.171) (0.151) (0.135) (0.152)

N 3,314 1,419 2,374 2,306 2,088 1,801

Truncated negative binomial:

N(t) | N(t)>0, N(t-1)>0

High status founder 0.352***  (.252*** 0.145***  0.102***  0.102***  0.037
(0.090) (0.050) (0.029) (0.025) (0.025) (0.026)

N 1,419 1,261 2,306 2,088 1,801 1,592

CMGPD-LN

Stock Model: P(N(t))

Logistic model: N(t)>0

High status founder 0.659***  1.153*** 1.123***  1.058***  (0.974***  --
(0.051) (0.041) (0.039) (0.038) (0.037)

N 18,997 18,997 18,997 18,997 18,997

Truncated negative binomial:

N(t) | N(t)>0

High status founder 0.254***  0.307*** 0.243***  0.211***  0.168***  --
(0.079) (0.027) (0.023) (0.027) (0.033)

N 3,975 10,247 9,423 8,111 6,820

Flow Model: P(N(t))

Logistic model: N(t)>0 | N(t-1)>0

High status founder 0.659***  0.702*** 0.411%**  0.401***  (0.219** --
(0.041) (0.140) (0.081) (0.072) (0.069)

N 18,997 3,975 10,247 9,423 8,111

Truncated negative binomial:

N(t) | N(t) >0, N(t-1) >0

High status founder 0.254** 0.195%** 0.056***  0.031* 0.001 --
(0.079) (0.027) (0.014) (0.013) (0.013)

N 3,975 3,584 9,423 8,111 6,820

Notes: Figures in the table are excerpted from Appendix C. Standard errors of the coefficients are in

parentheses. p* < .05, p** < .01, p*** < .001 (two-tailed tests).
Sources: China Multi-Generational Panel Dataset-Imperial Lineage (CMGPD-IL), China Multi-Generational

Panel Dataset-Liaoning (CMGPD-LN).
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DESCENT LINE SIZE (LOGGED)

TIME

Low-origin

High-origin, Initial
advantage

= = High-origin, Permanent
advantage

«+eees High-origin, Advantage
dissipation

Figure 4.1 Three Mechanisms for Effects of Founder’s Characteristics on Descent Line

Growth

Notes: For the low-origin descent line, we assume its growth function is N(T) = N(O)efoTT“)‘“ . Under the assumption

of initial advantage, the growth function of the high-origin descent line becomes N(T) = c- N(O)efoTT(t)dt, where ¢ is
constant multiplier to N(0). Under the assumption of permanent advantage, the growth function of the high-origin

descent line becomes N(T) = N(O)efoT“'r(f)df, where c is constant multiplier to r(t) for high-origin descent lines. Under
the assumption of advantage dissipation, the growth function of the high-origin descent line becomes N(T) =

N(O)efoT (er©-1 a@®dt)dt \yhere fOT a(t) dt accumulates over time and counteracts the effect of ¢ for a high-origin

descent line.
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Figure 4.2 Descent Line Size over Time, by Founder’s Status (CMGPD-IL)
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Figure 4.4 The Effect of Founder’s Status on Relative Descent Line Sizes and Growth Rates
over Time: CMGPD-IL
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Figure 4.6 Probability of Extinction in the Next 25 Years for High-origin and Low-origin
Descent lines: CMGPD-IL & CMGPD-LN
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Appendix Table 4A Regressions of Male Descendant Stocks

Stock Model
Linear Model
Founder’s status:
(Ref: low)
Eldest brother

Number of male
siblings

Imperial Lineage
(Ref: Main Line)
Population status
(Ref: Regular)
Intercept

R-square
N

Exponential
Model
Founder’s status:
(Ref: low)
Eldest brother

Number of male
siblings

Imperial Lineage
(Ref: Main Line)
Population status
(Ref: Regular)
Intercept

R-square
N

CMGPD-IL CMGPD-LN
t=25 t=50 t=75 t=100 t=125 t=150 t=25 t=50 t=75 t=100 t=125
0.286%**  1057+%*  1.027%%*  2607***  3008%%*%  3248%**  0160%**  0.779%%  1.321%%* 1 BALFR* 1 862***

(0.032) (0.074) (0.124) (0.176) (0.222) (0.250) (0.010)  (0.025) (0.046) (0.065) (0.089)
0.063 0.026 -0.022 -0.058 0.111 -0.026 0.023* 0.074**  0.118* 0.178**  0.285**
(0.036) (0.083) (0.138) (0.196) (0.248) (0.278) (0.010)  (0.026) (0.047) (0.066) (0.090)
0.018%**  0.040%**  0.082%**  0.128***  0.181%**  0197***  0010**  0.036*** 0.079***  0.078***  0.066*
(0.003) (0.007) (0.013) (0.018) (0.022) (0.025) (0.003)  (0.008) (0.015) (0.021) (0.029)
S0.116%%%  -0.4LTFFF -0.955%FF 1 702%%%  -2.344%F% 2 BEOH** - - - - -
(0.031) (0.070) (0.117) (0.166) (0.210) (0.236)
- - - - - - -0.054%**  0.163***  -0.323*** -0.250%**  -0.065
(0.010)  (0.026) (0.048) (0.068) (0.093)
0.463%%%  1.442%%%  2043%%%  23GLFA*  23IQFAx  2303¢kx (0 108KK*  (84Q%F*  1272%%%  143GFF* 1 5AGER
(0.036) (0.082) (0.136) (0.194) (0.245) (0.275) 0.011)  (0.028) (0.051) (0.073) (0.099)
0.047 0.096 0.125 0.136 0.139 0.132 0.016 0.051 0.046 0.034 0.023
3,314 3,314 3,314 3,314 3,314 3,314 18,997 18,997 18,997 18,997 18,997
0.224**%  0.500%*%*  0.655%**  0.734*** 07475  0739%%*  0.144%%%  0.504%**  0.627%%*  0.646%*%*  0.613%**
(0.025) (0.034) (0.040) (0.044) (0.047) (0.048) (0.009)  (0.015) (0.020) (0.021) (0.023)
0.057*  -0.006 -0.026 -0.052 -0.022 -0.050 0.020* 0.062*%**  0.085%**  0.095%**  0.108***
(0.028) (0.038) (0.045) (0.049) (0.052) (0.053) (0.009)  (0.016) (0.020) (0.022) (0.023)
0.013%%*  0.015%%*  0.022%**  0.026***  0.030%**  0.028***  0.010%**  0.022%**  0.034***  0.028***  0.022**
(0.003) (0.003)  -0.004 (0.004) (0.005) (0.005) (0.003)  (0.005) (0.006) (0.007) (0.007)
“0.084%*%  0174%%*  .0.263%**  -0.306%%*  -0525%F*  0578%** - - - - -
(0.024) (0.032) (0.038) (0.042) (0.044) (0.045)
- - - - - - -0.048%**  -0.058*** -0.073*** -0.018 0.049*
(0.009)  (0.016) (0.020) (0.022) (0.024)
-0.581***  0.061 0.202%%*  0.184***  0.092 0.039 -0.813%**  -0.353%**  0.250%**  0310%**  -0,.391%**
(0.028) (0.037) (0.044) (0.049) (0.051) (0.053) 0.010)  (0.017) (0.022) (0.024) (0.025)
0.045 0.092 0.118 0.140 0.154 0.153 0.017 0.056 0.054 0.047 0.038
3,314 3,314 3,314 3,314 3,314 3,314 18,997 18,997 18,997 18,997 18,997
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Appendix Table 4A (Cont.)

CMGPD-IL CMGPD-LN

Stock Model t=25 t=50 t=75 t=100 t=125 t=150 t=25 t=50 t=75 t=100 t=125

Poisson Model
Founder’s status: ~ 0.432***  (0.538***  0.663***  0.769***  0.871***  0.909***  (0.548***  0.612***  0.663***  0.698***  0.701***
(Ref: low) (0.046) (0.027) (0.022) (0.020) (0.020) (0.020) (0.032) (0.015) (0.012) (0.0112) (0.010)
Eldest brother 0.086 -0.001 -0.040 -0.073**  -0.043 -0.106***  0.091* 0.068***  0.069***  0.091***  (0.131***
(0.054) (0.032) (0.027) (0.025) (0.025) (0.025) (0.037) (0.018) (0.014) (0.013) (0.013)
Number of male 0.022***  0.016***  0.021***  0.025***  0.030***  0.031***  0.039***  0.032***  0.045***  0.038***  0.029***
siblings (0.004) (0.002) (0.002) (0.002) (0.002) (0.001) (0.011) (0.006) (0.004) (0.004) (0.004)
Imperial Lineage = -0.192***  -0.235***  -0.375*** -0.597***  -0.824*** -0.960*** - - - - -
(Ref: Main Line)  (0.046) (0.027) (0.023) (0.022) (0.023) (0.023)
Population status -- -- -- -- -- --

-0.233***  -0.161*** -0.210*** -0.140*** -0.030*

(Ref: Regular) (0.041) (0.019) (0.016) (0.014) (0.013)

Intercept -0.719*%**  0.389***  (0.746***  0.892***  (0.898***  (0.923***  -1.601*** -0.149***  0.262***  (0.389*** = (.474***
(0.052) (0.030) (0.025) (0.023) (0.022) (0.022) (0.041) (0.020) (0.016) (0.015) (0.014)

Log-likelihood -3465 -6234 -8584 -10645 -12212 -13179 -11828 -28487 -42792 -55003 -69692

N 3,314 3,314 3,314 3,314 3,314 3,314 18,997 18,997 18,997 18,997 18,997

Negative

Binomial Model
Founder’s status: 0.432***  0.536***  0.658***  0.766***  0.864***  0.888***  (0.548***  (0.612***  0.664***  (0.700***  (0.703***
(Ref: low) (0.050) (0.037) (0.043) (0.051) (0.061) (0.070) (0.035) (0.022) (0.029) (0.036) (0.045)
Eldest brother 0.088 0.005 -0.038 -0.070 -0.051 -0.110 0.091* 0.071** 0.071** 0.098** 0.132**
(0.058) (0.043) (0.050) (0.059) (0.070) (0.079) (0.040) (0.024) (0.030) (0.037) (0.046)
Number of male 0.022***  0.016***  0.020***  0.026***  0.029***  0.026***  0.040** 0.035***  0.052***  0.047***  0.039**
siblings (0.005) (0.004) (0.004) (0.005) (0.006) (0.007) (0.012) (0.008) (0.010) (0.012) (0.015)
Imperial Lineage  -0.188***  -0.225***  -0.358*** -0.583***  -0.804*** -0.922*** -- -- -- -- --
(Ref: Main Line)  (0.050) (0.037) (0.042) (0.050) (0.059) (0.068)

Population status -0.232***  -0,154***  -0,197***  -0.120** -0.012

(Ref: Regular) (0.044) (0.026) (0.032)  (0.039) (0.047)

Intercept F0.723%%%  0.385%%%  0.743%%% 0,880 0.902%%*  0.950%%%  -1.602*%** -0.156%**  0.249%%%  0.369%**  0.457***
(0.057)  (0.042) (0.048) (0.057)  (0.068) (0.077)  (0.044) (0.027) (0.033)  (0.042) (0.051)

Alpha 0.256 0.467 0.952 1533 2.290 3.051 0.601 0.741 2.027 3,531 5.641

Log-likelihood ~ -3446 -5841 -6875 -7054 -6782 -6474 -11740 -26854 32193 -32266 -30813

N 3,314 3,314 3,314 3,314 3,314 3314 18,997 18,997 18,997 18,997 18,997

Notes: Standard errors of the coefficients are in parentheses. p* < .05, p** < .01, p*** < .001 (two-tailed tests).
Sources: China Multi-Generational Panel Dataset-Imperial Lineage (CMGPD-IL), China Multi-Generational Panel Dataset-Liaoning (CMGPD-LN).
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Appendix Table 4B Regressions of Male Descendant Flows

Flow Model
Linear Model
Founder’s status:
(Ref: low)
Eldest brother

Number of male
siblings

Imperial Lineage
(Ref: Main Line)
Population status
(Ref: Regular)
Descendants at t-1
Intercept

R-square
N

Exponential
Model
Founder’s status:
(Ref: low)
Eldest brother

Number of male
siblings

Imperial Lineage
(Ref: Main Line)
Population status
(Ref: Regular)
Descendants at t-1
Intercept

R-square
N

CMGPD-IL CMGPD-LN
t=25 t=50 t=75 t=100 t=125 t=150 t=25 t=50 t=75 t=100 t=125
0.286***  0.771***  0.870***  0.679***  0.491***  (0.150 0.160***  0.619***  (0.542***  (0.320*%**  (0.221***
(0.032) (0.063) (0.077) (0.084) (0.092) (0.087) (0.010) (0.022) (0.028) (0.033) (0.043)
0.063 -0.036 -0.048 -0.036 0.169 -0.137 0.023* 0.051* 0.044 0.059 0.107*
(0.036) (0.070) (0.086) (0.094) (0.102) (0.097) (0.010) (0.022) (0.029) (0.033) (0.043)
0.018***  0.022***  0.042***  0.046***  0.053***  0.016 0.010** 0.026***  0.043***  -0.001 -0.012
(0.003) (0.006) (0.008) (0.009) (0.009) (0.009) (0.003) (0.007) (0.009) (0.011) (0.014)
-0.116***  -0.300***  -0.539***  -0.746*** -0.643*** -0.324*** -- -- -- -- --
(0.031) (0.059) (0.073) (0.079) (0.087) (0.082)
-- -- -- -- -- -- -0.054***  -0.110***  -0.160***  0.064 0.194***
(0.010) (0.023) (0.029) (0.034) (0.044)
-- offset offset offset offset offset -- offset offset offset offset
0.463***  0.979***  0.601***  0.318*** -0.041 0.074 0.198***  0.651***  0.423***  0.164***  0.111*
(0.036) (0.069) (0.085) (0.093) (0.101) (0.096) (0.0112) (0.024) (0.031) (0.036) (0.047)
0.047 0.068 0.082 0.073 0.047 0.010 0.016 0.044 0.022 0.005 0.003
3,314 3,314 3,314 3,314 3,314 3,314 18,997 18,997 18,997 18,997 18,997
0.224***  0.276***  0.155***  0.079***  0.013 -0.008 0.144***  0.359***  0.123***  0.019* -0.033***
(0.025) (0.031) (0.024) (0.022) (0.022) (0.021) (0.009) (0.013) (0.010) (0.009) (0.010)
0.057* -0.062 -0.020 -0.027 0.030 -0.028 0.020* 0.042** 0.022* 0.010 0.014
(0.028) (0.035) (0.027) (0.024) (0.025) (0.024) (0.009) (0.014) (0.010) (0.009) (0.010)
0.013***  0.001 0.007** 0.005* 0.004 -0.002 0.010***  0.012** 0.012***  -0.006* -0.006
(0.003) (0.003) (0.002) (0.002) (0.002) (0.002) (0.003) (0.004) (0.003) (0.003) (0.003)
-0.084***  -0.090**  -0.088*** -0.134*** -0.128***  -0.053** -- -- -- -- --
(0.024) (0.030) (0.023) (0.021) (0.021) (0.020)
-- -- -- -- -- -- -0.048***  -0.011 -0.014 0.054***  0.068***
(0.009) (0.014) (0.010) (0.010) (0.010)

-- offset offset offset offset offset -- offset offset offset offset
-0.581***  0.642***  0.141*** -0.018 -0.092***  -0.053* -0.813***  0.460***  (0.094*** _0.051***  (0.081***
(0.028) (0.034) (0.026) (0.024) (0.024) (0.023) (0.010) (0.015) (0.011) (0.010) (0.011)

0.045 0.031 0.027 0.024 0.015 0.002 0.017 0.038 0.009 0.003 0.004
3,314 3,314 3,314 3,314 3,314 3,314 18,997 18,997 18,997 18,997 18,997
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Appendix Table 4B (Cont.)

CMGPD-IL CMGPD-LN
t=25 t=50 t=75 t=100 t=125 t=150 t=25 t=50 t=75 t=100 t=125

Poisson Model
Founder’s status: 0.432***  0.267***  0.179***  0.149***  (0.153***  (0.098***  (0.548***  0.410***  0.186***  0.135***  0.096***
(Ref: low) (0.046) (0.027) (0.022) (0.021) (0.020) (0.020) (0.032) (0.015) (0.012) (0.011) (0.010)
Eldest brother 0.086 -0.046 -0.040 -0.035 0.024 -0.070** 0.091* 0.035* 0.024 0.036** 0.056***

(0.054) (0.046) (0.027) (0.025) (0.025) (0.025) (0.037) (0.018) (0.014) (0.013) (0.013)
Number of male 0.022***  0.001 0.005** 0.005** 0.006***  0.001 0.039***  0.020***  0.021***  0.001 -0.003
siblings (0.004) (0.002) (0.002) (0.002) (0.001) (0.001) (0.011) (0.006) (0.004) (0.004) (0.004)
Imperial Lineage -0.192***  -0.103***  -0.160***  -0.242***  -0.264***  -0.200*** -- -- -- -- --
(Ref: Main Line) (0.046) (0.027) (0.023) (0.022) (0.023) (0.023)
Population status -- -- -- -- -- -- -0.233***  -0.081***  -0.061***  0.053***  (0.102***
(Ref: Regular) (0.041) (0.019) (0.016) (0.014) (0.013)
Descendants at t-1 -- offset offset offset offset offset -- offset offset offset offset
Intercept -0.719*%**  0.717***  0.280***  0.088***  -0.055* -0.046* -1.601*%**  0.533***  (0.195***  -0.030* -0.067***

(0.052) (0.031) (0.025) (0.022) (0.022) (0.022) (0.0412) (0.020) (0.016) (0.015) (0.014)
Log-likelihood -3465 -5692 -5344 -4994 -4710 -4449 -11828 -24899 -23529 -22537 -22749
N 3,314 3,314 3,314 3,314 3,314 3,314 18,997 18,997 18,997 18,997 18,997
Negative
Binomial Model
Founder’s status: 0.432***  (0.315*%**  (0.194***  (0.153***  (0,159***  (0.110***  0.548***  (0.459***  (0.203***  (0.172***  (0.172***
(Ref: low) (0.050) (0.035) (0.025) (0.023) (0.025) (0.025) (0.035) (0.018) (0.014) (0.014) (0.016)
Eldest brother 0.088 -0.065 -0.040 -0.036 0.016 -0.063* 0.091* 0.048** 0.033* 0.048** 0.070***

(0.058) (0.041) (0.030) (0.028) (0.030) (0.031) (0.040) (0.021) (0.016) (0.016) (0.019)
Number of male 0.022***  0.001 0.006** 0.005** 0.005** 0.001 0.040** 0.022***  0.023***  0.004 0.002
siblings (0.005) (0.003) (0.002) (0.002) (0.002) (0.002) (0.012) (0.007) (0.005) (0.005) (0.006)
Imperial Lineage -0.188***  -0.107** -0.156***  -0.238***  -0.264***  -0.188*** -- -- -- -- --
(Ref: Main Line) (0.050) (0.035) (0.026) (0.024) (0.026) (0.027)
Population status -- -- -- -- -- -- -0.232***  -0.080***  -0.056** 0.068***  0.132***
(Ref: Regular) (0.044) (0.022) (0.017) (0.017) (0.019)
Descendants at t-1 -- offset offset offset offset offset offset offset offset offset offset
Intercept -0.723***  0.776***  0.267***  0.068** -0.075** -0.079** -1.602***  (0.514***  (0.157*** -0.121*** -0.261***

(0.057) (0.040) (0.029) (0.026) (0.027) (0.028) (0.044) (0.023) (0.018) (0.019) (0.022)
Alpha 0.256 0.264 0.065 0.039 0.059 0.058 0.601 0.231 0.066 0.116 0.252
Log-likelihood -3446 -5533 -5307 -4972 -4657 -4404 -11740 -24635 -23427 -22138 -21378
N 3,314 3,314 3,314 3,314 3,314 3,314 18,997 18,997 18,997 18,997 18,997

Notes: Standard errors of the coefficients are in parentheses. p* < .05, p** < .01, p*** < .001 (two-tailed tests).

Sources: China Multi-Generational Panel Dataset-Imperial Lineage (CMGPD-IL), China Multi-Generational Panel Dataset-Liaoning (CMGPD-LN).
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Appendix Table 4C Mixture Negative Binomial Regressions of Number of Male Descendants

Stock Model: P(N(t))

Logistic model:

N(t)> 0 (survival=1)

Founder’s status:
(Ref: low)
Eldest brother

Number of male
siblings

Imperial Lineage
(Ref: Main Line)
Population status
(Ref: Regular)
Intercept

N

Truncated negative binomial:

N(t) [N(t) >0
Founder’s status:
(Ref: low)
Eldest brother

Number of male
siblings

Imperial Lineage
(Ref: Main Line)
Population status
(Ref: Regular)
Intercept

N
Log-likelihood
\Vuong Test

CMGPD-IL CMGPD-LN
t=25 t=50 t=75 t=100 t=125 t=150 t=25 t=50 t=75 t=100 t=125
0.575%%% 1126  1.185%**  1116%**  0.981***  0.070%%*  0.650%**  1153*%*  1123%** ] (058***  (,974%**
(0.077) (0.101)  (0.099)  (0.089)  (0.082)  (0.080)  (0.041) (0.041) (0.039) (0.038) (0.037)
0.154 -0.137 -0.086 -0.110 -0.025 -0.079 0.101* 0.175%**  0.174%*%*  0.165%**  (.193%**
(0.087) (0.096)  (0.095)  (0.091)  (0.089)  (0.090)  (0.046) (0.038) (0.038) (0.039) (0.040)
0.033***  0.021*  0.028%*  0.032*** 0.039%**  0.040%** 0.055*** 0.039**  0.039**  0.025* 0.027*
(0.008) (0.010)  (0.010)  (0.009)  (0.009)  (0.009)  (0.014) (0.012) (0.012) (0.012) (0.013)
-0.185%  -0.330%** -0.287%%* -0.340%**  -0514%%*  -0.638*r* - - - - -
(0.073) (0.082)  (0.081)  (0.077)  (0.074)  (0.075)
- - - - - - -0.246%**  0.085* 0.054 0.075 0.127**
(0.050) (0.039) (0.039) (0.039) (0.040)
-0.603***  0.760%** 0.557***  0.265**  -0.060 0.255%*%  -1.606***  -0.287***  -0.454%%% 0 707F** -1 016%**
(0.086) (0.098)  (0.096)  (0.092)  (0.089)  (0.088)  (0.051) (0.042) (0.042) (0.042) (0.044)
3,314 3,314 3,314 3,314 3,314 3,314 18,997 18,997 18,997 18,997 18,997
0.352%%*  0.431%**  0.484***  0.543%**  0.606™**  0.568***  0.254%* 0307  0.243%**  0211%**  0.168%**
(0.090) (0.049)  (0.048)  (0.055)  (0.062)  (0.068)  (0.079) (0.027) (0.023) (0.027) (0.033)
0.008 0.062 -0.020 -0.039 -0.044 -0.078 0.070 -0.019 -0.021 0.003 0.014
(0.107) (0.059)  (0.057)  (0.066)  (0.075)  (0.082)  (0.097) (0.032) (0.027) (0.033) (0.039)
0.018* 0.017%**  0.018%**  0.021%**  0.020%**  0.017**  -0.018 0.031**  0.038***  0.035***  0.018
(0.008) (0.005)  (0.004)  (0.005)  (0.006)  (0.006)  (0.031) (0.010) (0.009) (0.010) (0.012)
0.227%  -0.205%** -0.371%%*%  QBL7FF*  -0.766%**  -0.793%** - - - - -
(0.094) (0.050)  (0.048)  (0.056)  (0.064)  (0.071)
- - - - - - -0.214 -0.400%%%  -0.325%%*  -0227***  -0,128%**
(0.112) (0.036) (0.029) (0.033) (0.039)
0.700%%%  0.324%*%  0.894%*%  111g%F*  1278%k% 1 435RRK ] AQTRRR 0162%%%  0.044%F%  1221%k% ] 5O7RRH
(0.146) (0.064)  (0.058)  (0.068)  (0.075)  (0.082)  (0.213) (0.040) (0.032) (0.038) (0.046)
1,419 2,374 2,306 2,088 1,801 1,592 3,975 10,247 9,423 8,111 6,820
-3,423 5,775 -6,802 6,977 -6,704 -6,387 11,730  -26,660  -31,630  -31,700  -30,310
0.80 3.20%%%  34BFF*  3OG%KK  AB3ERR G EQERX D A4 .03%%%  75RRx 77366 1§ 8IRA
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Appendix Table 4C (Cont.)

CMGPD-IL CMGPD-LN
Flow Model:
P(N(t)|N(t-1)>0) t=25 t=50 t=75 t=100 t=125 t=150 t=25 t=50 t=75 t=100 t=125
Logistic model:
N(t) >0 | N(t-1)> 0
Founder’s status: 0.575*** 0.728***  (0.632***  (0.585***  (0.381** 0.533***  (0.659***  0.702***  0.411***  0.401*** 0.219**
(Ref: low) (0.077) (0.201) (0.171) (0.151) (0.135) (0.152) (0.041) (0.140) (0.081) (0.072) (0.069)
Eldest brother 0.154 0.179 0.032 -0.105 0.188 -0.093 0.101* 0.447***  0.010 0.036 0.178*
(0.087) (0.211) (0.179) (0.158) (0.155) (0.165) (0.046) (0.131) (0.087) (0.076) (0.078)
Number of male 0.033*** 0.015 0.049* 0.049** 0.046** 0.056** 0.055***  0.034 0.043 -0.034 0.023
siblings (0.008) (0.020) (0.020) (0.018) (0.016) (0.019) (0.014) (0.044) (0.028) (0.024) (0.026)
Imperial Lineage  -0.185* -0.780***  -0.137 -0.345* -0.715%**  -0.788*** -- -- -- -- --
(Ref: Main Line) (0.073) (0.185) (0.152) (0.138) (0.131) (0.145)
Population status -- -- -- -- -- -- -0.246***  0.327 -0.144 0.093 0.237**
(Ref: Regular) (0.050) (0.168) (0.083) (0.080) (0.084)
Descendants at t-1 -- control control control control control -- control control control control
Intercept -0.603*** 2.146***  1.973*** 1.830***  1.684***  1.739***  -1.606***  1.659***  2.056***  1.718*** 1.399***
(0.086) (0.225) (0.180) (0.168) (0.161) (0.180) (0.051) (0.143) (0.097) (0.086) (0.087)
N 3,314 1,419 2,374 2,306 2,088 1,801 18,997 3,975 10,247 9,423 8,111
Truncated negative binomial:
N(t) | N(t) >0, N(t-1) > 0
Founder’s status: 0.352*** 0.252***  0.145***  0.102***  0.102***  0.037 0.254** 0.195***  0.056***  0.031* 0.001
(Ref: low) (0.090) (0.050) (0.029) (0.025) (0.025) (0.026) (0.079) (0.027) (0.014) (0.013) (0.013)
Eldest brother 0.008 0.033 -0.029 -0.021 0.010 -0.057 0.070 -0.062 0.001 0.027 0.031
(0.107) (0.058) (0.035) (0.030) (0.031) (0.032) (0.097) (0.032) (0.016) (0.016) (0.016)
Number of male 0.018* 0.006 0.006* 0.004* 0.003 -0.001 -0.018 0.020 0.018***  0.002 -0.007
siblings (0.008) (0.004) (0.002) (0.002) (0.002) (0.002) (0.031) (0.010) (0.005) (0.005) (0.005)
Imperial Lineage  -0.227* -0.051 -0.173***  -0.244***  -0.223***  -0.116*** -- -- -- -- --
(Ref: Main Line) (0.094) (0.052) (0.030) (0.026) (0.028) (0.029)
Population status -0.214 -0.201***  -0.088***  (0.053** 0.114%***
(Ref: Regular) - - - - - h (0.112) (0.039) (0.019) (0.017) (0.017)
Descendants at t-1 -- offset offset offset offset offset -- offset offset offset offset
Intercept -0.700%** 0.489***  0.304***  0.132***  0.021 0.022 -1.497***  0.671***  0.386*%**  0.131*** 0.127***
(0.146) (0.059) (0.033) (0.027) (0.028) (0.028) (0.213) (0.036) (0.019) (0.018) (0.019)
N 1,419 1,261 2,306 2,088 1,801 1,592 3,975 3,584 9,423 8,111 6,820
Log-likelihood -3,423 -2,814 -4,745 -4,679 -4,388 -3,939 -11,730 -7,137 -18,900 -19,040 -17,800
\Vuong Test 0.80 0.42 2.98** 7.07%*%* 9.88*** 10.07*%**  2.44** 1.39 7.04%** 13.48%** 3.80***
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Notes: The Vuong test statistics compare mixture negative binomial models with the corresponding negative binomial models in Appendices A and B.
Standard errors of the coefficients are in parentheses. p* < .05, p** < .01, p*** < .001 (two-tailed tests).
Sources: China Multi-Generational Panel Dataset-Imperial Lineage (CMGPD-IL), China Multi-Generational Panel Dataset-Liaoning (CMGPD-LN).
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