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ABSTRACT

This papst illusttates the mterval graph doproach 1o studying the life course.
Under this fiame wotk, lite histotes ave tepresenied as netwotks of telalions among spells
i=. g.. jobs, mattiagss, children, schooling). The focus is thus on the inlsts=clion of roles
actoss lime. We intreducs twe potentially impoitant uses of this approach: 1o provide
patsimonions sumimaty meas uies of mulli-domain lifs histoti=s: and 1o =hable
compatisons of individuals” ovetall 1ols ovetlap pattetns over the lifs coutse.
Applications of these methods are demomirated using relios pective lifs history data fram
asample of 1,532 men and women in Upstats New Yok, Implications of
methedelogical vatialions are discussed and some potential uses of the methods for lifs

coutse reszaichets ate suggesied.
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[NTRODUCTLOMN

Scholats of the life conise, induding many who focus on woik cateets ot family
processes, face the challengs of ass=ssing molipls rale ttajecioti=s over time. The lits
couiss peispeclive molivales intetest not only in the chatacietistics of individuals’ cuirent
wotk toles, for inslance, bul alse in events within their othet, colziminous toles, and in
the pathways thal led them 1o their present sioations (e.g., Elder 1995). This view point
has genetated stimulating discussions on how otdering, spacing, and giouping of 1dles
and svenis can affect individuals’ choicss and sxpetisnces, as well as on the s=is of
“ypical” trajectoties which emetge within particular socio-tempotal comexts (Elder,
Shanahan, and Clipp 1994, Geotge 1993; Giele 1998, Moen, Eldet, and Luscher 1995).
A wealth of panel studi=s and studi=s incotporating life history teviews provides the
requisile data toi such analyses. This same dala, however, has dtawn atl=ntion 1o
limitations of tradiiional m=thedological approaches in this av=a. Despile the tichness of
many life history data sels, a satisfaciory implementiation of the life-conise approach has
besn hampeied by the difficully of analvzing complex, mullidime mional, and int=tnally
telated data with standard statistical 1ools (e.g.. Singsr et al. 1998). Atlempling 1o
gtapple with life-conise questions using the availabe methods can beliks tiving 1o uss a
two-dimemsional represeniation 1o solve a thres-dimensional pozzle. We are enconraged
1o lock al experiences not only in one life domain, such as wotk ot family, bul across
concuttent lifz domaims as well. We are cautionsd to comider not only cutvent situations,
bul also the pathways actoss time thal engendered thoss stales. Howewver, cotrently
ulilized methods atz designed 1o focus sither on izlationships betwesn toles al one point

in time, ot on the s=quence of {tansilions in a single tole over time. A technique for
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assessing 1he changing palietn of i nizisecling mullipls life doimains ovet ime would be a

us=tul addition 1o the cutt=ni repeiicive.

Fotlunatzly, the fizld of lifs coutse studiss is nol alonzinits need to t=present and
analyze complex, t=lational data. Social network analysis — at first blush an unlikely
souice for life courss methods — has also had 1o deal with the challenge of anayzing
telational data, and has developed a wide attay DFan:cdmrs foi uhcoveii ng, descii bing,
and predicting structotal velationships. By identifying graphic (i.e., neiwork]
tepresemations for life history data, teszarcheis can apply sstablished 1=chniques fou
analyzing int=tpersonal relatiomships 1o the infripe rsonal relationships betwesn lit=
coutse spells. Recent statistical innovations in netwotk analysis provide methods for
analyzing evetall lif= coutse patizins that wers unthinkale when many of the theotetical
bases fou life courss tes=arch wers fitsi concsived, and the potential gain of applying
these ook 1o life history data is substantial. The piemise of the tesulling new appioach
is that the lif= coutse can be meaningtully tepreseni=d as a patiein of relarfonships
between roles or stutes, based fundamentally on their ovetlaps over time (Buils and
Fixdey 2001). In this papet, we inltoduce iwo potentially impotiant uses of this fntervel
greiph approcch 1o lifs contse ressaich: 1o provide parsimonions summaty measores of
multi-demain lifs histoties, and 1o enabez compatisons between individoals” oveiall 1ols
ovetlap pati=tns over the lifs coutse.

Comparison with Existing Models

Befors moving 1o a comidetation of this new approach, ilis impotiant 1o teview

soime of the other innovations that have been made in life coutse tes=arch over the past

tew decades. Arguably, the mest promising methods cutrently available for studying lif=
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coutse patlerns ulilize event hislory analysis (e.g., Diobnic, Blossteld, and Rohwer 1999
Long, Allison, and McGinnis 1993; Wu and Matlinson 1993) or sequencing techniques
(e.g., Abbotl and Hryveak 1990 Blair-Loy 1999, Giele and Elder 1998, Han and Moen
1999). Eveni history modsls ave primarily designed for stndving predictors of specific
ttansitions, such as changes in sducational ot f=riility stalus. They aie genetally based on
a shared stochastic medeling tramewotk founded on an assumption of “rate svenis™ (in
the poisson senss) whose undestlying tat= of occuttence may be modelsd by t=lating
observed rales lo varions covariales. Sequence analysis, particulatly in conjunclion with
optimal matching t=chniques, is mote ofien appropriais for analyzing and compating
whole ttajectoties within a certain domain, such as wotk carests over time. The ssquence
analysis have iended 1o lake a mote data-analWic approach 1o studving the life couise,
and have placed l=ss smphasis on model-based infetence than have svent histoty
teseatchets. Though there is a lively debale about the i=lative otility of thess methods for
lif= coutse resmarch (se=, =g Abbotl and Tsay 2000, Levine 2000, Wa 2000), we would
atgue thal both appicaches are appropiiale, albeit for different teseaich tasks. Inthe
initial, explotaloty phases of tes=aich ipatrticulatly when priot khowledge is weak
regatding transilion processes and associaled covariates | putely data analvlic, descriplive
proceduies, such as those most ofien associaled with sequence analysis, ave genetally
approptiate. Later, when additional know l=dge peimils specification of 2 plansible
stochastic model, inferential approaches, such as these of event hislory analysis, beoome
mote suitable. The int=ival graph appicachio lifs conise teszaich (which weemploy
het=] =ntails both a represeniational scheme and an associated family of methods for
analyzing and compating life coutse pattzrns (Bulls and Pixley 2001); in this tsspect, it is

similat 1o both event history and s=quence analysis. The spcciﬁc methods inttoducsd hepe
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ate dala analvlic techniques which in some ways tesemble and, we belisve, complement
work cuttenly being done using sequence analvsis. However, this general approach is
not limited 1o explotalory proceduies, and fulors work will =lucidats the velated

infer=ntial {=c hn'inJE.J

The Interval Graph Approach

COne chatactenistic commen toeveni histary and sequence analyss methods is that
their strengihs liz in studyving changes ina single domain over time. While it is possible
in cerlain citcumslances 1o adapt thess methods 1o incl ude simoltaneous changes in other
domains, such solutions iend 1o be inelegant atl besi. Al wotsl, the comsidetation of
multiple domains can r=nde=r analys=s computationally infeasible and requit= a
comsidetable number of additional medeling assumptions. Even Andrew Abbott, a
stalwarl suppotier of sequence analysis, tecogni zes that s unilinsar naturs is an “sbvious
drawback™ for cettain applications (Abbott and Tsay 2000: 10).°

Ln the intetval graph appioach 1o the life couise, lifs histoii=s ai= repiesenied as a
patietn of ovetlapping life course spells (=.g.. jobs, mattiages, children, schooling). The
tocus & thus not on the oider of vents (alhough this can be incorpotated; s== Buolls and
Pixdey (2001]), but onthes co-cccurtencs of toles ot states. Elsments of the lif= history
ate treated as relational entities, and the structure of conneclions betwesn elements is the
primaty object Dfsiud}'. As such, this approach is well-spited foi examining inletaclions
bet ween mullipls domains, and can addre=ss research questions for which a sequence
analytic or event hisloty approach is not as appropriaie. Allhough individoals® toles may
be t=lated 1o one another in various ways,the co-oocuttence of toles is a key theme in
many atzas of tescaich. The study of work and family roles, for instance, ofien indicates

that the natui= of wotking, being mattied, ot having children diffeis depending upon
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whethet one holds =ithet ot both of the othet 1wo toles al the saime Hines ie.g., Han and
Mao=n 1999, Hotchkiss and Moors 1999, Spain and Bianchi 1996). The stoudy of lit=
trajecioties suggests thatl cutrent toles may be betler undersiood by examining the
pathways taken up o that point, including, in the t=tminalogy of the int=rval graph
appioach, the patiein of ovetlapping tol=s held previcusly (Mosn 1997, Shanahan 2000,
Spain and Bianchi 1996).

The inclusion and definition of 1y pes of lifs courss slements (most ofien spells) 1o
comsider in izpresenling the life history is guided by the t=szaich question. Rescaichers
wha wish 1o include smpl oyiment spells, for instancs, may chooss 1o define such spells as
any petiods in which individuals woik for pay, ot define pait-time and full-lime jobs as
diffeie it lvpes ::Espclls, as priot knowledge diclales. Other ressaichets may choose 1o
include spells based on physical disability, involvementin elder cave, child custody,
volunizer wotk, ot geographic location. Ln all cases, the needs of the t=seaicher and the
availability of the data should motivale the choice of spell t=presentiation (s== Butis and
Pixley (2001) tor further disc ussion).

Heis, we discuss {wo famili=s n:ni:anal}'srs enabled by this appioach 1o life couise
reseatch: thoss invelving compatisons of desctiptive indices on life contse graphs, and
thoss invelving ditecl campatisons of canplets lits history sttuctures. In the fist,
patiztns of ovetlaps between spells are assess=d wing int=tval graph techniques, which
provide non-patametiic indicators of individuals’ lite coutse chatactetistics. This
procedute provides new, mote patsimonions ways of desciibi ng data about life couiss
patierns withool making any assumplions about internal cavsality. In this paper, we
tocus on graph-level indices, such as the overall density of ovetlaps ot the number of

ovetlaps between emplovmen and child spells. * These indices can 1then be us=d in any
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made=] suitable for desciiptive measutes.” For instance, 1thev could be used as
ind=pendent variables in a t=gression model (in conjunclion with othet indicators, it
desited, such as characizristics of childhood background o1 timing of catly ttansitions) 1o
pradict cutrant oulcomes of iner=st.

In the second family of analysss, the constiuction of quantitative differences
between inletval giaphs snables the ditect contiast of individuals” overall lifs paths. A
sttuciutal distancs anal}'sis,!' made possible by recent innovalions in interstruciural
compatison methods (Bulls and Catley 2001), calculates the distance between sach pair
of lif= coutse patt=tns. The distance scovs indicai=s the numbet (ot in some
specifications, the aggiegale length) of zach 1ype of ovedap, such as job-child ot child-
child, that would heed 1o be changed in oidet 1o make two graphs identical . A vanety of
analys=s can be conducted with structotal distances. In one, multidimensional scaling of
the inler-graph distances can be used 1o uncover latent dimensional sttuctore, patticularly
in conjunctlion with procedutes such as canonical cotrelation analysis of multivatiates
tegression. Such analyses can be used 1o reveal, tor instance, which life expeiicnces
cottelale most strongly with key dimensioms of ovetall distance between lifs coniss
gtaphs. Allernately, analysss can focus on distances between specific paits of people,
such as spousss. This would be appropiiates for questions such as the sxient 1o which
spouses with mote dissimilar initial work sxpeti=nces later =xhibil mots dissimilar lif
coutse pailerns, ot whether similatily of life coutse patiens is telaled 1o perozived
spousal suppottl. Similatly, an “analyszis of distanc=" lanalogous 1o an analysis of
vatiance| can assess within- and betwesn-group differ=nces in lifs contse patietns among,
tor sxample, professional woimen, professional men, nenprofessional women, and

nanpmi:ﬁsi-:unal men. Fnally, cluster analysis techniques can reveal groups of similar
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graphs, allowing a classification of 1vpical life couise palletns. The appioprialensss and
effectivensss of sach of thess applications re=st heavily on the substantive theor=tical
assumplions, patliculatly as they affect how life course spells ave defined and the tangs

of variation on key indicators within the s=lecied population.

INTERVAL GRAPH METHODOLGY

The intzival graph appioach io the t=preseniation and analysis of lifs histoties is
based upon graph-thsotstic tachniques that av= alv=ady well sstablished in the study of
social netwotks, Standard nethods exist for defining and calculating both chataciztistics
of individuals within netweotks and netwotk-level indices (Wassetman and Faust 1994,
Typically. these techniques are nsed 1o describe in detail a single netwotk, such as a large
oltganzalion, ot 1o compate helworks using graph-level indices, such as size of netwoik
ot demsity of tiss. Sesking to compars fis patistns of diffst=ni n=tworks, Banks and
Catley (1994 suggesied contrasting the adjacency maticoss of zach netwetk (a matiix
that indicat=s whether =ach paitr of vertices has an sdgs, ot ti=, betwesn them) using
Hamming distance (an eslablished method of compating sequences). Recent woik
building on this idea has rendeied it practicables for paitially labeled ot unlabel=d
sttuciotes and sxtendsd it 1o the madeling of graph covatiance, snabling the application
of standard mullivatials methods to the compatison of entits sttuctutes, such as social
networks (Butls 1998, Bults and Carlev 1998; Botts and Carley 2001). This t=chnique &
only now being tefined 1o apply specifically 1o the study of lifs couise patizins (Buils and
Pixley 2001). Whils the technical aspecis of this appioach are being intteduced
concuttenily 1o a audisnce familiar with similar msthedologies, this paperis the fitst o

present it 1o a bioadet mnge of social scientists and 1o include examples of data analyses.



Intetval Graph Apptoach, page 8

Hei=, th= basic =l=sn=nis of this t=ch nique ate desciibed and illusitaled, 1o an avdience

assumed 1o have liile or no prior experience with graph theoty or net work methods.

(FIGURE 1 ABOLUT HERE)

Simple Graphs

A lif= history can be tepresenied as spellssitnated on atime line, as in Figure 1.
Much of this woman's life can be gleaned from this chail. Afier finishing schodl | she
began a full-tine job. Shotly afier mariying, she changed jobs. She continusd wotking
at this job afiet het fitst child was botn, but quit when het second child was boin. After
about a year, she ook a pati-time job, but when the mattiage ended., she incteased her
wotk hours, and had thres full-time jobs over the next fifisen years. A coupls of years

afier both childien had moved out, she began a new matital velationship.

Thus presenizd, the lite history chat cleatly helps to illusitale nattalive accounts
of people’s lives. Howewver, it offets no means with which 1o compats one nattative 1o
another that ate not reducible 1o spell-level chatact etistics, such as comparing the number
of jobs ot childr=n, ot the amount of time spent in full-tims versos pari-time smploymeni.
Ln the life course peispective, lives ate mote than simple aggregates of micio-level
measutes. The challenge, then, is how o compare life conise patleins in fofe, preseiving
key concepls tevealed inthe life history chatt, such as ordeting and co-occutience of

spells. To do so, we tepresent the life couise paliein wing graph-theotetic techniques.

IFIGURE 2 AEOUT HERE)
MNeweoomets 1o nelwotk analysis may benefit fiom an overview of the
terminology, which is easiest 1o undetstand when illustrated by a simple graph (ses

example in Figore 2). In this graph, the vertices and the tiss bet ween them could
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tepreseil linkages betwesna wide tange of objects ot concepls. As most readeis will be
tamiliar with the construct of 2 social netwotk, l#t usimagine this graph 1ob= a
sociogtam  Each verlex thus tepresents an aclot, while sach tieis a relationshi p betwesn
thoss two aciots. One notable aspect of the graph in Figure 2is thatil is noi “connected.”
That is, thete are three components: while most aciors ave connecied in one cmponent,
v, [veriex “A”) is unconnecled 1o any othet aclot, and v, and ¥y ate con necled only 1o =ach

ol het.

As network chatacti=iistics aiz genetally only meaningful for groups of thies or
mote verlices, we confine cutillusitations of thess indicss 1o the larger component.
Cenitality is a verlex-level propeily which can be measuted in a vatisty of ways, three of
which we offer hei=. In this gioup, vy ve and v, ate each connecled by ties o five other
actors: they exhibit the highest degree centrality, while v, and v, exhibit the lowest, sach
being tied 1o only one other actor. The betweenness centrality index indicales how
trequently the veriex li=s on the geodesic, ot shoriest path, betwesn two othet ve Hices.”

Heiz, for example, v, v_, v, and v have a belwesnness scote of zeto: pul simply, theies is

no pait of aclois for whom any of these aclots funclion as a bridge on the shoii=st path
linking the two. Mote that vy and v, have higher belweenness scoves than vy even though
they ate connecied io the same number of people, because the fitst iwo zach know
someons who is not conneclad 1o anyone sls= inths group. So, wheteas most of the
peopk vy knows also know each ather, the shottest path between v, and ancther actor is
always thvough vy (and likewise for veand vl A thitd 1ype ofcentialily & closeness,
which is calculated wsing the average length of the shotiest path (the number of

inteivening aciors) belwesn an aclor and all other actots. (While this is ill-defined for
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disconnecied graphs, recall thal we ai= hete consideting only the laigesi component. |
Again, vy vg and v, aie 1the most central in this tespect, being diteclly tied 1o five other
actots and only ons aclor away from the ranaining twe, whils v, and v, have the lowest

closensss centrakily.

Graph-level indicalors of centrilizition indicale the extent 1o which degiee,
bet weenness, of closeness centtalily is conceniraled on one aclot. The highest scoteis
obtainsd whenone actor has the maximum possible centality and the rest of the aciows
have the lowest possible centtality.® while the lowest scove is obtained when all actows
have squal centrality. The density of a graph is the numbet of social tiss as a propottion
of the 1otal number of possible tiss, given the number of actors. While the graph in
Figute 2 may ook dense,ilis sasy loimagine an incieasein the densily if imoie pai 15 of
actotrs weie linked 1o each othet (=.g., connecling v,. v, and v; 1o other aciors inthe main
component). Asil is, 13 ties are tzalized oul of the possible 55 dyads, for a demily of
24, Chher graph-l=vel indices of int=rest includs the medicn degree (1he median degres
centality scove |, the diconeter (the longest geodesic, ot shotiest path bet ween 1wo actons,

in the graph), and the mecn geodesic distmce .

Simple Interval Graphs

The same indices just described apply also 1o interval graphs, although the
meaning of the indices can be less intuitively obvious. An inerval graph can be
comitucied with verlices thal are nol discrele points (=g, actors) botl iMetvals (=g, the
inteival of lime 2 compulerina netwotk will be busy). Heie lies i=fet 1o ovetlaps
between those inteivals (2.g.. when iwo compuiers will be busy at the same time).

[nterval graphs are thus us=ful for analyzing cootdination problens within a single
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sysleim, such as scheduling netwotked compuleis, emplovess, ot citcuils. 1o They can ako
be nsed 1o sxamine patisrns of life course spells, which are tr=aied as timeint=tvals spent
in cetiain toles,

(FIGURE 3 ABOUT HERE]

An emample of a simple lifs history inteival graph is shown in Figore 3| in which
the patiein oftiss shown in Figure 2 is s==n 1o t=pizsent the ovetlaps belwesn spellsin
the lif= history chart of Figore 1. As the figurs indicates, ovetlapping intetvals ave tolss
hzld ai the same time. The thiee componsnis of the graph ais now iefeiied 1o as differ=nt
life epochs. This woman’s sducational spell, for instance, is unconnsci=d 1o any other
toles she holds laterin life: in the few yveais afier she graduates, literally evety domainin
het lif= changes. Then again, almost thitly veais laletr, she is wotking with colleagues
and living with a pariner who did not know her when she was martied, or working pant-
time, ot when het children were still living at hone. In between those two epochs s a
latge  connscied lifs spoch in which some part of het lifs always stays Lthe same, sven
when othet pails changs. A lack of connection betwesn spells doss not necessatily
indicale that eatlier spells have no influs=nces on lat=t spells: =.g., an educational degres
should still influsnce later wotk sxpetisnces, sven when those spells do not ovetlap.
However, connecledness inthe form of lite spochs islikely implicated in the continuity
land discontinuily | of many aspecis of peoples lives, such as geographic mobility,
stability of social netwotks, and identity transitions.! Similatly, life epochs may indicate
petiods where mulliples voles buffer the stizss of iol= transitions in other domains.

In a lifs contse graph, degres centrality indicates the numberoftiss toother
spells. In this example, the thiee spells that have the highest centrality are also, not

sutptisingly, 1the longest spells: the firsl matital spell and the two child spells. The
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patinet and each child ovetlap with sach other and with threes job spells =ach, Fm'ming an
epach which links all but the last of the woman's jobs. The pati-time job has the highsst
degize centialily of the jobs, as itis held whilz all thiee alizis atz living with the subject,
whet=as she & living only with het fitst husband during het fivst full -time job, and only
with het youngest child during het fouith full -time job. These two jobs, although they
ate inthe same epoch, have the lowest closeness: they ate linked 1o othet spells in this
worman's lifs mote temoisly than the middle thres jobs. At the graph orcomponsnt level,
the diam=ier and the mean geodesic distance similatly indicale the exient to which spells
are linked 1ogether.

The graph indices desciibed so far weie developed primatily with social netwoiks
in mind. Presumably, applving graph theotstic techniques 1o a new problem, suchas life
coutss analysis,should sncontage development of =vised or new indices specificall y
approptiale o the lopic. As a casein point, while the aciots inthe socogam wete
treaied as squivalent vetlices, the spells here vepresent diffsren 1y pes of sxpeti=nces. As
such, the substantive meaning of an ovetlap depends upon the spells invelved.
Futthetimotre, ovetlaps belween cetlain spells are expecied 1o be common ie.g., ovetlaps
bet ween child co-tesidence spells| whils others may be impossible by definition (=.g..
ovetlaps belween legal mardages). Ln this vein, we inttoducs tweo additional 1ypes of
density, which ate based on block modeling 1echniques. ' Recall that density typically
tetels 1o the numbet of liss in a graph as a propottion of 1 he 1olal number of lies possibe,
given the iotal numbet of veilices. Defining density mois natiowly within a “block™
lirmits which kinds of ti=s av= included in this calcolation. By specifying cetiain spells as
belonging 1o the same block, ot domain, mtra-domeim density is calcolated as the

propotiich of ove tlaps between spells of the sam= domain l=.g.. ovetlapping pati-time
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jobs) 1o the number of possible ovetlaps igiven the tolal numbet of paii-tive phs).
Similatly, infer-domeiin density is the proportion of ovetlaps betwesn spells of differ=nt
deoimains 1o the number of possible ovetlaps. Thus, if twe graphs have the same number
of child spelk and job spelk. but the sscond graph has a highet child-job density, this
indicales that the second has mote overlaps between thess two 1ypes of spells. Both of
these densily measures ate valid only if snough of the relevant spells =xist 1o form at l=ast
one ovetlap (2.g., iwo job spells, or ol least one joband one child spal]).

As with any density measure, intta- and iMer-domain densily measutes assess
both the number of the typeis) of spellis) involved and the number of ovetlaps beiwesn
those spells. For example, one graph would have alowerintia-domain density for child
spells than anothet if il has the same mumber of child spells bul f=wet ovetlaps belwesn
them, ot alletnately, it it has the same number of ovetlaps bul mots child spells. As soch,
densily should be assessed in tandem with othetindicss (such as number of spells of zach
typel o faciliate int=rpretation. Intta-domain densily is sxpecied o differ by dotmain
types. Assiblings 1end tolive with zach othet, childien spells ofien overlap, whils intia-
domain ovetlaps should be less common among fulHiime= Jobs, educational spells, and
matital spells. Low intta-child density or high intra-full-time job density thos indicats
unusual lite graphs.

(FIGURE + ABOUT HERE]

Teo illustrale the density measures, 1wo graphs ave shownin Figure 4 that have the
saime huinket n:ui:sprlhi with somewhat diffei=nt pali=its DFm':rlapE. Heie | the
diftet=noes ate due 1o the continued co-residence of thies children afier the dissclution of
the fitst maitiage in Giaph A, wheizas the thize child co-tzsidence spells in Graph B ai=

split between two martiages. Graph A has an inter-child density of 1.00and a maritak
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child density of 1.00: all possible ovetlaps betwesn child spels and betwesn child and
matital spells are obssived. In Graph B, only the fitst two child spells ovedap.fora
intei-child demsity of .33, and thetz are only thize matitabchild ovetlaps (of six possibe)
tor a marflal-child density of 50. Similar ditfer=nces are s==nin the scoves for intet-
domain density betwesn child and full-time job spells.

The telatiomship beiwesn cetlain types of intet-domain and intia-domain density
can be constrained by the substantive natote of the spell \ypes. Forinstance, note that
matital-full-time job densily is much lowet in both graphs (.30) than it would be ina
gtaph that had only one matital spell which sxtendsd from the beginning of the fivst spell
1o the end of the tie lins ((80). This is 1o be expecied for these lypes of spells. As bah
matital and full-time= job spells tend 1o exhibit low intta-domain densily, a second matial
spell is likely 1o ovedap with, at moest, ons of the jobs that ovetlap with the fitst matital
spell, reducing intet-domain densily considetably. If the fitst marital spell in Graph A
wete slable actoss thelife coutse, the same intet-domain density of 30 could anly be
oblained if theie were sight additional jobs prior 1o the matital spell. Ancther nolabls
point is that, as child co-residence spells ave likely 1o ovetl ap, stability -zl_:lmrriagcs that
ovetlap with the child spells will have liftl= =ffect on child-marital density for the parent
who retlains custedy of the childizn (as in Graph A) but can strongly affect it for the
patenl who do=s not (as in Graph B).

Once tesearcheis have constiucled graph-based indices of life couise patizins,
such as those mentioned hete, they can be used 1o describe and compate i ndividoals using
a wide range of standard analytic techniques. Sel=cisd illusitations of such applications

ate included later in this papet.
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Interstructural Analyses

A second family of analyses imvelves ditecily comparing graphs based on the
patistn of tiss they exhibit. At the most basic level, the disknce biwessn graphs is the
extent 1o which zach graph would have 1o bealiziad in ordet for the twe graphs 1o exhibit
the same pait=tn. The patticolar specification of the distance calculation, howsver, is by
no meams singulatly deteunined, and must be defined by the i=szaicheis based upon theit
substantive interests and assumplions. At this sady slage, only preliminary svidence
exists concstning the relaiive metits of specifications. Furthetmors . it is likely that the
appiopiialeness of specifications vatiss acicss tessaich questiomns.

Thi=e key specifications ave bristly discussed heve: what it me=ans for twe graphs
1o exhibil the “same” patiein (sxchangeahility, ot labeling, of verlices ), what values
should be assigned 1o patticulat lies between spells;, and the measore used 1o assess
“mxieni of changs" choics of metric). We considersach of thess in tutn. Inthe special
cass ot uniquely labeled graphs, verlicss aie unique and cannot be exchanged for othetr
vetlices. This tequires sxact malches betwesn sels of paired verticss for sttuctores 1o be
comidered “the same™: for imtance, if v, and v_ exhibil a iz in the fitst graph, v, and v,
musl also exhibit a tie inthe second graph 1o comstitule a2 maich. Using labeled graphs is
usetul when compating diff=rent 1y pes of tiss within the same verlex set: for sxample,
assessing whether advice liss map enio fiiendship liss betwesn aclots in a single social
network, However, this is ofien inapproptiais when compating gtaphs definad on
different sets of verlicss, such as mulliple social netwotks, whete veilices on one graph
cannol be labeled such that they are equivalznt 1o specific veilices on the other,
Lnlabeled graphs — the opposite sxtreme — make no distinclion bel ween vertices,

allowing total exchangeabildy. Actots, while retaining their ties 1o other actows, may be
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teaitanged so thal the pttern of li=s imost closely tesembles that ofthe othet graph, with
“the same" patietn then refl=cting struciural 'Emmrphism.” Boiween these two
exitemes, in pattially labeled graphs, vettices are comsidered exchange able within butl not
between defined types: for exampls, managesrs may be sxchangsd with other managers,
bul notl withsecretaties. Conceptluoally, pattial labeling appeats 1o be the most appropriate
tor compating life conise graphs. This specitication allows peimutations of tie gioupings
within domains, such as switching the otder of two job spells sothat their ovetlaps with
othet spells more dosdy match the patiein of anothet graph, bul doss not allow
exchanges actoss domains.

Givena notion of what patiein allows two graphs 1o be comideied “the same,” we
now move 1o a considetation of how ties betweesn life elements ai= 1o be valued. The
mest basic value that ties betwesn verlices can lake is a dicholomousindicator of theit
exisience (presence ot abssnce). Hetz, the simple life history griph specification t=flecis
only whether paits of spells ovetlap. Compating lif= history graphs on this t=latively
simple dimemsion may be pieterable 1o moie delailed graphs. Giventhe greatl vatisly of
lit= couise pathways, elementlaty explessions of thos= pathways may be mote likely 1o
elicit indicaiors of commenality. However, additional complexity can be incorpotated by
associaling 2 value with sach iz which desciibes some chatacteiistic of the velationship
between iMetvals.

In priot wotk, we developed fout 1ypes of lie valuss for use with life history
inteival graphs ( Buits and Pixley 2001). The riw spell overlip is defined as the l=ngth of
titre the iwo spells ovetlap. Unless otherwise noted, the tetm "overlap graph” retets 1o
taw spell ovetlap calculations. The directionad overuiy & defined as the lenglth o flime

the two spells overlap iFihc}' ovetlap, ot the lengih of time s=pataling the two spells
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(expressed as a negalive value) if they do nol ovetlap. For 1|1:_frt.'r:]‘fm:|r..‘1' owveriue, sach
pait has one value defined as the propottion of the length of v, that ovetlaps with v and
ancther defined as the propottion ofthe length of v that ovetlaps with v, The frectiongl
Joint overdap is defined as iwics the ovetlap divided by the sum of the l=ngth of v, and the
l=ngth of vy

Finally, the choice of m=tiic det=timines how distanoss ai= calculatsd. I:_'rﬁ}' Veals
ago, Hamming (1950) intteduced a simpls mettic 1o compars sequences of
communications: the tolal numbet of places on one ssquence whete the paited sequence
did not exhibil a maich comifiuies the distance beiween sequences. While calculating
distances bel ween graphs is quite different fiom comparing sequences, the 1erm
Hemming distemce is still used 1o 1efer o this count metric. In intetstiuctoral
compatisons, Hamming distancs is the tolal number of ties that woul have 1o be changed
in the gtaphs lo produce maiching graphs (undet the definition of "maiching” considei=d
above). Oiher mettics ass=ss not just whether points ot tiss on two structuves diff=t, bot
the extzni of the diffetence. Assuch, they aie appropiiale for compating graphsspecified
with valued lies, such as rtaw ovetlap graphs. The mettic of absolute diffeienos argnably
requites the f=west assumptions, simply sumiming the abscl ule ditfferences between
matched ovetlaps to detetmine the distance between graphs. ™

Distances betwesn simpls lite history graphs ate sxpressad as the number of
ovetlaps that would have 1o be changed 1o make the graphs equivalent (note that this is
ttus whethet Hamiming ot absoluls distance is used becanse the ditfstences are expressed
as counts tathet than amounts ). Distances for taw ovetlap, divectional overlap,
tractional ovetlap, and fractional joinl oveilap graphs are expressed as the numberof

unils of time l=.g.. days, months) that would have 1o be changed 1o make the graphs
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equivaleni. MNeole that tie valuss do not eff=ciihe graph-level and veilex-level indicss
described above, such as density and centrality. e
Evalucting the Effects of Tie Vilues on Interstructural Distmce Mecisures

If an independ=nt s=1 of ciit=tia for deletmining diff=iences between lifs conise
patistns sxisted, we could use i1 1o assess the telative accutacy of t=pr=senting gtaphs
using ditfet=nt iz valus specifications. The tepiesentation thal most clasely 1eproduced
the diff=r=nces describad by such crit=tia would be judged as most appropriale for uss in
lit= couise reseach. However,as a fizld, we have vel 1o define what are considered 1o be
meaningful distinclions bel wesn life coutse patieins with snough predsion io produce
such critetia. Furthetmors, lifs coutss tessarchets may not agi== on such judgements,
patticulatly in the initial rounds of such an altempt. N is simpe 1o lock atthize lit=
history gtaphs and desciibe the ways in which they differ. Howsver, it is t=latively
difficult 1o detzimine whether the ovetall difference between peison A and peison B is,
say, al least iwice that of the diffei=ncs bet wesn petson A and petson C, as this requites
establishing which diffsrences 1o weight mote heavily than othets. Although descriptive,
cass- by-case assessmentis oflen peifounsd in small, in -depth studiss, an objective and
comsistent ctitetia is requited if we are 1o compars largs numbers of lifs coutse pattstns.

As an initial step toward assessing whether the distance measures prodoced heve
maich ptiot tessatch and out infoitive undetstandings of diffeience, twelve lifs couiss
grtaphs wets created that vepressnt substantively ditfersnt groupings and ordetings of
spells. Descriplions of thess protolypes aiz offeied in Tabz 1. We calculated
interstruciutal distances using simple life history graphs as well as graphs with valus=d
lizs, including ovetlaps, ditectional ovetlaps, fractional ovetlaps, and fractional joint

ovetlaps. Clusiet analysis using these distances produced theotetically coherent gioups:
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clusi=is based on simple life histoty graph distances at= shown in Table 1. Most tis
valoes exhibited similar resulis, althongh directional ovetlap graphs showed a somewhat
l=ss intuitive clusiziing of cases. Pair distances cakulated using simpl= lift= histoty
graphs cottelated with those calculated for fractional and joint fractional ovetlaps a1 98
and 96, respeciively, ovetlaps al (83, and ditectional ovetlaps al .78, A ptinci pal
componenl analysis indicates that ninely petcent of the vardance in pait distances is
accounied for by the fitst component, onio which all five measures load almost squally
i.+2 12 .47). This suggesis that, withthe possible excsplion of the ditecticnal ovetlap
graph, the mote complicaied distance me=asutes using valued tiss do nol produce
substantially mote information than using the simple lifs history graph. Although meois
thotongh testing & wattanied, the ditectional ovetlap graph appeats 1o be priottizing
diff=tent, non-intuitive diffstences and similatiti=s beiwesn graphs. Based on thess
analyses, distances using the simple lif= history graph ate judged. at least preliminarily, 1o
be most approptiate. Howsver, we sxpeciinfetences bassd on distancs struciures 1o be
reasonably tobust 1o choice of graph epiessntation.

iITABLE 1 ABOUT HERE]

Using a methad that focuses on ovetlaps betwesn spells, of conrss, alv=ady
assumes that ceilain diffeiznces belween life coutse patieins aiz moue relevant than
othets for the associated analysis. Clusists of the sample “lives™ illusttats these
assumplions (sez Table 1). The primaty diffetences bet ween clusieis centler avound the
Lvpes n.'_'d:spclh each gronp has (of doss not have) and their ovetlaps; liming, length, and
numbet of spelk have less impact. Some graphs wets designed with family transitions in
their eatly twenties, while othets have relatively delaved enty inlo martiage and

patenting ol wi ng longetr educational spells and “isolate™ jobs. This 1ype of timi n
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effect is somewhat moted when it produces periods of isolales: jobs that ovetlap with no

olher spells look the same as educational spells with noovetlaps. However, graphs with

petiods of isclalz spells ditfer fiom other graphs 1o the extent that the othet gia phs exhibit
ovetlaps that they do not.

Hete, the thiee ptotot ypical graphs with part-lime jobs overlapping with child
spells are grouped together (Closter 1), as ate the thiee giaphs with ho child spells,
including on= with a pati-time job (Cluster 2, sven though number of jobs and whethet
the fitst maitiage ended vaiies. Twoof the thizs graphs which include a second marital
spell ave groupad together (Cluster 31, whils for the thitd, the pr=sencs of ovetlaps
between patl-lime jobs and child spells (duting the first matit al spell) appeats 1o pull it
into the fitst group. The final clusi=t contains four graphs including children during a
single matilal spell and full-time jobspells acioss mest of the lifs courss although timing
of family ttansitions diffeis, 1the maitiage =nds iniwo graphs, and one graph includes
“isolale”™ (non-ovetlapping) exdended education spells. On the whole, these distindlions
make inluilive sense, suggesting the utility of distances calculated using the simple lifs
histoty graph. However, befoi= an v sltong claims could be made favoii ng onhe
specification over the othets, further t=sting is wartanied, preferably utilizing sxogenous

ctitetia for sxpecied ditffeiznoss betwesn corlain graphs.

[LLUSTRATION OF THE INTERVAL GRAPH APPFROACH

Sample

We use data fiom 1,532 upstals New Yotk tesidenis who completsd t=lephons
interviews inthe Cotnell Community Stody (CCS) 1o illusitale the analyses associated

with the imerval graph approach. The CCS used a housshold Isting sample 1o locate
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households in selected New Yotk Census ttacts.” Mattied and cohahiting couples wete
eligible if a1 least ons member was wotking at the time of theint=tview, and single
individuals undet the age of thitly werseligiblzif they weiz woiking oron fanily l=ave.
The sample includes 1,260 couples in which both patinets were intetviewed, 235
patinered individoals whose parinets wete nol intetviewed, and 17 single individuals.
The sample is divided evenly by gender. Mosi patinered individuals (95%) are mattied.
Ages tangs fiom 21 10 79 yeats, with an avetage age for men of 46 yeats and for wamen
of 4++ vears. The majotity (30%) have had or lived with at lzast one child (including
biological and non-biclogical children); parents avetage beiween two and three children

i =2.6,5.d, 1.2). Most men (87%) ate wotking full-time (35 houis pet wesk ot meie],

=

while a small propotiion are woilking pati-lime (+%) ot not al all (9%). Justover half of
wotnen (33%) ave wotking full-time, with the othet half svenly divided between thoss
wotking pati-time (24% ) and those nol wotking for pay (23%). Consisient with the
middle-class neighborhoods sampled , incomes are high relative 1o national avetages: the
median annual income for working men is £51,500 iz =6+.238; s.d., 53,655) and fou
working woimen & F2B000 (% =30.939:5d..21.302). The sample i relatively highly
educated: the highesi degres tepotied is 2 bachelor’s degres for ons-thitd (35%) and an
advanced degres (primaily masizt’s degiess | for ons-fifth (20% ) of the sampls (no
gender diff=tence].

Retios peclive life history information was gathered in a seties of stiuclured
questions toi the Fclln:-wing domains: emplovimeni, educalion, matitlal/cohabiting
t=lationship, childi=n, and housshold members. This analysis focuses on the first four
deomains. Employment spells ave sepataled inlo those invelving full -ime employvment

(35 houts per week ot mote] ot pari-lime smploviment. Under edocation, all repotied
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spells are used, whethet o not a degies was teceived, including shotl educational spells
such as cetlification programs. As the majority of telationships teporied imvolve legal
mattiage, the tztm "matital” will be used to t=tet 1o all telationship spells. Spelk
invalving children refer 1o co-tesidence with biclogical children and any non-bislogical
children wheo lived with the tespondenl for al lzast six momhs. Childien in this sampls
have between ohe nndfcul'scpu tale spells of livi ng with the tespondent , including
relatively tare instances of adult children rslutning home.

As indicated above, we will hete demenstrate twe tamiliss of analyses facilital=d
by the int=tval graph approach. Fitst, pasimenious sumimarty indicss of graph-level
characietistics are produced. Thess indices can be used with standard descriptive o
compatalive analylical methods, such as regression. Second, intetsitucinil distances
between sach pair of gtaphs ave calcolated. The t=sulling distancs matiix can be used in
numetons ways, including MDS (mullidine nsional scaling), analyses of distancs
between and within groups or dyads, and division of subjecisinio clusi=rs. Weillusitats

examples of zach family of analysis below, beginning with descriplive analyses.

Grruph-Level Characteri stics

Ln this section, we present grtaph-level indices in telation 1o {wo impotiant
detetminants of lifs contse expetiences: age and gender. Fist, for any group that differs
in age, life contse patizins should be affecied by the expeosure effect of the passage of
tire. Oldet individuals have had meote fime with which to accumolates fe courss spells
and, presumably, 1o have ovetlaps beiwesn those spells. The cotizlation cosfficients for
the relationships between age and the gtaph-level indices produced using the CCS data

are shown in Table 2. Age is seen 1o be positively relaled 1o number DFEF:I Is and
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nuinbet cFm':L'IaFE, as expecied. Howewet, bioken down inlo 1ype D‘FEFI:”, the
telationship is only substantive for child spelk (r=39) and, 1o a lesser sxt=m, for full-
time jobs (r = .24). Although age is not related to number of spochs, i is positively (it
weakly, al r= 20) t=lai=d 1o median number of spells within spoch and diamester. Thoss
in later midlife and beyond have had mote time 1o amass laiget groups of connescl=d
spells, leading 1o grealer average dislances betwesn satlier and laier spells. Median
degree is ako positively cotrelaled with age, indicating that older respondents’ spells
genetally have mote ovetlaps 1o othet spells than do theoss of vounger iespondents
(although note that age is nol related 1o density).

ITABLE 2 ABOUT HERE]

Agre is also negatively telaled 1o the densily of ovetlaps between child co-
tesidence spells| indicating that older respondents are likely 1o have adultichildren move
back home afier the other children have lefi, or 1o live with additional children afiet theit
old=t chidren moved oul. The lati=r suggesis sither familiss with latge numbers of
childien whe ate ielatively widely spaced, ot “second” families begun with (ot alizady
slaiied byj a laiet spouse. (Moie thal age also has a small but significant cotiz=lation with
numbet of spouses. |

Similatly, age is negatively cotizlaied 1o density of ovetlips bel ween pait-time
jobs and education, although ages doss not substantially increase the predicied number of
cither 1ype of spell. As educational spells t=nd 1o be concentiated in eaily adulthood,
vouhget tespondents who wotked pani-1ime duting college would have a telatively high
inter-spell density, whereas older respondents who may have had pari-tine jobs in mid-
lit= or afizt i=litement should have relatively fzwer overlaps.

ITABLE 3 ABEOUT HERE)



Intetval Graph Apptoach, page 24

A plausible critetion for any sel of measures designed 1o desciibe lite coutss
patistns is that they capture known gender diffstences. Graph-level indices for men and
wotnen in this sample ate shownin Table 3. Men averageslightly more spells than
wornen (11 versus 10) and more ovetlaps beiwesnthem. Graphs for both men and
wolrmen avetage betwesn two and thiee life epochs, with a median of five spells cach,
suggesling thal it may be commen for giaphs 1o have two spachs that contain about half
the iotal spells =ach. The avetage density index is .37, MNote that the sxample lits history
gtaph used zatliet (Figures 1-3) has a density of .25, ancthet seven oveilaps would be
nesded 1o raise the demsily 1o the avetage indicaled in this sample. The median degree, or
numbet of othet spelk cach spell ovetlaps, is samewhat highetr, on avetage, for men than
foir woinen (3.30 veisus 3.07). The im=an geodesic distance and the diameter (i.e., longest
geodesic | ars both longst for men than for wonen. ¥ Wormen exhikit slightly high=t
betweenness and closeness cenlialization, bul degiee centialization deoes not differ
sighiticantly by gendet: this may be dus 1o the s=nsitivity of the fitst {wo measures of
centalization 1o the numbet of epochs (o the lack of conneclions betwesn patis of the
graph).

The ovetall picture can be summatized thusly: men have somewhal moie spells
than women within the same time petiod, which natutally resulis in mote overlaps. Al
the same time, men's spells t2nd 1o have mote ovetlaps per spell (median degres) and
spells atz further away fiom sach other (e.g., diametet |, while theit graphs exhibit the
same ovetall density. This suggesis thal men, like women, may genetally have iwo ot
thvee primary lite epochs, bt have ahighsr density of ovetlaps within 2ach spoch, which
is allenuated by a thitd ot =ven fourth spoch thal conlains only ons ot iwe spells.

Women's epochs, by conttasi, seem 1o cover mote f=mpotal tettitory with fmwer links.
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This would be consisizni with one prolotypical pattestn in which wamen retain cusiody of
children in the sveni of matital disscl ution, and the longst childr=n co-residence spells
provide a link betwesn othetwise unconnecied jobs, educational spells, and velationships,
whet=as men are mote likely 1o have “bolate” spells of full-1ime jobs that do not ovetlap
with cther toles.

These standaid graph indices ate comsisient with g:ncl:rcﬁi:l::trnccs, bl imoie
detail can be gained by sxamining specific 1ypes of ovetlaps betwesn and within types of
spells. Comsideting that an individual’s childien {vpically live together, density within
child spelks is =xpecied 1o be quite high, which 1 is for both men and women. As men do
nol exhibit significantly meote child co-residence spells than women, their slightly lower
intei-domain densily may poinl 1o women's gizalet iendency 1o telain custedy of childien
at matital dissolution. When women have children with two diffsrent fathers fincluding
slep-childien), those children would tend to live together, whereas when men have
childr=n with two diffstem mothers, those childien ave unlikely 1o live togsther.

Men avetage mote full-time jobspells than women, while women avelags mote
pati-lime job spells than men. Men have ovetlaps between full-tim= Jobs mote ofi=n,
while women have ovetlaps beiwesn part-time jobs more ofien, but they do not differ
signiticanily in the demsity of thess overlaps, given the number of televant spells.

Differ=nces in the number of pati-time jobs and full-time jobs tef=ct wamen’s
gizalst propensily 1o work f£w ot no houts when they aie maitied, sspecially when they
have childten. Theintet-domain ovetlap and ovetlap density indices, measutes unique 1o
the im=tval graph approach, clatify the story further. Wen sxhibit mots ovetlaps beiwesn
tulMHime jobs and both sducational and family spells than do women, whils weoimen

exhibil mote ovetlaps between pari-time jobs and both educational and ‘El.l‘l'“_'!.' spelks.
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Futthetimote, men have a highet ovetap demsily between paii-time jobs and both full-
tine jobs and educational spells than do wonen, while wormen have a higherinter -
domain overlap density beiween paii-lime jobs and family spells than do men. 5o, zven
among men and women who have the same nurber of part-time jobs and the sane
numbet of family spells, more of the women"s pai-line jobs would ovetlap with family
spells, while mote ofthe men's patl-time jobs would ovetlap only with full-tifm= jobs ot
educational spells. The same & trus= for full-lime jobs: =ven f men and women have the
same numbet of full-time jobs and child spells, the propottion thal ovetlap appeais 1o
diffet substantially betwesn the iwo groups. That is, nen and women diffstr not only in
how likely they are 1o have wotked at full-time ot pail-time jobs al some point in theit
lives, bul ako in which othet toles they held wiiile they had those scheduoles.

On the whols, the number of spells and the 1ypes of ovetlaps av= consiste=nt with
the diff=rences in lif= couise patieins by gender thal we would sxpect tofind. Many lif=
coutse hypotheses could be 1ested wing these graph- level indices, particularly the
numbet and densily of spell ovetlaps, sither done ot combined with othet chamclziistics
of lifs couise svenls, such as ageal fiist maiid age ol fit=t biith, highes1 educational
attainmen, ot prestigs of first job.

A simple demonstroition

Once constitocied, graph-level indices can be used as any other descriptive
vatiables. Here, we illusitate this using regression. Given waomen's well -docomented
propemsily 1o teduce theit wotk houts when they have children, past ovedaps betwesn
child spells and job spells could help 1o sxplain cotrent income diffstences. Brisfly,
woimen who had full-lime jobs when they had childien may be selecied into this posilion

due 1o highet wage ot catest otismation, sither of which would imply highet satnings
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later. O ihe othet hand, we would not expect the same indicalois 1o distingnish among
tathers, as they tend 1o wotk full-tim= when they have children t=gardless of wags or
aliilude. For sither gender, ovetlaps belween full-lime jobs and child co-residencs could
indicate continuity of smployment, which should l=ad 1o greater average advancement.
Cvetlaps betwesn part-time jobs and child spells are notl expecied 1o have a clear
telationship with latet income, as the campatison group of thoss who did not woik pati-
tine during their child spellis) includes both those who did not work at all and those who

wotked full-time. These predictions atz tesied wing crdinaty lzast squares vegiession.
I TABELE 4 ABOUT HERE]

Preliminary analyses indicated that a tegression model pooling men and wormen,
including the 389 couples in which both spouses have camplete data, resulls in residu al
ettots with 2 small but significant cotrelation beiwesn spousss (r = .13, p=.01),
indicaling mild antocotielation. Thus, medsls weis tun for men and wormen sepatately.
Table 4 shows the unstandardized cosfficients for the OLS regression of income (lo gged)
on the standard predictots of wouk houts, education, and age. ™ These vatiables show
Eigm'ﬁcani co=ffici=nis in the expecied diteclion foi both me=n and woine=n. In addition,
graph-level chatacietistics wers tested for inclusion into the besi-fit model: thoss that
added 1o medel fit for ither gendet aie shown heie. Afler accounting for cutrent
education l=vel, nurber of sducational spells is negattvely pradictive of income tor
woimen. This is consistent with the notion that intettuptions in the educational career ave
associaled with lowet tales of teluins on subsequent educational attainment. Mumber of
pati-lime job spells held in the past is negatively prediciive of income, sven afier

accounting for cutrent work hours, bul only ameong nen. WNumbet of chid co-tesidencs
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spells are negalively related 1o ihoome for woinen, bul nol for in=n. As predicied,
numbet of ovetlaps betwesn full-time jobs and child co-residence spells has a positive
tzlationship for wormen, bul again, not for men. Although the eftect sizes of the ovetlap
indicaiot in this example are not large, this is nol too sutpising consideting the breadth
of othet influsneces, patticularly concutrent faciots, on income. Such izsulis are hopefully
suggeslive of similar reszaich questions thal could be addiessed using graph-level

indices.

Interstructural Comparisons

Mext, we demonstiale a substantially diffei=ntiype of analysis thatcan be
pettormed using the int=wval graph approach. Ini=isttuciural compatison invelves
cakulating the distance beiween interval giaphs, based on similatity of ovetlaps. as a
measute of how diffetznl lifs conise patietns ave fiom sach other. This produces an nxn
mattix of pait diffsr=nces that can be used in a varisty of ways. For instance, differsnces
within particular paits, such as husbands and wives ot siblings. can be examined. Groups,
such as wotking wormen and housewives, can be compared 1o detetmine whether
bet ween-group differences in life course patleins ate greatet than within -gioup
diffetenoss. Mulivaiiale analyses may be used 1o uncover cottzlales of distance among
othet measures of ime=rest. Finally, graphs can be clust=red based on distance 1oindicats
groups of people whese life course palieins aiz similar. We use the last methed 1o

illustraie the application of int=rstrucioral distances.

Cluster Ancil ysis

Clusters based on inlerstiocioral distance indicate groops Dfpccplc whose= lif=

coutse paiterns ave telatively similar 1o those of zach other and dissimilar 1o thess in
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othet clusteis. Inilial analyses peifotmed on the entive data s=1 indicaled that age was a
key factor in diffstemisting clustets. Howsver, this is propetly s==n as confounding,
tather than slucidating, life course patletns. Individuals can be on the same lite pathway
but fall into ditfer=nl clustets if some have tollowsd that pattetn tor forly years whils
otheis ate just beginning 1o establish thatl patiern. Such a classification thus undeunines
the goal of identifying peopls who exhikii diff=i=ni pati=ins duting the same petiods in
theit lives.

The analyses presenizd hete instead use palieims sxhibited within zach decade of
lit=. Each lif= graph is divided into pattetns occurting during the decades for which valid
data is available, including the twenties. thitties, fotties, and fifties.™ Then, distances
bet ween decade sub-graphs ate calculated and ol usters det=imined within each decade.
This allows for the fullsst uss of the data, while simolianscusly distingnishing age =ffecis
iz.g., what happened in the subjecis’ iwenliss | from coheoil effects (=.g., whether subjects
wete in theit twenties in the 19508 or the 1990s). For instance, substantially lat=r ages of
mattiage and child beating, patticulatly when associated with additional educational
spells, would suggest patletns of roles ovetlaps in the twenlies and possibly in the thitlies
that would diffsr fram the ealy family foumation patietn mote comumen in the 1950s and
1960s. If a largs cohotl effecl exisls, sone clustzis would be comprised primarily of
peoplk fiom oldet cohotls whils othets would overwhelmingly includs peopls from
younget cohotls. A gradual cohott change is mote likely, such that clusters contain some
people fioin evety cohotl, although cohotls may be mote ot less prevalen in cetlain
clust=ts. On the other hand. thers is a strong potential for gender diffstences. Given

wornen's telative propemsity 1o nol work outside the home or 1o wotk patt-time,
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patliculatly whentheit childien ate young, 1 is expecied thal some dusleis will consist
primatily of women whils othets may be predominanly male.

Anothet lifs coutse question that decade -based clusieis can slucidats is the
possibility of pathways through clust=ts. Do peopls in on= cluster distribuis svenly
actoss clustets in the next decade, ot do they dispropottionatzly end up togetherin the
same clusier again? Fotinstance, subecis who began their faimili=s in theit lales twenti=s
would likely be clusteted diff=t=nily in the twenti=s decade than those with satlier
patenting ttansilions; ithe obvious next question & whether they are clusteted similady in
their thitlies, since both gtoups will have child spells that span that decade.

As the put poss of this papet is broad inscope, the presentation of analylic tesulls
is necessatily constrained. Our primatily goals in this sectlion are 1o demonsirate that
intet-structured distances betwesn life graphs can be nsed 1o classify lifs course pati=ins
inlo meaningful clusizis and 1o suggest sone appications of this technique. Cluster
analysis of graphs can be pertorned vsing distances based on any s=1 of the specifications
discussed eatlier. Here, simple lifs histoty graphs aie contrasied under paitial labeling
using 1he Hamming met ric. ™

Five lo seven clusiets wers detetmined for sach of the decades. Thetre ar= only
medetals indicatois of cohoil effects, but theis are some i=ldively strong gendet
diftetenoes, which we discuss below. However, it is clear thal, intletns of lif= conrss
patietns, commonalties span both gender and cohoil boundaties.

ITABLE 5 ABOUT HERE]

Descriptive characietstics by decade cluster are shown in Table 5. I is important

io temembet that these arwe individoals® current chatacienistics, nol necessatily those they

possessed ovet the conrse of thal decad=. To some exti=nl, we can assumeihat
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individuals shared many of 1the saim= chataci=tistics al 1he time=, such as maiital statos,
numbet of children, and wotk status, ot they would not be clust=ied together. 11 would be
extremely difficult 1o presentfull information on individuals” charact stistics duting zach
petiod, as roles and the ovetlaps between those tol=s ofi=n changs over the coutss of a
decade. The age atfitsl mattiage and age at tirst bitth (or adoplion) of a child ave
included 1o give soime indication of status at thaitime. While using cutient

characi=tistics may complicats int=t pretation in some s=ns=s, il also facilitaies what is
atguably a mote challenging 1=s1 of hypothesized continuity in lifs course pathways: do
people who ate similar nowiend 1o have taken the sane pathway in the pust — sometines,
decades eatlier — 1o achieve the same situation?

Although a thorough descriplion of these clusizis is beyond the scope of this
papet, some brisf comments will hopefully iluminals some of the key ditfer=nces. Some
clusi=is contain mote membets from oldetr oohotls: specitically, 200, 300 and +0D.
Members of thess clust=ts have telatively low sducation, =atly mauwiages, =atly child-
bearing, and laige families (on average, four 1o five childien). They aiz more likely 1o
nol be wotking than 1 ypical, possibly due 1o tetivement, and average incoimes ate
modetate. Those who atre still wotking have modetate incomes for this sampl =

One clustet inevery decadeis dispropeottionaldy temals, whils at least onz is
dispropotiichately male, and these genetally map onio the classic breadwinnetr and
housewife toles. Clusteis 208, 30F, 40B, and 50D aie cach comprised primarily of
wormeh. Ln genetal, individuals inthese clusters martied and had childien faiil v eatly,
cuttenily have two or mote children, are relatively likely 1o be working pari-time or not at

all, and repott the lowest average earnings (among those who are currently waotking).
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Membeis of thess clusizis also tend tohave lowst educational altainment than avetage
tor this sample, patticulatly in the twentiss and fifies.

Clusters 204, 304 and 30E, 404 and 40C, and 504 and 50E ave predominant] v
male. Individuals in Clust=r 204 have a somewhat greater propensity 1o wotk folHime
and aboutl half have thize o mote childizn, but littk =l sz distingnishes them from
avetage. Ln all fout clust=is in the thifti=s and foiliss, thess individuals ai= highly likely
1o work fulktime. Those in Clust=ts 304 and 404 =pott the highest sarnings of any
clustet in those decades and ave faitly well-sducated, whils those in Clusizis 30E and
40C are more moderate on these dimensions. Clusters 504 and 50E do not differ as
substantially fiom other clusieis on income, probably dus 1o the greater number who ate
nol wotking ot wotking pati-time, presumably aft= i teti tmimen g fioin thed t“carest” job.
Clusters 304, 404 and 50E contain people with large familiss of thres childi=n ot mots,
wheteas the othet male-dominaied clusiets in those decades tend to exhibil iwo-child
tamili=s.

Cluster 20C suggests the pattein of delaying family while building ons"s careet.
Relative 1o otherclusiets, i1 conlains men and wotmen with high edocational atlainment,
high salaties, lat=r age aifitst martage and first bitth, and a propensity 1o have f=w or no
childien. Thi clusiet doss nol, as we might sxpect, include inctdinale propoitions of
peoplk fiom more tecent cohorls. However, members of this cluster who avs cottently in
their twenties and thirties ave dispropottionately likely 1o have only one ot no children
compaied 1o oldet membets. Whils il is possible thal many of the younget membeis will
add 1o their families in the fuilure, a lasting cohotl =ftect cannot be ruled ool. Clusters
30C and 40F t=samble 20C in tetms of family founation, although the income levels ais

not as high. Closter 40F also diffe1z in L=t of having Eu'rl}' loww msducational atlanment
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and a somewhal grealetr propensity than vsval 1o have mote than one mattiage. Closter
50C includes all individuals ofthal decade with no childi=n, bul is cthetwise modeiale,
bearing litile clear resemblance 1othe satlier low-children clustiers. It is plausible that the
absence of children diives the clusi=ting so sttongly , pethaps patticulatly in the old=t
cohott, that the algotithm gtoups people who vary greatly in oth er chatacietistics.

This palizin of similatitiss l=nds suppeil o the argunent that clusteting on
interstrociotal diffsrences beiwesn lifs conse graphs produces meaningful groops.
Given mois space, 2 motz thotough sxamination of the camposition of these clusiers
would be preferrad. In particular, moch of the tripatiiie telationship betwesn decads
clustets, cohotl, and cuttent (that is, eventvnall characterstics remains unexploted.

The nexl lesl assesses whethet duster membeiship foins patizins acioss d= cades.
If knowing individuak” cluster membetships in one decads t=veals nothing about their
cluster membeiships in the following decads, we should sez an sven distribution of
clust=ts” “surviving” membets actoss the clusists of the subssquent decads. For
example, one of every seven membeis (14%) of Clust=tr 20A would procesd tozach of
ithe s=ven clusieis in the thitlies, one -:ufn'cr}' six meimbeis (17%0 of Clust=tr 304 would
be found in =ach cluster in the fortiss, and so on. For ovetall pati=ins 1o be ssta blished,
the propoilion of membeis of one clusier proceeding 1o ancther must be gizater than
expecied by chanece. ™

(FIGURE 5 ABOUT HERE]

[ndeed, some stiong pathways emerge ficin thes= analvsis is=e Figure 5). In this
tepresemation, datk attows indicate that at l=ast twenly petcent of one clust=t’s
“surviving ' membets procesd 1o the same clustetin the subsequent decade (arrow style

indicales the prtopotlion). Grey attows indicaie the propottiion of m=mbers of mach clust=r
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who do not procesd 1o the subsequent decade. Sitong links betwesn clusters ate
especially svident betwesn the thittiss and toitiss decades. Each thittiss clust=r s=nds at
lzast fouly peicent of is membeis 1o a single cluster inthe forlies, and five of the seven
send mote than ssvenly petcen of theit members 1o ones ot two destination clust=rs. Ties
between the twentiss and thitlies clusleis ate not as strong; still, four of the five twenlics
clusti=is send mote than ﬁ'_'uri}' petoent of theit in=inbeis loon= ot twoclusteis. Similail v,
tour of the six fouties clusi=rs send mote than forty petcent of theit membets toons ot
two clustets in the fifliss. The ovetall paiiein suggesis both vatiabilily in the connections
between lif= patietns in the twenti=s and lif= patteins in the thittiss, an d continuity over
midlife, in which patizims estaHished in the thitliss t=nd 1o detetmine toles (and ovetlaps)
ovet 1he following decade as well. This is consistent with an undeistanding of the lit=
coutss in which timing, otdeting, and sven sxistence of family and car=er formation
transitions vary in satly adulthood, but the decisions made inthis petiod - such as
mattiages, chidi=n, and possibly long-tetm smplo yment — continue intlo later decades of
lif=.

Specific pathways thiough clusieis aiz anticipaied by the similatiti=s betwesn
clust=ts noted satlisr. The pathway 20B-30F—0B-500 cotres ponds 1o the four f=male-
dominated clusizis in which pani-time wotk, eatly chidbeating, and low education and
sarnings at= prevalen. The first thresclustets inth = similatly sttong pathway 200-30G-
+0D-50E dispropottionately represent the oldet cohotis, and are chatactetized by low
educalion, eatly fa il v fotmation, and large faimili=s. W=mbeis of Clust=r 20C ai= high
achisvers with later family formation, including many individuals with no children ot
only one child. The theme of ne ot few childizn continues through the pathway of 20C-

IOC—OF-30C, although income and edocation atlainment cease 1o be clear
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diffei= nlialing faciois. Although many members of thes= clust=is have some= childi=n, it
is notable that only iwo of the 151 individuals who have no children deviate from this
pattein. Cleatly, numbet of childizn is a ke y factor in classitving distances betwesn life
coutse graphs. Diagrams of lifs history chatls for sxamples of thess thies pathways,
drawn from the CCS, ave show in Figuies &a, 6b, and &c.

(IFIGURES 64, 6B, AND &C ABOUT HERE)

Other paths are nod as strongly patierned, bot ave still noleworthy. The seven
predominantly mals dustets partition into two tather oid pathways. Both begin with
Cluster 20A. Afisrwards, pottions of the pathway 204-30A—0A-50E 12nds 1o be taken
by me=n with highet education, very high earnings. and tather larger families, whils
potlions of the pathway 20A-30E—0C-50A aiz laken by mmen with modetaiz sducation
and =satnings and famili=s with two children. Howsver, thers is considetable bl==d inlo
and oul of these pathways, patliculatly in the fitst, high=t zarnings path. This & latgely
dus io cohot alirition, as mots than halfthe individuak in Clusier 404 do not procesd 1o
theit fiflies. On the other hand, the few men in this sampe whe aiz old znough 1o follow
the last thiee legs of this pathway did not stail in the saime place: of the=ight, none began
with Cluster 204 (five began with Cluster 20E insi=ad). A similar cohott relationship is
tound for the othet pathway, in which only one of the twenl y-thres mmen followed the
pathway 30E—0C-504A began with Cluster 204 (the majotily began with Cluster 20C
instzad). Most of the movement in and oul of these pathways invelves clusieis that aie
nol male-dominaled. Whete there is cioss-over between these two pathways, il is
decidedly uniditsctional. At both the ttamsitions from twentiss 10 thittiss and thitli=s 1o
toilies, over iwenly percent of men on the highst zarnings pathway “defect” 1o the

modetate sarnings pathway, butl only six and five petoend, tespectively, switch pathsin
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ithe othet diteclion. Ur:l:m‘lunaicl}', space considetalions consitan a mote thotough

examination of thess findings. Dlagrams of lifs history chaiis for sxamples of the

pathway 204 -30A—0A-50B and 20C-30E—0C-50A are shown in Figures &d and &e.
(IFIGURES 6D AND &6E ABOUT HERE)

While some of the pathways discussed here aie relatively sttongin tetns of
paited decade clusiets, il & impotiant 1o note that fowe individuals commplete a "p-:rl:cd"
prototypical pathway through all four decades. To a largs sxtent, their ability 1o do sois
hampered by age: l=ss than one-thitd of the sampls (31%) have a clusier membeiship for
the fifliss d=cads. Only iwenly women compleis the pattial protot ypical temale pathway
20B-30F—0E, and only four of thess women ate also found in 50D, along with anz man
who also compleles the full pathway. However, those twenlv-one people in 40B
tepresem 80% of the survivors fiom 20B-30F, and the five people in 50D tepressnt 38%
of the people suiviving afi=r thal point. This suggesis that a larget sample of older
individuals might substantiaie the sttenglh of these pathways. At the same time,
preliminary explotation of the fiequenciss of particular pathways indicales substantial
vatialion sven among thoss with valid data for ai lzast thies of the four decade clusieis.

Unforiunately, a full sxamination of thess findings and theit implications is beyond the

scope of this papet.

PROSPECTS

As we have shown, the interval graph approach 1o the tepressntation and analysis
of lit= hisloty data is uniquely suiled 1o addiessing a vatiely chucsiinns regatding the
life coutse. In conceplualizing the | ite coulse as a pati=tn Dfiniclscding ole=s, we draw

on key themes in life coutse tesearch, biinging fogethet the contextof concuient wles
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with 1the accumulat=d context of expetiences over lime (e.g., Elder 1995; Moen,
Dempster-MeClain, and Willians 1992, Moen and Wethingion 1999, Waldron, Weiss,
and Hughes 1998). Analyzing ovetlaps betwesnspells in adddion 1o corrent status and
numbet of past spells can add substantially 1o the undeistanding of ditfer=nt life couts=
expetisnces. Such a focus doss not preclude the inclusion of other indicators of life
coutse patlerns: liming measutes (e.g., age al bitth of fitst child) and sequenos Measules
i=.g.. time befors or after first martiage that the fitst full-time job was staried) can be
used 1o supplkment compatisons belween paiteins. Furthetmote, the approachis highly
adaplable 1o specific ressaich foci: a vatetly of ovetlap measures can be used, for any s=t
of toles, over tecent ot long- 1=t m time frames. Thus, it encontages asking questions that
pr=vicusly would have been ditficull ot impessible 1o answer.

Descriplive chatacististics of life course graphs can be nsed 1o addiess 2 wide
tange of lifs conise issuss. For inslance, 1o whal ext=nl do overlaps between family wol=s
and protessional vetsus nonprofessional jobs in the twenties and thittiss help sxplain lat=t
cccupational oculcomes? Doss the propettion of time in which child spells ovetlap with
patents” full-lime jpbs o pati-lime jobs have implications tor child ot paren well-being?
Which patt=rns of ovetlaps betwesn eldet cave spells, child cars spells, and work spells
atz ielaled 1o lowet stress levels for those giving and teceiving the care? Do propls with
long histoties of dens=ly connscisd vol=s display ditfer=ni sttategiss for negotiating theiv
mulliple toles than people who have only tecently taken on new 1oles? Is the reaction o
a loss of a vole affecied by the exient io which thatiols has lisd together a peizon’s lite
epach up o that point, ot by whethet it #nds that spoch? Doss the sepatation of lives inlo
disconnecied spochs have particular significance for people who ate struggling o lzave

behind abusive telationships, deviance careers, of substance addiclion? Framing
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questions in letis of ovetlap patieins is cleatly consisient with life conise teseaicheis’
tocus on context and muliipls woles over time.

The intzival graph approach also intteduces new ways of campating life courss
patistns in foto, by calculating intetstroctutal (ie., int=rpetsonal) distances betwesn lits
coutse graphs based eithet on numbet of ovetlaps ot lenglhs of ovetlaps. Inths papet,
we have illusitaled the use of thoss distancss 1o identity clusizis of paiizins within zach
decade of 1the lift= courss. This demonsttation hints at the potential wiility of 1his method.
COne possible application would begin with defeumining intetstroct ural distancesin laige,
tepreserative sanples. Mulltvariate analvses such as MDS and canonical cotrelation can
test the extent 1o which distance scotes fiom allzrnate model specifications map onlo
theotetically impoian dimensions of diffetence. Clusiet analyses would be a natutal
next step. four assumption of distinet types of life ttajecioties holds 1rue, and our
distance specifications accuralely medel thoss assumptions, key clusizis should
tepealedly emerge that represent those common pathways. Once established,
descriptions of 1these key clusteis could be used 1o classify individuals® life couise
patizins in smallet data s=is which include lifs histotry data but for which distancs scoies
and clust=r analysss would not be f=asible.

Othet applications might focus on predicting later life coutse paileins using zatly
indicatots. This is an sxi=nsion of identifving pathways through decadss by clustet, in
which we ask theextent to which individuals® later ovetlap pattetns can be predicted
using ovetlap patletnsin eatly adullthood. Altemately, distance scotes can be used 1o
assess within- and betwesn- group sffecis on differ=nces in lifs conise patiems. Fou
example, are the lifs histoties of femals professionals mote similar 1o thoss of fomale

nan-pmi:ﬁsicnals ot 1o thess of their mal= colleagues?
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In addition, the interval graph approachis well-suiled 1o the examination of
linked lives. A simple sxample of such an analysis involves compating spousss on
gtaph-level indices such as the numbet of ovetlaps betwesn jobs and child co-residence
spells. At theintetsttuctuial level, dyadic distances indicate how ditfstent spouses” lifs
patietns have been. Distances beiween spouses’ ovetap patterns may wveal much about
how ceilain Lypes of similatiliss and diffetences contribule iolalet culcomes such as
matital suppott ot conflict or dispatitiss in wives’ and husbands’ occupational attainment.
Differences may be indicative of couple’s stial=gies: spouses who tepotl non traditional
atiiludes should sxhibit mors similar lifs course patt=rns than thoss with traditional
aliiludes. Given the flexibility of the inteival graph approach, a reseaicher could includs
spells from both spouses in one giaph thal tepresents the “linked life contse™ of theit
telationship. This would produce within-spouss and between-spouse ovetlaps: nol only
between his pari-tine job and his educational spell, but also between his educational spell
and het full-time job.

In summaty, we atgue that the inteival giaph appicach o studying life course
patizins has greal potential for addressing a wide tange of lifs coutse questions.  The
telational nature of the associated t=chniques, otiginally developsd for int=tpetsonal
netwotks, l=nds itself well 1o the study of the lif= couise as an intiapersonal netweotk of
intersecting rolss across time. As such, we beli=ve it 1o be 2 us=tul addition 1o the current

repeiloite of methods.
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ENDMNOTES

! Fot instance, it is expecied that siochastic network models (such as the o* family of
loglinear models (Wasserman 1980, Wasserman and Weaver 1985)) will prove
applicabls 1o predicting lifs conse pati=ins (=.g., modeling probahilitiss of inter-domain
ovetlaps in t=ts of demogtaphic chatacististics and pricr sxpeiiences).

= Eatliet in the same discussion, Abbot explained: “A numbet of anthots have created
complex "svens” for theit sequences by cross-classifving a number of simples svents.
This & 1the only sttalegy available for dealing with mulliple, patalle] ttacks D’Escqucncc
infotmation in the OM [optime] matching] framewotk; it must be reduced somehow 1o
the unilinear strociure expecied by the OM algotithims. ... These vations combinatoric
codings of svenis crmats ssious complexdtiss in the s=iting of t=placsmen costs...”

(Abbotl and Tsay 2000: 9-10).

1t is also possible 1o construct spell-level indices, such as the centality of patticular
matilal spell vis-a-vis all othet spells in the graph (se= Buolls and Pixley 2001). Such
indices at= belizt suiled 1o in-depth case studies of individual lives thanio bioadst
compatisons betwesn life contss patlzins.

Nis impotiant, however, 1o lake inlo account the distiibutional properties of thes=
indices when deploving them;, see Andetson e al. (1999 for a discussion of thes= issues.

* The definition of strnctural distances for pattially labeled structores is © losely related 1o
the optimal maiching methods of ssquence analysis, the founsr can be r=garded as
resulling from the latier as applisd 1o the graph’s accessible permutation groop (Butls and
Catley, 2001).

® Mote precisely. the betwesnness centrality scote is moderated when multiple geodesics
exist betwesn paits of vetlicss, suchthal a vetiex on a tedundant path oblains a
betweenness scotz propotlionaly lowet depending upon how many othet paths of the
same (shottest) length exst.

" Fot example, while v_is linked 1o both v, and vy, theie & a direct [ and thus shotler) path
between v, and vy

® A slar formation, whete one aclotis fied 1o all othet actots, whoate fied only 1o the fiist
actot, has the highest scor= (1.0) for all thi=e 1ypes of centralizat ion.

* When a graph & disconnecied (when thete exist muliple components), indices based on
the distance bet ween poinis (e.g., mean geodesic distance, dianeter, and closeness) ate
nol welbdefined. A few approaches exist, none of which aie ideal. The choice made
hete is 1o assume, when iwo vetlices ate nol connecied by edges, that the distance
between them is the maximum possible, ot n-1. A heathy skeplicism about the utility of
these indices should thus be employed when vsed with disconnecied graphs.



Intetval Graph Apptoach, page 4+

" While the intetvals listed hete ate all tempotal.intetvals may conceivably be spatial as
well. For example, an imerval graph coold be used 1o describe 1the extent 1o which
companies sales regions ovetlap.

" While continuity often catties positive v alence, scholats imeresied in "carest”
pathways of substance abuse, mental illness, ot criminality should note thal epochs
tepteserl continuily in telalionships with people — patinets, children, and coworkers —
who may be contubuting 1o the behaviot of condition under study.

> In classical netwotk analysis, Hock medeling groups vertices (e.g.. people) based on a
ctitetion such as struciotal squivalence, allowing sxamination of tiss within Hocks and
bt ween diffei=nt blocks., Heis, spells within the same life doimain leg.. full- titme jobs,
ot children) are considered 1o be equivalznt.

= IManaging vetlex sxchangeability and addition of sp=lls so that both graphs have the
same number of =ach type of spell can be accamplished in a number of ways. Whils the
slatistical propeiliss of the primaty oplions have been detetmined, additional wetk is
being done 1o maich methods 1o theotetical bases for such decisions.

14 . . L. .. .
Fot example, meirics based on suns ot squates priotitize minmizing latget distances

ovel minimizing the equival=nt sum of smallet distances. By contrast, abscluts

diffete nos gives equal prictity 1o all distances and is mote robust 1o oullizis.

1 50, while Hamiming distance would count the numbcrafm'crlaps thatdid net maich,
absolule distance would produce the same scote by sumiming the diffri=nces of
unmaiched ovetlaps of “length” one and “length™ zeto.

1 is alsa possible 1o cr=ate indices that t=flect ti= valu=s. Forinstance, 2 genemalized
measure of degres centtality can be smployed that incotpotat=s not only the number of
ovetlaps with other spells, but also the amount of the ovedap. Sz Wasszunan and Faust
(1994 for some examples of stiucluial indices on valued graphs.

¥ Thess Cemsus tracts wete selecied based on their tepreseniation in an eatlisr study, also
conducied by the Cornell Employment and Family Carests Lnstitule, such that the mote
represemative houssholds in the CCS could be canpared 1o the select sample of highly-
educated, middle-class dual-sarner couples used in the fitst survey. Urban, suburban, and
seimi-touial ateas ave included.

" As poinied oul sarlier, the geodesic (or shotlest path between two vettices) is not well-
defined for graphs with mullipls components, in which some vetlex paits ars not
connsci=d. Forsuch graphs, the approach used heteis 1o define the geodesic betwesn
two unconnecied verlicss 1o be one hop greater than the longest possible path: that is, one
encompassing all vettices in the graph. Hence, for dsconnecizd graphs, the diameter (as
the longsst gmodesic) is definsd by the number of verticss.

¥ The telationship betwesn age and incame in this sample is neithet linear not quadratic;
age calegotiss provided the best fit 1o the data.
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- Graphs lot sub-graphs| with tewer than 1wo spells are by definition degenerale, and aie
omitled fiom these calcolations. Because of this, we ats missing a clust=r membeiship
land in one cass, iwo) for tweniy-thies prople. Tntihe {wenliss, thittiss, and fouti=s, this
gioup consists primatily of prople whe had ones full-time job, with ne marital, child, ov
educational spells duting that decade. In the fifliss clusiet, nins women and twe men are
mattied bul reporl no otherspells.

* Clustet analyses pizsenied here weie peiformed using Waid s methed . This alg ctithm
was judged 1o produce clusieis most consistent with a visual inspection of MDS
(muoltidimensional scaling) plots. Similar tesulis are oblained using otherclustering
algotihns.

= Analernate approach might foc s on the size of the destination clusteis, atgning that
we would sxpect larget propotiions of soutce cluststs 1o procesd 1o largsr clusiers. Fou
instance, if fily perosnl of individuaks in their forliss wers found in a cettain cluste=t, it
should net be sutprising if avound half of zach cluster in the thitlies led to this clustet.
This appioach begs the question: the teason the hypothetical foiliss cluster is so large is
becciuse such a latge propottion of many smaller clust=rs all l=d 1o i1, and cettainly such a
resull would indicate a clzar pathway effecl. In any case, membeiship inclustzis in the
thitties, foulies, or fiflies are tzlatively evenly disttibuted. The largest cluster in the
thitti=s has 22% of the age group (versus an sstimated 14% =sach).the lagesicluster in
the foiti=s has 21% of the age gioup (veisus an eslimaled 16% each), and the largest
clustet in the fifliss has 24% of the age gioup (versus an estimaled 20% cach ). Readers
who prefer the allernate argument shoold thos ignovs any pathways matked as being in
the 20%-29% range.
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Table L. Descriplions of Hypothetical Life Hisiory Examples

Worksd
Marital with  Edune.
MWarr.  Div. "['iminEL Children PT jobs FT jobs childien spells

Claesrer

Inizrmittani working p::n[enl: 1 Q early 2 3 2 PT 0
Intermittent working deloyer pare i 1 Q Izt 2 3 2 PT 2
Intarmitlent working e rie:l]:mentz 2 1 enly 2 2 E| PT+FT 0
I'__'.i'arﬂfr 2

Muhiple rlationship delayer nonparent E| E| Izt Q & - 1
Muliple slationship delayer nonparent w/FT work 3 3 ot 0 2 5 - 1
Stendy working delayer nonparent 1 Q Izt Q Q 3 --- 1
Claister 3

Working remarried dalsyer parant 2 1 Izt 2 1 5 FT 2
Warking deloyer with sscond family 2 1 Izt E 1 5 FT 2
Cluster 4

Marmied working parzni 1 4] enly 2 & FT a
Marmied working debyer paeni 1 Q Izt 2 1 5 FT 1
Single working parznt 1 1 ently 2 1 5 FT 0
Single working parent with lader edueation 1 1 ently 2 Q 4 FT 2

Hode: Distainee between members within clusiers indicales groups thal splinterad inthe nexi level of clusisring,.
¢ Forpamenis, the fisst child followed within two yeas of firsl mamiage.
* Intemitient working paten have pariods of noi working during their child spells.



Tabla 2. Corme lxtion beiwsen Age and Life Hetory Graph Indices

r i il r i il
Sreemclernd Grengle felices Purra-clomuiln ove rkip densin
HWumber of spell 39 <0001 1531 FTemplyment -02 0 4154 1371
Humber of ovearlaps 39 =31 1532 PTemplymant -0 l13s 256
Humber of epochs -4 1320 1532 Magial e liEe 313
Meadizn spells par epach 20 <0301 1532 Edoextion LRE R N N E|
Diansity a1 &0T3 0 1532 Childeen -32 =030l 1202
Medizan dagrea 26 <0001 1532
Drizrneter 20 <0001 1531 Buer-domn overlay dersing’
Mean gaodezic distanes o7 o3 1531 FTand PT employment  -02 0407 844
Diegres Centmlization o9 0003 1532 FT and Mariial 04 1236 1503
Betwaanness Cantmlization o8 @010 1532 FTand Ednestion -02 4530 1234
Cloganess Cantmlization ar o 8s49T 1532 FT and Childeen oL Toe2g 1384
PT znd Mariial A1 3054 6853
MNieber of spells of ecic ke D PTand Educadion S20 <0001 556
FT employment 24 <000l 1531 PT and Childizn -0 0190 &0l
PT employmment o4 07T 1532 MWariial sand Edueation AL =000] (233
arital A3 =001 1532 Wariial and Children L1 =000l 1330
Eduenition o8 @01l 1532 Edweation and Childeen 02 4130 1164
Children' 39 =000l 1532

Somrce: Comell Comomn iy Etu:l]r' (1999-20000; 1,515 marmiad and ﬁaingle men and woman in npEia
s Ol e D5+ =10

" Children spells refar io pericds of co-esidance, and includs biclogical and non-biclogical children.
zl:::r'.'e:Inp denzily iz only meaningful for cxsez with twoor more spellzin the same calegory, other casss
:'l:me:Inp denzity iz only meaningful for cases with @i lessi one spell of ench 1ype; other casss are missi
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Table 4. Regression of Inoome (Logged) on Sandard Predicios and Smph-Level Indices.

Wornan Wan
b 52 i b ga ]
Intencept 26538 419 < 0001 QA0 1312 < 0001
Bachelor's deges 199] 6] 020 J2Tas 0523 < 0001
Advanced degres BE03 1595 < 0001 JEEA ] do14 = 0001
Work hours 0243 022 < 0001 115 o017 = 0001
Ags 30-39 2393 218 ded J2AL0 A142 224
Ags 4049 547 1206 R NER) .3oa) A127 L0004
Ags 50-59 3347 Jl2ea 00ad 047 LTS 0100
Ags 60 ond oldar A505 1722 R | 1224 1357 674
HWumber of part-lime jobspelk -0332 22 ALT2 - 1456 0320 = 0001
HWumber of child spells L1059 302 005 -0 0236 SSE9g
Humber of educational spells - D9G3 250 O00] -0144 o211 4945
Fullime job--child averlaps o2an 0TS o002 A0S 0052 2152
it} 5348 TO5
R’ H 25
Adjustad R* ER 24
F valu= 4054 = 0001 2093 <0001
Siandard error &5 B0

Sommce: Comall Community Study ¢ 199920005,



Table 5. Currenl Chamclernstics of Membex of Chgies in Each Previons Decade of Lifa

Total CLUSA CLUSE CLUSC CLUSD CJLUSE CLUSFEF CLUSG

Thwenlics
it}

age 20-29
age 30-39
age 4039
age 50-59
G0 or oldar

Fermls

Singla

Marriad

Cohabiting

Cinly one ralationship

Aga ol fiml cohab'marringe

College degres
Advoinced dagee

Income

Mot working
Pari-iimea
Full-iimme

Aga ol fimst child
MWochildrzn

Cina child
Twochildezn
Thize or moe

Thirtks

it}

age 30-39
age 4039
age 50-59
G0 or oldar

Fermla

Married (v. cohabiting)
Only one ralationship

Aga ol it cohab/marrings

College degrras
Advanced degres

Income

Mo working
Par-ima
Full-time

Ags ol first child
MWochildzn

Cina child
Twochildren
Thize or moe

1527
%
2650
3T
213%k
%

500
1%
039h
%
Ta%
144

15%
2%
49,353
1650
1490

70
100
12%

3%

1443
L
31990
25%

500
Q5%

4.4

159%
20
50,416
1690
1490

7l

12%
3190

172

2%,
23%
3%,
265
11%

26%
1%
95%
1%

Ti%
a3

13%
15%
32,234
1%
1%

33

5l%

173
2%
5%
25%

23%

25%
2.6

20
54,671

1%
91%

253

100%

131
1%
2850
6%
25%
T

Te%
o
Q5%
%
3%
23

il%
12%
$33,541
20
20
(]

243
i
i

55%

15%

244
2%
7%
23%

59

225
232

1%
12%
$51,006
IR

285
1%
1%

5T

1%

571
9%
26%
8%
210%
6%

S
2%
Q1%
g
T
4

3T
290
$35,159
13%
13%
T4%

£ N
260
194950
1%
13%

113
3%
15%
23%

T1%
266

31%
25%
$49230
15%%

Te%e

ile
31%
52%
12%

5%

130
2%
15%
3%
2%
17

5%
g
03%
2%
B
213

2%
13%
46,123
2%
13%

125
22%
%%
1%

2%

54%
97%
To%
242

3%
3%
52,032
15%
13%
T1%
72
g
1%
2%
15%

373
5%
il%
T
2125
gt

5090
1%
039
5%
To%
238

3%
L7
$49.542
|
L&
G

249
217%
45%
23%

&%

3%
Q5%
T5%
243

T
13%
F59,325
&%
%
e
Tl
o
1%
25%
13i%

176
0%
4%
24%

A%

Q3%
Q2%
Q0
17T

3%
L&
$25,514
13%
560
g
BT
g
g
560
H

153
13%
3%
2T
22%

3%

179

5%
15%
42,919
5%
15%
59%

139

100%




Tabla 5, continnad

Total CLUSA CLUSE CLUSC CLUSD CLUSE CLUSFE

Fortes

H 1054 142 192 213 129 129 124
age 4049 j4% 55% iT%e 4% 7% &% 5%
age 50-59 4% 2% 6% 9% 6% % I
&0 ar oldsar 12% 11% T% 4% 25% T% o
Farmla 3% 27% 2% 3% 9% 5% 15%
Marmriad (v, cohabiting) O 96% SEh QT Q3% 9T 299k
Only ons ralationship T 2T% A% TR T4% 2% 3%
Age ol fiml cohab/marringes 42 244 235 141 231 42 154
College degres 4% 43% 5% 5% 5% 2% 2%
Advanced degree 9% 24% 3% 1% 17 13% 24%
Income F52,852  FTOTIO FILALD FATOAS  F50253  $53.750  $54.308
Mot warking L6 T 13% 12% 21% 26% 15%
Pan-dime 4% 1% 5% 1% I 1% 9
Fulldirme T1% 9 4% 35% T1% T1% T
Age ol fimt child 17l 26.5 a7l 170 247 275 301
Hochilden % i i % i i 13%
Cine child 1% i 1% 1% i 1% 55%
Twachilden 0% 1% 5% 5% 1% A% 1%
Thize or o 454% 9T J6% 2% Q0% 2 T
Fiftles

H 474 L& 14l 1= Tl T

age 50-59 T4% Ti% Ti% T B &%

&0 ar oldsar 2% 28% 2T% 1% 13% il%

Farmla 1i% 24% 1% 15% T 1%

Marmiad (v. cohabiting) 9T a% Qi Q2 100 ST

Cinly one ralationship Ti% &% &% s gt 23% 21%

Age ol fiml cohabimarminge 140 248 231 13T 232 251

College degres 0% 1% 28% 1% 21% H%

Advanced degee 17% 1% 0% 2% 25% 11%

Income $51,358  F52,763  pe0SR5 41443 FI9TO6 55461

Mot warking 9% L& 4% 1% % 6%

Pan-iims 4% 1% % &% 55% 13i%

Full-iime G7% B 3% Ta% 15% Gl%

Age ol fimt child 265 285 263 133 258 R

Mo childen % i % 19% i %

Cine child 1% 1% 1% L& 10% %
Twachilden 5% 53% 6% 3% 41% %

Thize or moe 500 5% 2% 2% 4% TR

Sonrce: Comell Compmn iy Study (199920000, 1,515 mamied and 1 7 single men and women in upsixe Hew York.



