Current Population Reports Special Studies P23-186

Standardization and
Decomposition of Rates:
A User’s Manual

by Prithwis Das Gupta

U.S. Department of Commerce
Economics and Statistics Administration
BUREAU OF THE CENSUS



Acknowledgments

This report was prepared in the Population Division, under the general direction of J.
Gregory Robinson, Chief, Population Analysis and Evaluation Staff. Donald J.
Hernandez and Jorge del Pinal reviewed the draft of the report. Rheta D. Pemberton
typed the manuscript, and Tecora B. Jimason provided statistical assistance. Michael
J. Roebuck of the Demographic Statistical Methods Division conducted the statistical
review.

The staff of the Administrative and Publications Services Division, Walter C. Odom,
Chief, provided publication planning, design, composition, editorial review, and printing
planning and procurement. Linda H. Ambill edited and coordinated the publication;
Shirley A. Clark designed the cover.




Current Population Reports Special Studies

S S o

Standardization and
Decomposition of Rates:
A User’s Manual

- e TR e T T Baad - —_— B - B T o - AR

by Prithwis Das Gupta
ki
' Issued October 1993
)
OFQO"'

" f“{w s
: . X

&

Y U.S. Department of Commerce
3 Ronald H. Brown, Secretary

Economics and Statistics Administration
Paul A. London, Acting Under Secretary
for Economic Affairs

BUREAU OF THE CENSUS
Harry A. Scarr, Acting Director

P23-186



7N\

R 4

‘ %ﬂmmﬁ‘ﬁ

Economics and Statistics
Administration

Paul A. London, Acting Under Secretary
for Economic Affairs

BUREAU OF THE CENSUS
Harry A. Scarr, Acting Director

William P. Butz, Associate Director
for Demographic Programs

POPULATION DIVISION
Arthur J. Norton, Chief

SUGGESTED CITATION

Das Gupta, Prithwis, Standardization and Decomposition of Rates: A User’s Manual,
U.S. Bureau of the Census, Current Population Reports, Series P23-186,
U.S. Government Printing Office, Washington, DC, 1993.

For sale by Superintendent of Documents, U.S. Government Printing Office, Washington, DC 20402.




Contents

Page

Chapter 1.
101 £o e 1T o P 1

Chapter 2.
Rate as the Product Of FaCOrS ..c.ueetiiiiiiietiiteriueesriseinesnsissessnssssanenssesssnssnes 5
2.1 Introduction........... e ee e e et e ran e eanae e s raaetabraneaane e e aasneenvessaternnens 5
2.2 The Case Of TWO FACOMS ..vuuuuiiierireerersiieereserersonsensssaseeessassensssssoannsns 6
2.3 The Case Of Three FaClOrs ....cccceviiiiirieiiriiiirnnrreiereranessressnnneerionsannras 7
24 Tho Case Of FOUr FACIOMS .....uueeeeiiiiriiiireieieissivesessnnnsnsennnnrssssessesererens 9
25 The Case Of Five FaCIOIS .....vivviieiiririiiiiiiireisnenseneraraesesensirerererasanannns 11
. 26 The Case Of SIX FACIONS ..uviiiieerteiiiiatnrereassnsssetrersseresersssnesescsesnnnrsons 14
27 The Case Of P Fattors ...ccvvvririiiiitiiiiiriiieiiesesssisaraneneessearesceseriescesrens 15
28 The General Program .........cceeeviieriierennerienrensesnssaseecssiossesnnenssenneronnes 16

Chapter 3.
Rate as 8 FUNCHON Of FaCIONS ......iiiiriiiiiininneseurasnersestaeerrestisesererassenecnnnes 19
3.1 Infroduction ............coiiiiiiiiiiiiiiiia e ereraeeeaarriaeasereis e raaae 19
3.2 The Case of Two Factors ............... P 19
3.3 ThoCase of Three FattOrs ......ccvvviirrrerirrriseriireriteessneiessnssssanssnssenesnens 20
3.4 The Case Of FOUI FACIONS .......vvvvriieeieisrerssseneessssesessssossesssocsesensessenes 24
35 The Case Of FIVe FACIOrS .....cuveivereneriiiirieeerennrecerertrsarssnanssssressssssncnns 26
3.6 The Case Of SIX FACIOrS ...ccuvvviivrriiiiriirirerereenrircersesersesaresecsassesensennnns 27
3.7 ThoCase of P Factors .....vviereeririiiiierieieesesesssssesonresossansssssssesessenesnenns 32
3.8 The General Program .............ccovevvnnnns M eeeererresaateeriesttrarataaarienarees 32
3.9 Example 3.7 (Ten FaCIOrS) ......uvviiieererreiienesserrecinnersisssrnnencrresessaeesrrsnss 33

Chapter 4.
Rate as a FUNCHON Of VECIOr-FaCtors ..o.voiiiiiiiiiieeeinnsnetresesirarresesssrensasranns 37
4.1 g1 To [0 T (o R N 37
4.2 The Case of TWO VOCIOr-Factors .........vvivreeeerrvrrescrresiorserassesenssessosansnnee 37
4.3 The Case of Three Vector-Factors ..............cvcevveniiiiiiiiiiniiiiiviiiiiiinene, 42
4.4 The Case of FOUr Vactor-Factors .........uivieeeereesoreeresesresnesunneserssesenennnnes 44
45 The Case of Five VECtOr-Factors .......ccuvvveriiieiiiiiirirerscrsesessisereesensesennsns 46
468 The Case Of SiX VeCtOr-Faclors ........cuievveerereeniieiieieemeeenuvssssesensnseessssesen 49

4.7 P Vector-Factors and the General Program ............ccveiiiiiiieiiiieniieiiianen, 53




Chapter 5.

Rate from Cross-Classified DAta .........vvvivreeeirirriirneesecrsiessrsseseseraeenereeiaonanssss 55

5.1 10110 [§Te] 7o o T S 55
52 The Case 0f One Factor ...........ccevuiiiiiiiiiiiii i 55 ,
53 The Case of TWO FaCIOrS .......vvvvireerirciiseiieinsnsasssasasssesessconsssreresssnnnns 59 i
54 The Case Of TAree FaCtOrS .......ueerueeiniiiiiiiiiieierrerensersrereeresiesisssersocns 63

55  The Case oOf FOUr FaCIOrS .......ooueiiiireisiinesiianseeeiareiinsseessnssrsensescnasasans 70

58 The Case of Five Fattors .......vvveeiiriieiiiiiisiirernesaiiiasassessasssatesenneerssncss 75

B.7 The Case of SiXx FACIOrS .....ooviiiiiiiiiiiiiiiiiiii i iiiiiieeieiannnnennanteraaraassanss 79

58 TheCase of P Factors ......cvovviiiiiiiiiiiiiiiii i ciiiiiieieiseiannnnnnnernnannneness 82

5.9 The General Program ..........ccciiieieviiieireseriraieesriaterssssesesasssinriessnerens 9

Chapter 6.

Three or MOore POPUIALIONS .........vviiviiirirtiiirietsirsennnnseersesensneenrsscasennnseses 97 ;
6.1 INIOAUCHON ...oivininiie ittt et ee e e et e e r s iennaeaas .97 {'
6.2 The Case of Three Populations ...........cccvviveeiriiiiiieininernerssiancssiiaesinsaees 098

6.3 The Case of Four Populations .............ccvveviiiniiiiiiiiiiaensanesiinesciaennisaees 99

6.4 The Case of Five POpUIatioNS ...........ccievviiiiiriiiiieiiiirnnrsieineasainseasaees 104

6.5 The Combined Program .......c.cccevieiiiieiiiesrineireerareanerssessiseisnrissnsennsons 105

6.6 The General Case of N Populations (Including Time Series) ............ccccvvieiinanns 105

TABLES

21 Mean Earnings as the Product of Two Factors for Black Males and White Males,

18 Years and Over: United States, 1980 .......cccoiviieiienneneenrnrciermerersesnes 7
2.2  Standardization and Decomposition of Mean Earnings in Table 2.1 ................... 7
23 Crude Birth Rates as the Product of Three Factors: Austria and Chile, 1981 ......... 9
2.4 Standardization and Decomposition of Crude Birth Rates in Table 2.3 ................ 9
2.5 Percentage Having Nonmarital Live Births as the Product of Four Factors for White
Women Aged 15 to 19: United States, 1971 and 1979 .......cvvvivivivrririirieniens 11
2.6 Standardization and Decomposition of Percentages Having Nonmarltal Live Births
LTI o L= - G P 11 ]
2.7 Total Fertility Rate as the Product of Five Factors: South Korea, 1960 and 1970 . 14
2.8  Standardization and Decomposition of Total Fertility Rates in Table 2.7 ........ reees 14 4
3.1 Crude Rate of Natural Increase as a Function of Crude Birth Rate and Crude Death
Rate: United States, 1940 and 1960 ..........ccccevviiiiiiiineriiniiineiiiinnnenns 20
3.2 Standardization and Decomposition of Crude Rates of Natural Increase in
L= ¢ L= 2 P 20
3.3 lllegitimacy Ratio for Whites as a Function of Three Factors: United States, 1963
=T To 1 L O 22
3.4 Standardization and Decomposition of lllegitimacy Ratios in Table 3.3 ............... 22
3.5 Crude Birth Rate as a Function of Four Factors: Austria and Chile, 1981 ............ 25
3.6  Standardization and Decomposition of Crude Birth Rates in Table 3.5 ................ 25
3.7 Crude Birth Rate as a Function of Five Factors: Austria and Chile, 1981 ............. 27
3.8 Standardization and Decomposition of Crude Birth Rates in Table 3.7 ................ 27
3.9 Family Headship Rate for Mothers, 18 to 59 Years, as a Function of Six Factors:
United States, White, 1950 and 1980 .........c.cvvriivieieerenneniceisenersnsnnsssasns 30
3.10 Standardization and Decomposition of Family Headship Rates in Table 3.9 .......... 30 :
3.11  Percentage Having Live Births as a Function of Six Factors, for White Women i
Aged 15 to 19: United States, 1971 and 1979 ........ccvviriiiinniiiiniineianarines 31

3.12 Standardization and Decomposition of Percentages Having Live Births in Table o1
£ R T P




3.13 Mean Parity of a Cohort as a Function of Ten Factors (Parity Progression Ratios),
' for White Women: United States, 1908 and 1933 Cohorts ............ccceevivanen. .. 34
3.14 Standardization and Decomposition of Mean Parities in Table 3.13 ................... 34

4.1 Female Intrinsic Growth Rate per Person as a Function of Two Vector-Factors:

United States, 1960 and 1965 ..........cccvviiiiiirinerieiiriiisrriiieresstrraennsss 39
4.2 Standardization and Decomposition of Female Intrinsic Growth Rates per Personin
L1+ L= 0 5 39
4.3 Index of Male-Female Occupat:onal Dissimilarity as a Function of Two
- Vector-Factors: United States, 1970 and 1980 (Partial Data) ..........cccccveiiinaces 42
4.4 Standardization and Decomposition of Indices of Male-Female Occupational
Dissimilarity in Table 4.3 .........ccoiiiiiiriiiiiiiiiciieiii st e raaaeeas 42
45 Crude Birth Rate per 1,000 as a Function of Three Vector-Factors: Taiwan, 1960
T2 T e < 4 T 43
46 Standardization and Decomposition of Crude Birth Rates in Table 4.5 ................ 43
4.7 lllegitimacy Ratio as a Function of Four Vector-Factors: United States, Whites,
1963 @NA 1983 ... .ciiiiiiiiieiiaiaiiecrerreiraseiatrssrarsisisssrasassrarssararnsss 46
4.8 Standardization and Decomposition of lllegitimacy Ratios in Table 4.7 ............... 46
4.9 Expectation of Life at Birth as a Function of Five Vector-Factors: United States,
White Males, 1940 and 1980 ..........coiiiiiiiiiiriiniiirtiiiiersisrcirssrsaraeaaes 48
4.10 Standardization and Decomposition of Expectations of Life at Birth in Table 4.9 .... 49
4.11 Expectation of Life at Birth as a Function of Six Vector-Factors: United States,
Total, 1962 and 1987 ....covvieiiiianieiriiiriesieesieiarisissterennsiscsanrssssaisanses 52
412 Standardization and Decomposition of Expectations of Life at Birth in Table 4.11 ... 53
5.1 Population Sizes (Percents) and Household Headship Rates per 100 by Age S
‘ . Groups: United States, 1970 and 1985 ............ccvevieiiiiiiiiniiiiinnesennees 56
5.2 Standardization and Decomposition of Household Headship Rates in Table 5.1 ..... 57
5.3 Population Size and Percent Desiring More Children (Rate) by Age Groups for
Parity 1 and Parity 4+ Women: 1970 National Fertility Survey ........................ 59
5.4 Standardization and Decomposition of Percents Desiring More Children in )
- 1oL -3 T P 59
6.5 Population (in thousands) and Death Rates (per 1,000 Population) by Age and
Race: United States, 1970 and 1985 ...........cccviiiiiiiiiiieiiiinninenciscanniaiees 61
8.6 Standardization and Decomposition of Crude Death Rates in Table 6.5 ........ S 61

5.7 Population Size (Percents) and Job Mobility Rates (Mean Number of Jobs Held) by
Migrant Status and Time Spent in the Labor Force: Phlladelphla and Los Angeles,

Men, 1940 10 1949 .. iiiiiiiiiiiiiiiiiiiiarriiess it eirenaananrrans veeaanes 62
6.8 Standardization and Decomposition of Job Mobility Rates inTable 5.7 .....c.cocuenn 63
5.9 Single Live Births and Neonatal Mortality Rates (per 1,000 Live Births), by Age of

Mother and Birth Weight: White and Non-White, 1960 ...........ccccvvviiinennniases 64
5.10 Standardization and Decomposition of Neonatal Mortality Rates in Table 5.9 ........ 65
5.11 Population and Household Headship Rates per 100 Persons, by Age, Sex, and
, Marital Status: United States, 1970 and 1980 ...........ccciiciiiiirirernninceanarses 67
6,12 Standardization and Decomposition of Household Headship Rates in Table 5 11 ... 68
5.13 Population and Mobility Rates per 100 Persons, by Age, Sex, Years of School

Completed, and Residence: United States, 1975-76 and 1986-87 ............... SR 4 |
5.14 Standardization and Decomposition of Mobility Rates in Table 5.13 .................. 73

6.15 Civilian Labor Force with Earnings in 1979 and Mean Annual Earnings, by
Occupation, Age, Education, Sex, and Work Status: Asian and Pacific Islander,

AN WHIte, 1980 ...iiiieriiiriiiiirensstrneertennerrrnsearroscstsssesrssasesrsannassnsins 76
‘ 5.16 Standardization and Decomposition of Mean Annual Earnings in Table 5.15 ......... 79
5.17 Wives 35 to 44 Years Old and Average Number of Children Ever Born (Rate) by

Family Income, Husband’s Education, Husband’s Occupation, Wife’s Labor Force
Status, Wife’s Age at Marriage, and Race: Wives High School 4 years and Wives
Not a High School Graduate, United States, 1970 ..........ccccvvviieiiiieeiiinaans .83




5.18 Standardization and Decomposition of Average Number of Children Ever Born in

L= 1oL L= TR I
6.1  Standardization and Decomposition of Average Number of Children Ever Born
Using 2 Populations at a TimMe ..........cceviiiiiiiiiiiiiiiiiiiiiiicic e
6.2 Standardization and Decomposition of Average Number of Children Ever Born
Using 3 Populations Simultaneously ........ccceevvivriiiiciieriniiciinisiairieeninanes
6.3 Standardization and Decomposition of Household Headship Rates Using 2
Populations at @ TIMe .......ccceiiiiiiiniiiiiiiiiiiiiiiiiii e a s eaens
6.4 Standardization and Decomposition of Household Headship Rates Using 4
Populations SimURANEOUSIY ......cccviiiiiiiiiinnioniaiairciieiserieitenesenssees
6.5 Standardization and Decomposition of Percents Desiring More Children Using 2
Populations at @ TIMe .......iviiiiiiviiiiiiiiiiarerereenaiesrerserscsnssssssssonsennnans
6.6 Standardization and Decomposition of Percents Desiring More Children Using 4
Populations SimURANEOUSIY ......c.civiiiiiiiiiiiiieiiiiiiciiinscistaarsseesnens
6.7 Standardization and Decomposition of Family Headship Rates Using 2 Populations
=L T 11 T PP
6.8  Standardization and Decomposition of Family Headship Rates Using 4 Populations
SIMURANBOUSIY .....coiiiiiiiiiiirirrirrerierrrraninceseeseracsasstesisenanseesesssrnans
6.9 Standardization and Decomposition of lllegitimacy Ratios Using 2 Populations at a
LI 1= PN
6.10 Standardization and Decomposition of lllegitimacy Ratios Using 5 Populations
SIMUIANEOUSIY ......eeiiiiiiiiiii v rerireres e irciannnenesaaesassrscersssnasanssrans
6.11 lllegitimacy Ratio as a Function of Four Vector-Factors: United States, Whites,
1963, 1968, 1973, 1978, and 1983 ........ccciinririiiriiiiiinriiiiiiesernsreiannncaes

6.12 Population and Birth Rates by Nine Age-Sex Groups: United States, 1940 to 1990 .
6.13 Crude Birth Rates and Crude Death Rates per 1,000 Population and the

Corresponding Adjusted (Standardized) Rates: United States, 1940 to 1990 .......
6.14 Population and Death Rates by 11 Age Groups: United States, 1940 to 1990 .......
6.15 Population and Census Undercount Rates by Race and Sex: United States, 50

States, and the District of Columbia, 1990 ......c.ciiviiiiiiirireerciiiisirnieiasiaenes
6.16 Crude Undercount Rates and the Corresponding Three Adjusted (Standardized)

Rates: United States, 50 States, and the District of Columbia, 1990 ................
EXAMPLES
2.1 TWO FACIONS ...iiiieitiiiiiiiieieeiennaiiseiseresassesesocsssssssnassesnenssarsssssosennes
R B o' (== =T (o | T
bR B L1V g o= T (o £ T
24  FIVO FaCIOrS . iiiviiiiiiiiiiiiinererensteanesnnasissresasnenssseraseseasssessarssssennnns
31 TWO FaCIOrS ...iiiieiiiiiieiiiietitniieieiearessnsesansssssnssesersssssssssnnsosserssnns
b 2 o1 (== - T (o
E T B o 13| gl -V (o - J
R I B 1V TN - Vo (o - 2 O
T 11 = T o £
R T ) - Vo (o ¢
L I 1= o T - Ve (o £
5 B e - Ter (o - TP
4.2  TWO FaCHOIS ...iiviiiiiiiiiiietiiiieiereeesrasensaseesesaannnnaersercesassssssserssanssren
E < I I == 3 =T o - P
T R o 111 g o e’ (o ] - Y
L Y BN - T o -2 R

T ) o Ve (o~ N




vii

X 51 OneFactor+Rate .....ccovvviiiiiiiiiiiiiiiiiicnii e PR . 56
. 52 OneFactor+ Rate ..........ccoviiiiiiiiiiiiiiiiiieiiiiaa it i aeas 57
i 53 TwWoOFactors + Rate ......ccccviiiiiiiiiiiiiiiiiiii i 60
B4 TWOFaCIOrS + Rate ....covviiiecieieniinncerrareiuneesesiianeariassnnsttnacinnrmserssnnes 62
| 55  TWOFactors + Rate .....ueevveiniviiieninirrnenenarnsnnens e eenere e eeieaen e 62
i 56 Three Factors + Rate ..........c.cviiiiiiiiiiiiiiiiniiniiiiii i erneaaanes 66
5.7 Four FActors + Rate .......cvveiiceiiiiiinereiaiannirieinsoneneensnsncesirmsnes Nerereens 70
! 58 FiveFactors + Rate .........coceiieiiiiiiincennnnnnns MrertetesesiatNenetaensies i nrrinnn 75
? 5.9 Six Factors + Rate .......... et e taeeeta e Eieaerasaas et et e aans 82
) 6.1 Three Populations ........c.eveiiiiiiiiiiriicieiiiiererrrreennrarsanassensnnenes FERPINTE 99
B.2 FOUr POPUIAtiONS ......cvcviiinieiiiiiiinetiiaaniaiiersercrnensinsssnnsssacnenmnenns cerens 101
r B.3 FOUr POPUIAIONS .. ..uueeeiiiineeeiirinine st tianaeessttasnanseraesantsessrnnnannnnrsss 102
6.4  FOUr POPUIAtIONS ....ooviiiiiiiiiiiiiiiiiiiieeeeeeriias s ssennnnaearerretnanenenrrsrsnsassans 102
» 8.5  Five POPUIAHONS ......uveeuiunieeniienirterenirtreateresstneannsreaeneeanaennsaansraases 105
6.6 Fifty~-one POPUIAtONS ....coovveiiiiiiiiiiiiiiieiiiieinnrrraesesresianaaa o enreeees 107
} 6.7 Fifty-one Populations ..........ccviiiiiiiiciiiiiiiiirr e e ereea 113
| 6.8  Fifty-two Populations .............ccveiiiiiiiiiiiiiiiiiininn, P e s 117
} PROGRAMS
J 2.1 FOUT FACIOMS 1vvvvinenierenrnenseineneneseenennenennnnens e raera e aaearas S 12
2.2  FIVE FACIONS ... vveiieiiireneeretstetreieeiarassreaennansstasaassarsnssssssssnssnssssnsaees 12
' 2.3  General Program for up to 10 Factors ........... e rreerireeenee. 18
} . 8.1 THree FaCtors ......eeveveinieerieinieneeerneeeennnss eeeerereererereraeanaares veeeen ... 23
},. 8.2 FOUr FACIOMS ...ceeuniiireiiiiniiiinienense i iitieeeci e rstaearesessesnsaensnnsararanes 20
‘ RS N o1V BN o T o £ PP P 28
] 84 SIXFACIONS ..euviiereneerniinerneeeneisnieneenerenseraeenaanaeens [T ... 28
J 41 TwoFactors ........ccceviiiniiiiiiiiiiiiinienne, e et eerreeraeaeaas 40
42 TwoFactors ..........ceevinvinnenns P P 40
g 4.3  THre FACIOrS .....cuueeiniunerenininnieeestenenannerartaeaensanensas FUTRTTITROT 45
44  FOUr FaCOrS .....c.ceverrmrenreerecrnreureereesinransesiasseronss R 45
' 45 FIVEO FACIOIS ......veeeeeeeeseveeeeesreesssseesssseassasseesasseeessseeesassesanseeesnnees 50
! 4.8  SIXFACIOIS .....coviriiieasireraaniiiaarrssscitctarrasesasstsersssinnseensssssnsaneran .... B0
] 51 OneFactor + RAte .....ccvvvvvriieiiiirererearsneisnresnnesannessessnsmsrnssnsersreniees 58
' 5.2 TWOFactOrs + Rale ....ociiiiiiiieiiiiieieiierniiiiineiaaiaaanancsessersrsenesssanssnsvnss 58
B3 ThreeFactors + Rate ........ccoviiiiiiiiiiiiiiiniiiiiiiiiiiiacisenciiincsasesaencsnenes 69
’ 5.4 FourFactors + Rate ..........coceviiiiiiiiii 74
, 55 Five Factors + Rat® ........ccueiiiiirnieciiiiiioieriasiestereiisasssieisecsssssersennianns 80
5.6 SIXFactors + Rate ......cvuiieiiriiiiiieneiisierrrestssiotsessassenseensieninssesssannes 89
. 8.7 General Program for up to Six Factors + Rate ...............cooveeees freesrearirenaas 94
' 6.1  More than TWO POPUIBLIONS ............coeeermuiiiiirnaieeriiie e 100
6.2 Combined Program for Example 8.5 ..........c.cocvviiiiiiiniiiinannnn... I 100
6.3 Time Series: Bith and Death Rates ...............cccoiiiviiiiiiiiciiiiiiinieianicccons 114
, 6.4 Census Undercount Rates for States .............ccoeeeviiiiiiinnnnn e 121
. FIGURES
1. Crude Birth Rates, and Age-Sex-Adjusted Birth Rates by Three Methods: United
States, 1940 10 1990 ........vviitniiiiiereterianniasissrersennassssssssraessnssarassenss 112
2. Crude Death Rates, and Age-Adjusted Death Rates by Three Methods: United

States, 1940 10 1990 ... .. iiiiiiii ittt ittt s re s i e aees 112



viii

APPENDIXES

Appendix A. Derivation and Summary of Formulas.............ceviiiirieiniiiiininii, A-1
A.1  Derivation of Formulas (3.18) through (3.20).........coiiriiiiermiiinriraiiriiinenanen. A-1
A.2 Three Factors With Interactions.............c.coooiiiiiiiiiiiiiiiiiiiinii A-1
A.3 Derivation of FOrmulas in (5.16)..........vvieeiiiciicrranannnreteciaienersarsennnnsrsires A-2
A.4  Derivation of Formulas (6.4) and (6.5) ......ccc.cvrierininnceeisiieisereereieiinnresies A-3
A.5  Derivation of Formulas (6.7) and (6.8) ......ccovvvrrvesirnnucerissiiisiearerrrinnerneies A-4
A6 Summary of Formulas in Chapter 2...........ccociieviiiiiiiiiiriiiariiiirerainerananss A-6
A7 Summary of Formulas in Chapter 3...........cciviiiriiiiiiiiiiiiiiiiicei i iiienanes A-6
A.8 Summary of Formulas in Chapter 4............cccooiiiiiiiiiiiiiiiiiiirii e A-7
A9 Summary of Formulas in Chapter 5...........c.cccviiiiiiiiiiiiiiicii i A7
A.10 Summary of Formulas in Chapter 6...........ccociiiiiiiiiiiiiiiii it e A-9
Appendix B. References. ........coiviiiiciiiiiiiiiiiiieai s s rn e B-1

AppendiX C. AUIROT INAOX ... .vuiiiiiiitiriiiiiiieerstteratrenrerronnersranasrancsstsssassssennes C-1




Chapter 1. Introduction

Demographers and other social scientists have traditionally used the technique of direct standardization
to eliminate the compositional effects from the overall rates of some phenomenon in two or more
populations. Basically, the technique assumes a particular population as standard and recomputes the
overall rates in the populations by replacing their compositions by the compositional schedule of the
standard population. Numerous authors have dealt with the problem of standardization including Kuczynski
(1935, p. 188); Woolsey (1959); Kitagawa (1964); Spiegelman and Marks (1966); Clogg (1978); Little and
Pullum (1979); Curtin, Maurer, and Rosenberg (1980); Hoem (1987); and Johansen (1990).

Starting with the classic paper by Kitagawa (1955), another area of research, namely, the decomposition
of the difference between the overall rates in two populations, has been fast developing in recent years.
The decomposition deals with finding the additive contributions of the effects of the differences in the
compositional or rate factors in two populations to the difference in their overall rates. The techniques have
been extended to include any number of factors, various functional relationships of the factors with the
overall rate including the rate from cross-classified data, and simultaneous considerations of three or more
populations. Authors who have contributed to the subject of decomposition include Cho and Retherford
(1973); Blake and Das Gupta (1976); Das Gupta (1978, 1988, 1989, 1990, 1991, 1992); Kim and Strobino
(1984); Arriaga (1984); Pollard (1988); Nathanson and Kim (1989); and Pullum, Tedrow, and Herting (1989).

The subjects of standardization and decomposition are strictly linked and, logically, one cannot be
treated independently of the other. Das Gupta (1992) has recently shown explicitly how these two areas
are but parts of the same consistent system. The lack of recognition of a unified system encompassing the
two areas has often led to arbitrary selection of standard populations in the past, producing results that are
not defensible from the decomposition point of view.

To illustrate this point, let us consider the crude birth rates of 19.435 and 15.899 for the United States
for the years 1940 and 1988, respectively, showing a decline of 3.536 points (the so-called “total effect”)
over the 48-year period. This decline is the combined effects of the changes in the age-sex-specific birth
rates and the age-sex structure, and we can compute these two effects separately by controlling for the
age-sex structure and the age-sex-specific birth rates, respectively (table 6.12). If we use the 1940 age-sex
structure as the standard, then the age-sex-adjusted birth rates for 1940 and 1988 are 19.435 and 16.495,
respectively, and, traditionally, we interpret their difference of 2.940 as the effect of the changes in the
age-sex-specific birth rates (the so-called “rate effect”). If this interpretation is correct, then, by the same
logic, we should be able to use the 1940 age-sex-specific birth rates as the standard to compute the
age-sex-specific birth rate-adjusted birth rates of 19.435 and 18.815 for 1940 and 1988, respectively, and
interpret their difference of 0.620 as the effect of the changes in the age-sex structure (the so-called
“compositional effect”). The sum of these two effects is 3.560, which is, however, different from the total
effect of 3.536. ( This difference of -0.024 is sometimes called the interaction effect. Section A.2 in
appendix A and latter discussions in this chapter explain why there should not be an interaction effect in
this case.)

Thus, in this case, use of the 1940 population as the standard produces unacceptable rate and
compositional effects and, thereby, unacceptable standardized rates. When there are only two populations
and two factors (e.g., age-sex-specific birth rates and age-sex structure), this problem can be easily
resolved by using, for each factor, its average over the two populations as the standard (Kitagawa, 1955).
However, when more than two populations and/or more than two factors are involved, it is not obvious how
to choose standard populations that will not lead to any inconsistencies in the results. The objective of the
present report is to provide methodologies for handling the problems of standardization and decomposition
corresponding to any number of factors as well as any number of populations, for a variety of relationships
of the factors with the overall rate including the rate from cross-classified data.

Chapters 2 through 5 deal with various forms of the overall rate when only two populations are
compared. in chapter 2, the rate is expressed as the product of several factors. Bongaarts (1978), for
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example, expressed the total fertility rate as the product of five factors, namely, proportion mamed
noncontraception, induced abortion, lactational infecundability, and total fecundity rate.

A more general case is considered in chapter 3, where the rate is expressed as any function of two or
more factors. Pullum, Tedrow, and Herting (1989), for example, expressed the mean parity of a cohort of
women as a function of the parity progression ratios.

Chapter 4 deals with the rate that is a function of two or more vector-factors, a vector-factor being a
factor represented by several numbers, such as the set of six age-specific fertility rates by 5-year age
groups in the childbearing period. Smith and Cutright (1988), for example, expressed the illegitimacy ratio
as a function of four vector-factors, namely, the age structure of childbearing women, the marital status
structure within childbearing age groups, the age-specific nonmarital fertility rates, and the age-specific
marital fertility rates.

The most widely used rates for the purpose of standardization and decomposition are those from
cross-classified data, and these are discussed in chapter 5. Liao (1989), for example, studied the difference
between two crude death rates in terms of the effects of age, race, and age-race-specific death rates. In
these examples of cross-classifications, unlike those in the previous chapters, the total number of effects
includes the effect of the cell-specific rates and is, therefore, always one higher than the number of
variables involved in the cross-classification.

Finally, in chapter 6, the methodologies discussed in chapters 2 through 5 in the context of two
populations are extended to include three or more populations. A good example of this topic is the problem
of standardization and decomposition for the illegitimacy ratios for five years, considered by Smith and
Cutright (1988).

Throughout the report, the applications of the standardization-decomposition techniques are illustrated
by numerous examples taken from recently published literature. The report provides a working knowledge
of the application of the techniques and interpretation of results without getting the reader lost in the
technical mathematical derivations. The users of the techniques are expected to find the extensive supply
of computer programs in FORTRAN language extremely helpful for routine applications.

The sources of data used in this report include the censuses of the United States and other countries,
the national vital statistics provided by the National Center for Health Statistics, and numerous examples
of standardization and decomposition published recently in various professional journals. In three
examples (Examples 5.6, 5.7, and 6.8) where the data from the Current Population Survey (CPS) and the
Post-Enumeration Survey (PES) are used, the discussions on their errors are available in the references
cited. The standard errors used to test the differences in these examples are crude estimates based on
standard error parameters from the referenced reports.

The problem of decomposition of the difference between two crude rates into several additive effects
is different from the problem of, and cannot be adequately handled by, regression analysis. In other words,
“the difference between two crude rates is not the equivalent of a concept like total variance of a
dependent variable in regression analysis” (Kitagawa 1955). In the decomposition problem, the rate effect
may not always decrease with the addition of each new factor, whereas in the regression analysis, “the
addition of each independent variable to the equation increasingly explains the variation in the dependent
variable” (Das Gupta 1978). Moreover, a characteristic may play a very important role as an independent
variable in a regression equation in explaining the variation in a dependent variable, but the same
characteristic may not be an important factor in explaining the difference between two crude rates
constructed from the same dependent variable. For example, it is very likely that, in a regression analysis,
a person’s poverty status would be explained significantly by his (or her) race, but that the difference in the
race composition in two years would not be an important factor in explaining the difference in the poverty
rates in those years.

In defining the problems of standardization and decomposition, we have adopted a mathematical
approach of solving unknowns from algebraic equations rather than a statistical modeling approach
involving errors. This is evident from the equations in sections A.1, A.2, and A.3 in appendix A, which do
not include error components. The same decomposition problem based on log-linear analysis and the
purging method has been studied by Clogg and Eliason (1988); Liao (1989); Santi (1989); and Xie (1989).
This interesting statistical modeling approach is handicapped by the fact that it is too complicated to be of
any practical use even for data involving only two factors, as Liao’s paper and the two-factor example in
it amply demonstrate. Also, this approach leads to several widely different sets of results depending on the
type of purging used, and it is not clear how to justify choosing one set over all others. On the other hand,
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the methods of standardization and decomposition provided in this report lead to a single set of solutions,
and the computations invoived in them are so simple that handling, for example, a six-factor case (Example
5.9) is no more difficult than handling a two-factor case, particularly if one uses the same simple general
computer program. provided in the report.

Again, unlike the -statistical modeling approach, the present method decomposes the difference
between two rates into additive main effects and does not involve any interaction effects. This should be
a desirable aspect in a decomposition problem because it lends itself to easier and simpler interpretations
of the results (for example, even for a four-factor problem, there are as many as 11 interaction terms). This
elegance is achieved not by ignoring the parts in the total difference that other models might label
interactions, but by fully accounting for the total difference in terms of main effects, and thereby distributing
the so-called interactions among the main effects. This distribution does not change our conclusions about
the relative importance of the factors, it only simplifies the picture. For example, in the preceding example
with the crude birth rates of 1940 and 1988, the compositional effect and the rate effect are 0.620 and
2.940 (with the interaction effect of -0.024); whereas, when the interaction effect is eliminated, the same
main effects become 0.608 and 2.928. Thus, the interaction effect in the former case is distributed equally
between the two main effects in the latter situation.

As the same example suggests, the interaction term arises because of our using 1940 as the standard
population. There is no reason why 1940 should be used as the standard, particularly when the use of the
average of the two populations leads to a neat solution without the interaction term. As Kitagawa (1955)
has argued, “changes in rates and composition are seldom independent—rather, a change in one is likely
to affect the other. It may be argued, therefore, that since both were changing during the period, a logical
set of weights for summarizing changes in specific rates, for example, would be the average composition
of the population during the period.” Finding “average” populations as standards such that the difference
between two rates can be expressed as the sum of only the main effects is the crux of the decomposition
methodology used in this report.

Expressing the difference between two rates in terms of only the main effects can also be justified by
expressing the rate in terms of a linear saturated model with interactions and then solving the unknowns
from the same number of equations (see section A.2 in appendix A). It is possible to show that for such
models, the difference between two rates is always free from two-factor interaction effects, regardless of
the number of factors. Since for any set of data, the three-factor and higher order interaction terms are
expected to be negligible, it makes sense to find meaningful ways to decompose the difference into the
main effects of the factors only by absorbing the interactions into the main effects. .

" The effects of factors do not necessarily imply any causal relationships. They simply indicate the nature
of the association of the factors with the phenomenon being measured. There might be some hidden
forces behind the factors that are actually responsible for the numbers we allocate to different factors as
effects, but identifying those forces is beyond the scope of the decomposition analysis.




| Chapter 2. Rate as the Product of Factors

2.1 INTRODUCTION

p The simplest of the decomposition-standardization problems is the situation in which a rate can be
‘ expressed as the product of several factors. Some examples are as follows. Bongaarts (1978) expressed
' the total fertility rate as the product of five factors, namely, the index of proportion married, the index of
. noncontraception, the index of induced abortion, the index of lactational infecundability, and the total
' fecundity rate (Example 2.4). For adolescent women, Nathanson and Kim (1989) wrote the proportion of
women having a nonmarital live birth as the product of four factors, namely, the proportion of live births
' among nonmarital pregnancies, the proportion of pregnancies among sexually active single women, the
} proportion of sexually active women among single women, and the proportion of single women among all
women (Example 2.3). Das Gupta (1991) expressed the crude birth rate as the product of the general
t fertility rate, the proportion of women in the childbearing ages among all women, and the proportion of
women in the population (Example 2.2).
) In terms of the last example above, if R, and R, are the crude birth rates in population 1 and population
2, respectively, then questions are addressed separately for the problem of decomposition and for the
| problem of standardization, but these two areas are tied together by some consistency conditions, as

indicated below.

j Problem of Standardization

1. What would be the crude birth rates in the two populations if only the general fertility rates in th_e two

, populations differed as they did, but if the other two factors, namely, the proportiqn of women in the

j childbearing ages among all women and the proportion of women in the population were identical?

These conditional crude birth rates are the standardized birth rates controlled (or adjusted) for the

r latter two factors.

2. Asin (1) above, if only the proportions of women in the childbearing ages among all women in the two
populations differed as they did, what would be the standardized birth rates controlled for the general
fertility rate and the proportion of women in the population?

b 3. Again, if only the proportions of women in the two populations differed as they di_d, what would be the
standardized birth rates controlled for the general fertility rate and the proportion of women in the

k childbearing ages among all women?

’ Problem of Decomposition

i 4, How much of the difference R, - R, in the crude birth rates in the two populations can be a_ttributed
to the difference in their general fertility rates? This amount is the effect of the general fertility rate.

5. As in (4) above, how much of the difference R, - R, is the effect of the proportion of women in the
) childbearing ages among all women?

) 6. Again, how much of the difference R, - R, is the effect of the proportion of women in the population?

Consistency Conditions

b SO

. The decomposition-standardization methodology should be developed in such a way that the results
would satisfy the following relationships:

(i) The difference between the standardized rates in question (1) above should give the answer to
question (4).

TR T TRy e - e
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(i) The difference between the standardized rates in question (2) should give the answer to question (5).
(iii) The difference between the standardized rates in question (3) should give the answer to question (6).

(iv) The answers to questions (4), (5), and (6) should add up to the total difference R, - R, between the
crude birth rates in the two populations.

2.2 THE CASE OF TWO FACTORS
Let a and 8 be the two factors so that the rate R can be expressed as
R =af. 2.1)

In population 1, a and 8 take on the values A and B; in population 2, the corresponding values are a and
b. The rates R, and R, in population 1 and population 2 are then

R, = AB, R,=ab . (2.2

Following Das Gupta (1991, formula 6), if the factor « differed in the two populations as it did, and if the
factor B remained the same, we have

b+B

B-standardized rate: in population 1 = — A, (2.3
: b+B

in population 2 = . a. (2.4)

Similarly, if the factor g differed in the two populations while the factor a remained the same, we obtain

a+A

a-standardized rate: in population 1 = ——B., (2.5)
a+A

in population 2 = = b. (2.6)

Again, we can write the a-effect and B-effect as

b+B

a-effect = — (a—A), 2.7)
a+4-A

B-effect = — (b—B). (2.8)

We notice that the a-effect in (2.7) is the difference between the 8-standardized rates in (2.3) and (2.4),
and the B-effect in (2.8) is the difference between the a-standardized rates in (2.5) and (2.6). Again, from
(2.2), (2.7), and (2.8), we have the identity

Rz; — Ry = a-effect + B-effect . (2.9)

Therefore, all the consistency conditions in section 2.1 for two factors are satisfied.

Example 2.1

In the data for Black males and White males In table 2.1, equation (2.1) takes on the form
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- ' ~Mean earnings Mean earnings Proportion of
' ‘ based on all = based on those x persons who
persons (R) - whoearned (@) . earned (B). 2.10)

The resulits shown in table 2.2 can be summarized as follows:

1. The mean earnings (based on all persons) for Black males and White males are $7,846.56 and
’ $13,703.73, respectively. The difference (total effect) is $5,857.17.

] 2. If the proportions of persons who earned were identical in the two populations, the standardized mean
earnings would be $8,437.23 and $12,807.14, respectively. The difference, $4,369.91, gives the effect
' of the difference in the mean earnings of the earners in the two populations.

) 3. If the mean earnings of the earners were identical in the two populations, the standardized mean
‘ earnings would be $9,878.55 and $11,365.81, respectively. The difference, $1,487.26, gives the effect
' of the difference in the proportion of earners in the two populations.

N 4. As expected, the total effect in (1) above is equal to the sum of the effects in (2) and (3). Since both

the effects are positive, we can meaningfully express them as percentages of the total effect. Thus,
i 74.6 percent of the difference between the mean earnings of Black males and White males based on
all persons can be attributed to the difference in the mean earnings of the earners. The remaining 25.4
) percent can be attributed to the difference in the proportion of earners in the two populations.

z Table 2.1. Mean Earnings as the Product of Two Factors for Black Males and White Males,
! 18 Years and Over: United States, 1980

'@ Mesures Sackres] ke s
’ Meaﬁ earings = M (=R)
) Total population $7,848.56 (=R,) $13,703.73 (=R,)
Total earnings
J Persons who eamed (% $10,030 (=A) $16,501 (=a)
i Persons who earmned
Total population ¢~ 2 0.717892 (=B) 0.825074 (=b)

Source: U.S. Bureau of the Census (1984a), table 296.

Table 2.2. Standardization and Decomposition of Mean Earnings in Table 2.1

b
Standardization Decomposition
Measures Percent
» White males Black males Difference distribution
‘ (poputation 2)|  (population 1) (effects) of effects
’ B-standardized mean earnings
b [Formulas (2.3) and (2.4)] $12,807.14 $8,437.23 $4,369.91 74.6
{a-offect)
. a-standardized mean earnings
' [Formulas (2.5) and (2.6)] $11,365.81 $9,878.55 $1,487.26 25.4
(B-effect)
’ Mean earnings (R) $13,703.73 $7,846.56 $5,857.17 100.0
) (Total effect)

0 2.3 THE CASE OF THREE FACTORS

\ in this case, the rate R can be expressed as

' R = aBy, @.11)




8 STANDARDIZATION AND DECOMPOSITION OF RATES CHAPTER 2

where a, 8, and v are the three factors. If these factors assume the values A, B, and C in population 1, and
a, b, and ¢ in population 2, then the rates R, and R, in the two populations are

R,=ABC, R,=abc. 2.12)

From Das Gupta (1991, formula 7), we have

'bc+BC  bC+Bc

By-standardized rate: in population 1 = | ——+—¢ A, (2.13)
! ]
'bc+BC bC+Bce

in population 2 = + a, (2.14)
3 6 |
ractAC  aG+AcT

ay-standardized rate: in population 1 = 3t 8 B, (2.15)
ractAC aC+Ac

in population 2 = + b, (2.16)
| 3 6 |
fab+AB  aB+Ab]

ap-standardized rate: in population 1 = 3t "% C, (2.17)
rab+AB aB+Ab]

in population 2 = 3 + 5 c. (2.18)

Also, consistent with the above standardized rates, the factor effects have the following expressions:

bC+BC bC+Bc

a-effect = [ 3 ] (a—A) , (2.19)
ac+tAC aC+Ac

B-effect = [ 3 ] (b —B), (2.20)

ab+AB aB+Ab
3

y-effect = [ ] (c-C) . (2.21)

It is easy to verify from (2.12) and (2.19) through (2.21) that
Rz - R, = a-effect + B-effect + y-effect. (2.22)
Example 2.2

The data in table 2.3 are for Austria and Chile, 1981, in which equation (2.11) assumes the form, as in
Das Gupta (1991, equation 11),

Crude birth rate (R) = General fertility rate (a)
X Proportion of women in the childbearing ages among all women (g8)
x Proportion of women in the total population (y).
(2.23)

For convenience, i.e., for making the difference R, - R, a positive number, we assume Chile, 1981, and
Austria, 1981, to be population 2 and population 1, respectively, although the results and the conclusions
do not depend on how the two populations are labeled. We will follow this rule of positive R, - R, in all our
examples.
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The results in table 2.4 show that the crude birth rates for Chile, 1981, and Austria, 1981, were 32.845
and 12,512, giving a total difference of 20.333. However, if these rates are standardized with respect to
the proportion of women in the childbearing ages among all women and the proportion of women in the
population, then the standardized rates become 26.750 and 16.310, producing a difference of 10.440, and
this difference is the effect of the difference in the general fertility rates. In other words, the difference
between the birth rates for Chile and Austria would have been significantly smaller had the factors other
than the general fertility rate been identical in the two populations. Other standardized rates in table 2.4
reveal that the effect of the difference in the proportion of women in the childbearing ages was to make
the birth rate for Chile 10.559 points higher than that for Austria. On the other hand, the effect of the
difference in the proportion of women in the population was to raise the birth rate for Austria 0.666 point
above that for Chile. We have expressed the effects in terms of the percentages of the total effect in the
last column of table 2.4, and we will show this percent distribution in all our examples. However, it is easier
to interpret these percentages when the factor effects are positive, as in Example 2.1. If an effect is
negative, we may ignore the percent of this effect in the last column and interpret the result in terms of the
numbers in the preceding three columns.

Table 2.3. Crude Birth Rates as the Product of Three Factors: Austria and Chile, 1981

Austria, 1981 Chile, 1981
Measures (population 1) | (population 2)
crudo b Bithsx1000

rude birth rate = = T popuiation <~ 12512 (=R,) 32.845 (=R,)

R - Births x 1000
eneral fertity rate = o menaged 1548 (— 51.76746 (=A) 84.90502 (=8)

Women aged 15-49
Tomiwomen (=& 0.45919 (=B) 0.75756 (=b)
Total women

Total population ¢~ 7 052638 (=0) 0.51065 (=c)

Source: United Nations (1988, table 23; 1989, table 29).

Table 2.4. Standardization and Decomposition of Crude Birth Rates in Table 2.3

Standardization Decomposition
Measures Percent
Chile, 1981 Austria, 1981 Difference distribution
(population 2) (population 1) (effects) of effects
By-standardized birth rates
[Formulas (2.13) and (2.14)] 26.750 16.310 10.440 51.4
(a-effect)
ayy-standardized birth rates
[Formulas (2.15) and (2.16)] 26.810 16.251 10.559 51.9.
(B-effect)
ap-standardized birth rates
[Formulas (2.17) and (2.18)] 21.651 22317 -.666 -3.3
(y-effect)
Crude birth rates (R) 32.845 12512 20.333 100.0
(Total effect)

2.4 THE CASE OF FOUR FACTORS
When there are four factors a, 8, ¥, and §, the rate R is written as

R=aBys , (2.24)
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and, using similar notation, we can write the rates in population 1 and population 2 as

Ry, = ABCD, R;=abcd. (2.25)
From Das Gupta (1991, formula 8), we obtain
Byb-standardized rate: in population 1 = QA, (2.26)
in population 2 = Qa , (2.27)
so that
a-effect = Q (a—A) , (2.28)

where Q is a function of b,c,d,B,C,D given by

bed + BCD  bcD+bCd+Bed+BCd4-BeD+bCD

. 2.29)
N + (

Q=Q(b,C,d,B,C,D)= 12

Other standardized rates and factor effects can be derived easily by interchanging the Ie'tters in
equations (2.26) through (2.29). For example, the ayd-standardized rates and B-effect are obtained by
substituting b,a,B,A for a,b,A,B, respectively.

Example 2.3

Table 2.5 provides the data for the example given in Nathanson and Kim (1989). Here, the rates in (2.24)
for the White women aged 15 to 19 for 1971 and 1979 are expressed as foliows:

Percentage having nonmarital live births (R)
= Percentage having nonmarital live births among nonmarital pregnancies (a)
x Proportion of nonmarital pregnancies among sexually active single women (3)
x Proportion of sexually active single women among total single women (y)
x Proportion of single women among all women (5). 230)

The percentages R for 1971 and 1979 are, respectively, 1.434 and 4.423, giving a total difference of
2.989. The eight standardized rates for the two years (standardizing with respect to three factors at a time
and allowing the fourth factor to vary) are given in table 2.6. For example, if only the proportions of sexually
active single women among total single women (y) varied as they did in 1971 and 1979, and all the
remaining three factors (a, 8, and ) were identical in the two years, then the standardized percentages
having nonmarital live births would be 1.989 and 3.372 in 1971 and 1979, respectively, producing a
difference of 1.383 as the y-effect. In other words, as shown in the last column of table 2.6, 46.3 percent
of the increase in the percentage having nonmarital live births between 1971 and 1979 can be attributed
to the increase in the proportion of sexually active single women among total single women (y) in the
8-year period. We can make similar comments on other standardized rates and factor effects. The
decomposition in table 2.6 agrees with the results shown in table 2 of Nathanson and Kim. The extension
of this example to all live births as a 6-factor case is shown in Example 3.6.

Program 2.1

The results in table 2.6 can be easily obtained by using the computer program in FORTRAN (Program
2.1) in which P(1,J)’s are A, B, C, and D and P(2,J)’s are a, b, ¢, and d from table 2.5, the format of the data
input being given in line 3 of the program. The subscripts |, J, and K in R(l,J,K) in line 7 refer to the two
populations (1 and 2); the four factors (1, 2, 3, and 4); and the two expressions (1 and 2) on the right-hand
side of (2.29). Attaching a value of 1 to the capital letters and a value of 2 to the small letters in (2.29), and
adding these values for each three-letter term, we find that the first expression in (2.29) includes terms with
3 and 6 points; the second expression includes terms with 4 and 5 points. M1 and M2 in lines 16 and 17
of the program for M = 1,2 give the above two pairs of points, namely, (3,6) and (4,5). S(1,J)’s in line 24
are the eight standardized rates, and E(J)’s in line 25 are the four factor effects in table 2.6. R2, R1, and
T in line 26 are the numbers in the last row of table 2.6 giving R, and R, in (2.25) and their difference.
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Table 2.5. Percentage Having Nonmarital Live Births as the Product of Four Factors for White
Women Aged 15 to 19: United States, 1971 and 1979

Measures 1971 (population 1) 1979 (population 2)
Nonmarital live births x 100 : "
Total women (=R 1.434 (=R,) 4.423 (=Ry)
Nonmarital live births x 100
Nonmarital pregnancies = 25.3 (=A) 32.7 (=a)
Nonmarital pregnancies
Sexually active single women (=8) 214 (=B) .260 (=b)
Sexually active single women
Total single women (=7 279 (=0) 473 (=0)
Total single women
“Totaiwomen (= 949 (=D) .986 (=d)

Source: Nathanson and Kim (1989), table 1.

Table 2.6 Standardization and Decomposition of Percentages Having Nonmarital Live Births in

Table 2.5
Standardization Decomposition
Measures Percent
1879 1971 Difference distribution
(population 2) (population 1) (effects) of effects
Byb-standardized percentages
[Formulas (2.26) and (2.27)] 3.044 2.355 0.689 23.0
(a-effect)
ay$-standardized percentages 3.100 2.288 0.812] . 27.2
(B-effect)
aBd-standardized percentages 3.372 1.989 1.383 46.3
(y-offect) .
apy-standardized percentages 2.792 2.687 0.105 3.5
(8-effect)
Percentages having nonmarital live births (R) 4.423 1.434 2.989 100.0
(Total effect)
2.5 THE CASE OF FIVE FACTORS
In this case, using analogous notation, we can write the rate as
apfyde , (2.31)
which assumes the values
R,=ABCDE, R.=abcde, (2.32)
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Program 2.1 (Four Factors)
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in population 1 and population 2, respectively.

Using formula 9 in Das Gupta (1991), we have

Byde-standardized rate:in population 1 = QA (2.33)
in population 2 = Qa, (2.34)

so that
a-effect = Q (a—A) , (2.35)

where Q is a function of b,c,d,e,B,C,D,E given by

bcde+BCDE

Q = Q(b,c,d,e,B,C,D,E) = — (2.36)

bedE+ beDe+bCde+Bede+BCDe +BCdE +BcDE+bCDE
+
20
bcDE 4-bCdE 4+ bCDe + BCde + BcDe+ BedE
30 )

-+

Other standardized rates and factor effects follow directly from those in (2.33) through (2.36).
Example 2.4
Bongaarts (1978) expressed the total fertility rate (TFR) as
TFR = Gy X C.xCy xCxTF, (2.37)

where C,,, C., C, , C, are, respectively, the indices of proportion married, noncontraception, induced
abortion, and lactational infecundability, and TF is the total fecundity rate. We can treat equation (2.37) as
equation (2.31) expressing R in terms of five factors a, B, 7, 8, and e. The data corresponding to this
equation are given in table 2.7 for South Korea for 1960 and 1970. The results from the application of the
standardization and decomposition techniques to these data are shown in table 2.8.

The total fertility rate in South Korea declined 2.08 points during 1960 to 1970, from 6.13 in 1960 to 4.05
in 1970. This decline would have been only 1.23 points (from 5.68 in 1960 to 4.45 in 1970) if only the index
of noncontraception (8) declined as it did during 1960 to 1970, and the other four factors were identical.
In other words, 5§9.1 percent of the total decline in the total fertility rate in the decade can be attributed to
the increased use of contraception during the same period. Similar conclusions can be drawn from the
other standardized rates and factor effects in table 2.8. Again, we should ignore the negative percents in
the last column and interpret these resulits from the corresponding numbers in the other columns. Although
Bongaarts provided the data for this example, he did not do any computations for standardization or
decomposition similar to those in table 2.8.

Moreno (1991, table 8) used a shorter version of the model in equation. (2.37) given by

TFR = G, x C;xC; x Other, (2.38)

for six Latin American countries to decompose the difference between the total fertility rates from the
World Fertility Survey and the Demographic and Health Survey, and his results involved interaction terms.
The four-factor formulas for standardization and decomposition given in section 2.4 can be easily applied
to his data to obtain the results without the interaction terms. The justification for not including the
interaction terms separately but absorbing them into the main effects is given in chapter 1.
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Table 2.7. Total Fertility Rate as the Product of Five Factors: South Korea, 1960 and 1970

Measures 1970 (population 1) 1960 (population 2)
Total fertility rate (=R) 4.05 (=R,) 6.13 (=Ry)
Index of proportion married (=a) 0.58 (=A) 0.72 (=a)
Index of noncontraception (=g8) 0.76 (=B) 0.97 (=b)
Index of induced abortion (=) 0.84 (=C) 0.97 (=c¢)
Index of lactational infecundability (=35) 0.66 (=D) 0.56 (=d)
Total fecundity rate (=e¢) 16.573 (=E) 16.158 (=e)
Source: Bongaarts (1978), table 3.
Table 2.8. Standardization and Decomposition of Total Fertility Rates in Table 2.7
B Standardization ‘Decomposition
Measures Percent
1960 1970 Difterence distribution
(population 2) (population 1) (effects) of effects
Byde-standardized TFR's
[Formulas (2.33) and (2.34)] 5.61 4.52 1.09 524
(a-effect)
ayde-standardized TFR'’s 5.68 4.45 1.23 59.1
(B-effect)
apbe-standardized TFR’s 5.43 4.70 0.73 35.1
(y-effect)
afye-standardized TFR's 4.70 5.54 -0.84 -40.4
(5-effect)
apyd-standardized TFR's 5.02 5.156 -0.13 -8.2
(e-effect)
Total fertility rates (R) 6.13 4,05 2.08 100.0
(Total effect)

Program 2.2

The results in table 2.8 can be obtained from Program 2.2, which is almost identical with Program 2.1
except for the minor changes needed for the change in the number of factors from four to five. As before,
P(,J)'s are input data A, B, C, D, E and a, b, ¢, d, e from table 2.7. The subscripts |, J, K in R(1,J,K) in this
program refer to the two populations, the five factors, and the three expressions on the right-hand side of
(2.36). Again, attaching a value of 1 to the capital letters and a value of 2 to the small letters in (2.36), and
then adding these values for each four-letter term, we find that the first, second, and third expressions in
(2.36) include terms with points (4,8), (5,7), and 6, respectively. Accordingly, N1 and N2 in lines 17 and 18
correspond to the three pairs (4,8), (5,7), and (6,6). As in Program 2.1, S(i,J)’s in line 26 are the 10
standardized rates, and E(J)'s in line 27 are the five factor effects in table 2.8. Again, R2, R1, and T in line
28 give the numbers in the last row of table 2.8.

2.6 THE CASE OF SIX FACTORS
When there are six factors so that
R = aByden , (2.39)
and in the two populations,

R, = ABCDEF, R, = abcdef , (2.40)
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then, formula 10 in Das Gupta (1991) gives

Byden-standardized rate: in population 1 = QA, (2.41)
in population 2 = Qa, (2.42)
so that
a-effect = Q (a—A) , (2.43)
where
becdef+BCDEF
Q= Q(b,c,d,e,f,B,C,D,E, F) = _————6—_
bedeF +bedEf -+ beDef -+ bCdef + Bedef + BCDEf+BCDeF + BCdEF+8'¢DEF+bCDEF

+ 30

bedEF + beDeF +beDEf +bCdeF + bCdEf -+ bCDef + BedeF + BedEf -+ BeDef 4 BCdef
+BCDef -+ BCdEf + BCdeF + BcDEf+ BcDeF + BedEF +bCDEf +bCDeF + deEF+bcDEF

+

50 (2.44)
Other rates and effects can bé easily obtained from (2.41) through (2.44).
2.7 THE CASE OF P FACTORS
Let us write thé rate as the product of P factors as
R = ajap...ap . (2.45)
In the two populations, this rate assumes the values
Ri=AA;...Ay , Ra=a482...3 . {2.46)
it foliows from formuia A6 in Das Gupta (1991) that
apas...a,-Standardized rate: in population 1 = QA,, (2.47)
in population 2 = Qa 4, (2.48)

so that.

a1-9ff90t =Q (a4 —A1) s (2-49)
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where
a,a3... ap+A2A3... Ap
P

Q= Q(ag,aa, ves s8ps Ag,Aa,... ,Ap)—

sum of all (P—1)-letter terms with (P—2) small letters and
1 capital letter or (P—2) capital letters and 1 small letter

("7

sum of all (P—1)-letter terms with (P—3) small letters and
2 capital letters or (P—3) capital letters and 2 small letters

o("z")

+

sum of all (P—1)-letter terms with (P—r) small letters and (r—1)
capital letters or (P—r) capital letters and (r—1) smali letters

P(‘:: ; ) (2.50)

]
Mo

..
1
-

where

S =P/2,whenPiseven,
= (P+1)/2, when P is odd.

2.8 THE GENERAL PROGRAM

From Programs 2.1 and 2.2 corresponding to four and five factors, it is clear how to develop a
FORTRAN program for any number of factors higher than five. However, it is not necessary to use different
programs for data involving different numbers of factors. A program written for, say, 10-factor data can be
used for any number of factors not exceeding 10 by changing the expression for the rate R and the input
and output statements and formats in the program. No changes are necessary in the data files previously
created to be used with the specific programs.

Assuming that no one is expected to deal with more than 10 muitiplicative factors, we provide below a
program (Program 2.3) for 10 factors that can be used as a general program for any number of factors up
to 10. In order to show how to use this program for a smaller number of factors, we again consider
Examples 2.1 through 2.4 involving two to five factors, and indicate the changes in the input and output
statements (lines 2,42); the input and output formats (lines 3,43); and in the expression for the rate (lines
18,19) in Program 2.3 that are necessary in these examples to generate the results in tables 2.2, 2.4, 2.6,
and 2.8, respectively:
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‘ Example 2.1 (two factors)

Lines 2,42: Replace 10 in each line by 2
Lines 3,43: Replace (10F8.4) by (F8.0, F8.6) and 15.3 by 15.2
Lines 18,19: Replace the two lines by H = P(l,1)*P(J,2)

Example 2.2 (three factors)

Lines 2,42: Replace 10 in each line by 3
Lines 3,43: Replace (10F8.4) by (3F10.5) and no change in line 43
Lines 18,19: Replace the two lines by H = P(l,1)*P(J,2)*P(K,3)

: Example 2.3 (four factors)

Lines 2,42: Replace 10 in each line by 4
Lines 3,43: Replace (10F8.4) by (F6.1, 3F6.3) and no change in line 43
Lines 18,19: Replace by H = P(l,1)*P(J,2)*P(K,3)*P(L,4)

;_ Example 2.4 (five factors)

Lines 2,42: Replace 10 in each line by 5
j Lines 3,43: Replace (10F8.4) by (4F8.2, F8.3) and 15.3 by 15.2
Lines 18,19: Replace by H = P(l,1)*P(J,2)*P(K,3)*P(L,4)*P(M,5).
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: Chapter 3. Rate as a Function of Factors

3.1 INTRODUCTION

A more general case of standardization and decomposition than that in the preceding chapter is the
situation in which the rate can be expressed as any function of two or more factors. Obviously, the rate
expressed as the product of factors in chapter 2 is a special case of the present situation. To give an
example of a rate that is a function of factors, Pullum, Tedrow, and Herting (1989) expressed the mean
parity of a cohort of women as a function of the parity progression ratios (Example 3.7). Again, based on
the study by Wojtkiewicz, McLanahan, and Garfinkel (1990), the family headship rate of mothers can be
expressed as a function of six factors (Example 3.5). These and other examples of rates expressed as
functions of factors are used in this chapter to illustrate the standardization of rates and the corresponding
decomposition of rate differences.

- T e TR e Wy T W . e

3.2 THE CASE OF TWO FACTORS

If there are two factors a and 8, the rate R in this case is a function given by

R =F (a,B8). (8.1)

. If the factors a and B take on the values A and B in population 1 and the values a and b in population
2, then the rates R, and R, in population 1 and population 2 are

Ry =F(AB), R,=F(ab). (3.2)

If the factor a differed in the two populations as it did, and if the factor 8 remained the same, then it
follows from Das Gupta (1991, formula 1) that

F(Ab)+F(AB)

B-standardized rate: in population 1 = 3 . (3.9)
F(a,b)+F(a,B)

in population 2 = — (3.4)

Similarly, if the factor 8 differed in the two populations and the factor a remained the same, we have

I R A A s e A e . S

F(a,B)+F(A,B)
a-standardized rate: in population 1 = 3 ’ (3.5)

F(a,b)+F(Ab)
in population 2 = — (3.6)
The a-effect, as the difference between (3.3) and (3.4), and the 8-effect, as the difference between (3.5)

and (3.6), are
® [F(ab) —F(AD)] + [F(a,B)~F(AB)]

a-effect = 5 , 3.7)
B-effect = (3.8)

2
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It is easy to verify from (3.2), (3.7), and (3.8) that the sum of the two effects is equal to the difference
between the two rates, as in (2.9).

Example 3.1

In the data for 1940 and 1960 in table 3.1, equation (3.1) takes on the form

Crude rate of natural = Crude birth — Crude death (3.9)
increase (R) rate (a) rate (8)

As shown in table 3.2, the crude rates of natural increase in 1940 and 1960 are 8.60 and 14.20,
respectively, their difference being 5.60 (the total effect). If the death rates were identical in the two years,
the standardized rates of natural increase would be 9.25 and 13.55, respectively, their d'rfferencg of 4.30
giving the effect of the difference in the birth rates in the two years. Similarly, the rates of natural increase
standardized for birth rate are 10.75 and 12.05 for 1940 and 1960, their difference of 1.30 indicating the
effect of the difference in the death rates. As expected, the birth-rate effect and the death-rate effect add
up to the total effect. In terms of percentages, 76.8 percent of the change in the rate of natural increase
during 1940-1960 can be attributed to the difference in the birth rates and the remaining 23.2 percent, to
the difference in the death rates.

Table 3.1 Crude Rate of Natural Increase as a Function of Crude Birth Rate and Crude Death
Rate: United States, 1940 and 1960

Measures 1940 (population 1) 1960 (population 2)
Crude rate of natural increase 8.6 (=R,) 14.2 (=Ry)
(Births - Deaths) x 1000 R
= Total population = F(ap) = a-B (=R)
) Births x 1000
Crude birth rate = Total population = 19.4 (=A) 23.7 (=a)
Deaths x 1000
Crude death rate = Total population (=B 10.8 (=B) 9.5 (=b)

Source: National Center for Health Statistics (19904, table 1-1; 1990b, table 1-2).

Table 3.2. Standardization and Decomposition of Crude Rates of Natural increase in Table 3.1

Standardization Decomposition
M Percent
easres 1960 1940 Difference distribution
(population 2) (popuiation 1) (effects) of effects
B-standardized rate of natural increase
[Formulas (3.3) and (3.4)] 13.55 9.25 4.30 76.8
(a-effect)
a-standardized rate of natural increase
[Formulas (3.5) and (3.6)] 12.05 10.75 1.30 23.2
(B-effect)
Crude rate of natural increase (R) 14.20 8.60 5.60 100.0
(Total effect)
3.3 THE CASE OF THREE FACTORS
In this case, the rate R can be expressed as
R= F(a.ﬁ.‘)') ’ (3'10)
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where a, 8, and ¥y are the three factors. If these factors assume the values A, B, and C in population 1 and
a, b, and ¢ in population 2, then the rates in the two populations are

Ry = F(ABC) , Ry = F(abio) . @11)

It follows from equation (2) in Das Gupta (1991) that

Bry-standardized rate: in population 1 = Q(A) , (3.12)
in population 2 = Q(a) , (3.13)
ay-standardized rate: in population1 = Q(B) , (3.14)
in population 2 = Q(b) , (3.15)
afB-standardized rate: in population 1 = Q(C) , (3.16)
in population 2 = Q(¢) , (3.17)

so that
a-effect = Q(a) — Q(A) , (3.18)
B-effect = Q(b) — Q(B) , (3.19)
y-effect = Q(e) — Q(C) , (3.20)

where

F(Ab,c)+F(AB,C) F(AbC)+F(ABc)

Q(A)=Q(A; b,c,B,C) = 3 + 5 , (3.21).
F(a,B,c)+F(AB,C) F(aB,C)+F(AB,c)

Q(B)=Q(B; a,c,AC) = 3 + 5 , (3.22)
F(a,b,C)+F(AB,C) F(a,B,C)+F(Ab,C)

Q(C)=Q(C; a,bAB) = 3 + 8 , (3.23)

and Q(a), Q(b), and Q(c) are, respectively, the same expressions as those in (3.21), (3.22), and (3.23) with
A, B, and C replaced by a, b, and c.

We can verify from (3.11) and (3.18) through (3.20) that the three effects add up to the difference
between the two rates, as in (2.22). The derivation of effects (3.18) through (3.20) and also their
expressions when interactions between the factors are allowed are shown in sections A.1 and A.2 in
appendix A.

Example 3.2

The data in table 3.3 for White women in the United States for 1963 and 1983 express the illegitimacy
ratio (the ratio of births to unmarried women to total births) as

L= (3.24)

cl— =|c
EIZ cl—-
gr

v
w-

where U, M, and W are unmarried, married, and total women in the childbearing ages 15 to 44, and | and
L are births to unmarried and married women.

Using our notation, equation (3.24) can be written as

B (
R = F(a,8) = —————— (3.25)

af+ (1—-a)y’
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where a, B, y represent, respectively, the proportion of unmarried women in the childbearing ages, the
nonmarital general fertility rate, and the marital general fertility rate.

Table 3.4 shows that there was an increase of 94.23 in the illegitimacy ratio per 1,000 births in the
20-year period, from 30.95 in 1963 to 125.18 in 1983. If only the nonmarital general fertility rate (8)
changed as it did during the two decades but the other two factors were identical, the illegitimacy ratios in
1963 and 1983 would be 50.89 and 87.63, their difference of 36.74 being the effect of the change in 8. In
other words, only 39.0 percent of the increase in the illegitimacy ratio during 1963-1983 can be attributed
to the increase in nonmarital fertility. From the other standardized illegitimacy ratios in table 3.4, it follows
that the increase in the proportion of unmarried women and the decrease in marital fertility during the
period explain, respectively, 35.4 percent and 25.6 percent of the total increase in the illegitimacy ratio.
This example will be discussed again in Example 4.4 with expanded data incorporating age.

Table 3.3. I1II9e893Itlmacy Ratio for Whites as a Function of Three Factors: United States, 1963 and

Measures 1963 (population 1) 1983 (population 2)
lilegitimacy ratio (=R) .03095 (=R,) 12518 (=Ry)
Proportion unmarried among women aged 15 to 44 years (=a ) .295876 (=A) 416950 (=a)
Nonmarital general fertility rate (=28) .010569 (=B) 019025 (=b)
Marital general fertility rate (=y) .1380565 (=C) 095082 (=c)

Source: Smith and Cutright (1988), table 2.

Table 3.4. Standardization and Decomposition of lllegitimacy Ratlos in Table 3.3
{For convenience, resuilts obtained from data in table 3.3 are muitiplied by 1,000 before presenting them in table 3.4)

Standardization Decomposition

Measures Percent

1983 1963 Difference distribution

{population 2) (population 1) (effects) of effects

By-standardized lllegitimacy ratios 86.04 52.67 33.37 35.4
(a-effect)

ay-standardized lllegitimacy ratios 87.63 50.89 36.74 39.0
(B-effect)

ap-standardized illegitimacy ratios 81.80 57.68 2412 25.6
(v-effect)

llegitimacy ratios (R) 125.18 30.95 94.23 100.0
(Total effect)

Program 3.1

The results in table 3.4 can be obtained by using Program 3.1 in which P(1,J)’s are A, B, and C and
P(2,J)'s are a, b, and ¢ from table 3.3, the format of the data input being given in line 3 of the program. The
subscripts |, J, and K in R(l,J,K) in line 7 refer to the two populations, the three factors, and the
two expressions on the right-hand sides of (3.21) through (3.23). Taking any one of these three equations,
say, Q(A) in (3.21), we leave the argument A untouched but attach a value of 1 to the other capital letters
and a value of 2 to the small letters, and add these two values of the arguments for each F. We find that
the first expression in (3.21) includes F’s with a total of 2 and 4 points for the arguments. The second
expression includes F's with a total of 3 points. L1 and L2 in lines 15 and 16 of the program for L = 1,2
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give the above two pairs of points, namely, (2,4) and (3,3). H in line 11 is the expression for the rate R in
(3.25). S(1,J)'s in line 22 are the six standardized rates, and E(J)’s in line 23 are the three factor effects in
table 3.4. R2, R1, and T in line 24 are the numbers in the last row of table 3.4 giving R, and R1 in (3.11)
and their difference.

3.4 THE CASE OF FOUR FACTORS
When there are four factors a, 3, y, and 8, the rate R is written as
R = F (a,8,7,9) , (3.26)
and, using similar notation, we can write the rates in population 1 and population 2 as
R; = F(AB,CD), R, = F(ab,c,d). (3.27)

It follows from equation (3) in Das Gupta (1991) that

Byd-standardized rate: in population 1 = Q(A) , (3.28)
in population 2 = Q(a) , (3.29)
so that
a-effect = Q(a) — Q(A), (3.30)
where

F(Ab,cd) + F(A,B,C,D)

Q(A) = Q(A; b,c,d,B,CD) = -

F(Ab,cD) +F(AbCd) +F(AB,cd) +F(AB,Cd) +F(AB,cD) +F(AbCD)
+ -

12 , (3.31)

and Q(a) is the same expression as that in (3.31) with A replaced by a.

Other standardized rates and factor effects can be derived easily by interchanging the letters in
equations (3.28) through (3.31).

Exampie 3.3

This is an extended version of Example 2.2 in which the data on marital and nonmarital births are used
for Austria and Chile, 1981, as given in table 3.5. In this case, equation (3.26) assumes the form

R=[aB+8(1-B)]7. (3.32)
where R = Crude birth rate per 1,000 population,
a = Marital general fertility rate
= Marital births per 1,000 married women aged 15 to 49,
B = Proportion of married women among all women aged 15 to 49,
v = Proportion of women aged 15 to 49 in the total population,
€ = Nonmarital general fertility rate
8 = Nonmarital births per 1,000 unmarried women aged 15 to 49.
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As shown in table 3 6 the crude birth rates for Chlle, 1981, .and Austria, 1981,/ Were 32.845 and:12.512,
giving a total difference of 20.333. If the proportion of women aged 15 to 49 in the population (y) differed
as it did in the two populations, but all other factors remained identical, then the standardized birth rates
for Chile and Austria would be 26.497 and 16.556, their difference of 9.941 being the vy-effect. in other
words, 48.9 percent of the excess of the crude birth rate in Chile over Austria is explained by the
significantly higher ratio of women in the childbearing ages to the total population in Chile compared with
that in Austria. Although the data in Example 2.2 are not exactly the same, this percentage of 48.9 is
roughly equal to the combined effect of 48.6 percent for the factors 8 and vy in Example 2.2, as- éxpected.
If only the proportion of married women among all women in the childbearing ages (B) varied as it did, the
birth rate in Austria would be 0.994 point higher than that in Chile. As:before, the negative percent.in the
last column should be ignored, and thé corresponding numbers in the three precedmg columns should be
used for interpretation.

Table 3.5. Crude Birth Rate as a Function of Four Factors: Austria and Chile, 1981

e mam iy
Crude birth rate =M(=R) i

Total population 12512 (=R,) 32.845 (=R,)
Marital general fertility rate per 1,000 (=a) 71.83691 (=A) 115.73732 (=2a)
Proportion married among women aged 15 to 40 (=g) ‘ '0.58048 (=B) | 0.52500 (=b)
Proportion of women aged 15 to 49 in the population (=7) 0.24171 (=0) 0.38685 (=¢)
Nonmarital general fertility rate per 1,000 (=8) ‘ o 23.99823 (=D) 50.82674 (=d)

Source: United Nations (1988, tables 23, 33; 1989, table 29).

Table 3.6. Standardization and Decomposition of Crude Birth Rates in Table 3.5

' Standard v ization ‘ Decomposition

Measures Percent

Chile, 1981 Austria, 1981 Difference | distribution

: {population 2) {population 1) {effects) of effec'w

By8-standardized birth rates 25496 17.899 | 7597 | 37.4
(a-effect)

ayd-standardized birth rates 21.493 22.487 -0.994 -4.9
- (B-effect)

af38-standardized birth rates 26.497 16.556 9,941 48.9
. (y-effect)

afy-standardized birth rates 23.638 19.849 3.789 18.6
{8-effect)

Crude birth rates (R) 32.845 - 12.512 20.333 100.0

(Total effect) |

Program 3.2

The results in table 3.6 can be obtained by using Program 3.2. This program is identical to Program 2.1
except for lines 3 and 12. The interpretations of the variables in Program 3.2 are the same as those for
Program 2.1, except that the attachment of values of 1 and 2 should be described in a little different way,
as indicated in the text for Program 3.1. Line 3 in Program 3.2 is consistent with the data format in table
3.5 (which is different from the data format in table 2.5). Also, H in Line 12 of Program 3.2 gives the
expression for R in (3.32), whereas the same line in Program 2.1 gives the expression for R in (2.24).

ey
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3.5 THE CASE OF FIVE FACTORS

'In this case, using analogous notation, we can write the rate as
R= F(“iﬁ!szse) ’ (3'33)

which assumes the values
= F(AB,CDE), R, = (abc,de), S (B34

in population 1 and population 2, respectively.
Using formula (4) in Das Gupta (1991), we have

Byde-standardized rate: in population 1 = Q(A) , \ " (3.35) ;

in population 2 = Q(a) , (3.36) ?

so that ; - ' : > {
a-effect = Q(a)—Q(A) 337 |

where ’

F(Abcde) + F(ABCDE)
5

' |
F(Ab,c,d,E) +F(Ab,c,D,e) +F(A, b, d de) +F(AB.c.de) L l

Q(A) =Q(A; b,c,d,e,B,C,D,E) =

+F(A,B,CD,e) +F(A,B,Cd,E) +F(A, ,.D, )+F(AbCDE)
+
20

(3.38) {

F(Ab,c,D,E) +F(A,b,C,d,E) +F(Ab,CD,e)
+F(ABC ,d,e +F(A B,c,D, e) +F(A B,c,d,E)

30 ’

+

and Q(a) is the same expresslon as that in (3.38) with A replaced by a.
Other standardized rates and factor effects follow dlrectly from those in (3 35) through (3.38). 7

Example 3.4

This is a further extension of Example 3.3 in which the dete on totel women are used explicitly for Austria
and Chile, 1981, as shown in table 3.7. In this case, equation (3.33) assumes the form

= [aB+e(1-B)]1y8, (3.39) N

where R

Crude birth rate per 1,000 population,

Marital general fertility rate per 1,000, ‘ ,
Proportion of married women among all women aged 15 to 49, 4
Proportion of women aged 15 to 49 among ail women, '

Proportion of women in the total population ,

Nonmarital general fertility rate per 1,000.

"R WA
[/ |

The results in table 3.8 are virtually identical with those in table 3.6 except for the tact that the factor y
in Example 3.3 is broken down into two factors y and & in Example 3.4. We now sée that as high as 52.1
percent of the difference between the crude birth rates of Chile and Austria is explained by the substantially
higher proportion of women in the childbearing ages among all women in Chile relative to that in Austria.
On the other hand, a smaller proportion of women in the population in Chile had a negative effect on the
difference between the birth rates; that is, if all other four factors (except & ) were identical, the birth rate
in Chile would be 0.668 poirit less than that in Austria.

o e gy T




CHAPTER 3 STANDARDIZATION AND DECOMPOSITION OF RATES 27

Table 3.7. Crude Birth Rate as a Function of Five Factors: Austria and Chile, 1981

e b ooty
Crude birth rate = M (=R)

Total population 12512 (=R,) 32.845 (=R,)
Marital general fertility rate per 1,000 (=a) 71.83691 (=A) .115.73732 (=a)
Proportion married among women aged 15 to 49 (=8) 0.58048 (=B) 0.52500 (=Db)
Proportion of women aged 15 to 49 among all women (=) 0.45919 (=C) 0.75756 (=¢)
Proportion of women in the population (=8) 0.52638 (=D) 0.51065 (=d)
Nonmarital general fertility rate per 1,000 (=¢) 23.99823 (=E) 50.82674 (=o)

Source: See the footnote of table 3.5.

Table 3.8. Standardization and Decomposition of Crude Birth Rates in Table 3.7

Standardization Decomposition

Measures Percent

Chile, 1981 Austria, 1981 Difference distribution

(population 2) (population 1) (effects) of effects

BySe-standardized birth rates 25.559 17.943 7.616 37.4
(a-effect)

ayde-standardized birth rates 21.545 22.542 -0.997 -4.9
(B-effect)

apde-standardized birth rates 26.872 16.288 10.584 52.1
(y-offect)

afye-standardized birth rates 21.700 22.368 -0.668 -3.3
(8-effect)

afys-standardized birth rates 23.696 10.898 3.798 18.7
(e-effect)

Crude birth rates (R) 32.845 12512 20.333 100.0
(Total effect)

Program 3.3

‘We can obtain the resuits in table 3.8 by using Program 3.3. This program is identical with Program 2.2
except for lines 3, 13, and 30. The interpretations of the variables in Program 3.3 are the same as those
for Program 2.2 except for the manner in which the values 1 and 2 are attached, as described in the text
for Program 3.1. Lines 3 and 30 in Program 3.3 are different because the formats of the input and output
data in tables 3.7 and 3.8 are different from the corresponding formats in tables 2.7 and 2.8. Again, H in
line 13 of Program 3.3 gives the expression for R in (3.39), whereas the same line in Program 2.2 expresses
Rin (2.31).

3.6. THE CASE OF SIX FACTORS

When there are six factors so that
R = F(a,B,7.0,€7) , (3.40)

and in the two populations,
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R‘l = F(AlBlciDlElF) ] HZ = (alb!c!d!elf) ] (3'41)
then, formula (5) in Das Gupta (1991) gives
Bybden-standardized rate: in population 1 = Q(A) , (3.42)
‘ in population 2 = Q(a) , (3.43)
s0 that
a-effect = Q(a)—Q(A) , (3.44)
where

F(Alblc'd’elf) + F(A’BIC'D!E’F) )
6

F(Ab,cd.e,F) + F(Ab,c,dESf) +F(Ab,cDef) + ( b,C,d,6,f) +F(AB,c,d,e,f)
+ F(AB,CD,Ef) +F(AB,C,D,e,F) +F(AB,Cd,EF) +F(AB,cD,EF) +F(Ab,C,D,E,F)

30

F(Ab,c,dEF) +F(Ab,c,D,eF) +F(A.bcDE,f) +F(Ab,C,d,e,F) +F(A,b,C,d,E,f)
+F(AbC,Def) +F(AB,cdeF) +F(AB,cdE\f) +F(AB,cD,e,f) +F(AB,Cde,[f)
+F(AE c.D. ) +F(A,B,C,d,Ef) +F(A, , ,,e,F) +F(A,B,c,D,E.f) +F(A,B,c,D,e,F)
+F(AB,cd,EF) +F(AbC,DES) +F(Ab,CD,eF) + F(Ab,Cd,EF) +F(Ab,c,D,EF)

60

Q (A) =Q (A;bcdefBCDEF) =

+

, (3.;15)

and Q(a) is the same expression as that in (3.45) with A replaced by a.
Other standardized rates and factor effects follow directly from those in (3.42) through (3.45).

Example 3.5

The data in table 3.9 are taken from Wojtkiewicz, McLanahan, and Garfinkel (1990) where the family
headship rates per 1,000 for White mothers, 18 to 59 years, for 1950 and 1980 are expressed as follows:
Mothers who are family heads x 1000
Total women
Formerly married mothers who are family heads x 1000
= Formerly married mothers
Formerly married mothers ~ Ever-married mothers  Ever-married women
Ever-married mothers X Ever-married women X~ Total women

Never-married mothers who are family heads x 1000

Never-married mothers
Never-married mothers  Never-married women

X Never-married women X Total women

(3.46)

which, in our notation, reduces to ;
R = F(a,B,7.5.6m) = aByd + en(1-38) . (3.47)

The family headship rates increased from 22.70 to 55.02 during 1950 to 1980, producing a total increase
of 32.32 points. The standardized rates and the effects of the six factors are shown in table 3.10. For
example, if only the proportions of formerly married mothers among ever-married mothers (8) varied as
they did in 1950 and 1980, and all the remaining five factors were identical in the two years, then the
standardized headship rates would be 26.36 and 49.14 in 1950 and 1980, respectively, producing a
difference of 22.78 as the B-effect. In other words, 70.5 percent of the increase in the headship rate
between 1950 and 1980 can be attributed to the increase in the proportion of the formerly married mothers
among ever-married mothers (B8) in the three decades. Similar observations can be made about other

. numbers in table 3.10. Wojtkiewicz, McLanahan, and Garfinkel decomposed the difference between the
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numbers of female family heads rather than between the female family headship rates and also
considered interaction between the factors. Their results are, therefore, not directly comparable with those
presented here. This example will be extended to four populations for the years 1950, 1960, 1970, and
1980 in Example 6.4 (tables 6.7 and 6.8).

Table 3.9. Family Headship Rate for Mothers, 18 to 59 Years, as a Function of Six Factors:
United States, White, 1950 and 1980

Measures 1950 (population 1) 1980 (population 2)
Family headship rate of mothers per 1,000 total women (=R) 22.70 (=R,) 55.02 (=Ry)
Formerly married mothers who are family heads per 1,000 formerly married

mothers (=a) 688 (=A) 878 (=a)
Proportion of formerly married mothers among ever-married mothers (=8) 0.067 (=B) 0.128 (=b)
Proportion of ever-married mothers among ever-married women (=) 0.571 (=C) 0.562 (=¢)
Proportion of ever-married women among total women (=8) 0.851 (=D) 0.808 (=d)
Never-married mothers who are family heads per 1,000 never-married mothers

(=9 509 (=E) 623 (=e)
Proportion of never-married mothers among never-married women (=) 0.004 (=F) 0.030 (=f)

Source: Wojtkiewicz, McLanahan, and Garfinkel (1990), table 2.

Table 3.10. Standardization and Decomposition of Family Headship Rates In Table 3.9

Standardization Dacomposition

Famly headship rates 1980 1950 Difference dis:imon:

(population 2) (population 1) (effects) of effects
Byden-standardized rates 42.03 33.31 872 (a) 27.0
aySen-standardized rates 49.14 26.36 22,78 (B) 70.5
apden-standardized rates 37.84 38.42 -0.58 (y) -1.8
aByen-standardized rates ’ 37.43 38.89 -1.46 (9) -4.5
aBydn-standardized rates 38.21 37.87 0.34 (¢) 1.0
afybe-standardized rates 39.25 36.73 252 (n) 7.8
Crude headship rates (R) 5§5.02 22.70 32.32 100.0

(Total effect)

Program 3.4

The results in table 3.10 can be obtained by using Program 3.4. The format of this program and the
interpretations of the variables are the same as those for Program 3.3 except for the changes that are
needed to go from five to six factors. Also, the input and output formats in lines 3 and 32 in Program 3.4
are made consistent with the numbers in tables 3.9 and 3.10. The equation in (3.47) is expressed in line
14. The subscripts |, J, and K in R(1,J,K) in line 7 of Program 3.4 refer to the two populations, the six factors,
and the three expressions on the right-hand side of (3.45). In (3.45), we leave the argument A untouched
but attach a value of 1 to the other capital letters and a value of 2 to the small letters, and add these two
values of the arguments for each F. We find that the first expression in (3.45) includes F’s with a total of
5 and 10 points for the arguments, the second expression includes F's with a total of 6 and 9 points, and
the third expression includes F’s with a total of 7 and 8 points. K1 and K2 in lines 18 and 19 of Program
3.4 for KK = 1,3 give the above three pairs of points, namely, (5,10), (6,9), and (7,8).
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Example 3.6

Exactly the same six-factor model in equation (3.47) can also be used to extend the four-factor model
by Nathanson and Kim (1989), given in equation (2.30), to all live births (nonmarital and marital) by defining
R as the percentage having live births, and adding to equation (2.30) the term en(1-8) where

Percentage having marital live births among marital pregnahcies,
Proportion of marital pregnancies among total married women, (3.48)
Proportion of married women among all women. Rt

(T

€
7
B 1 _6
The data for this example are provided in table 3.11, and the corresponding standardized rates and the
factor effects, in table 3.12. The percentages R for 1971 and 1979 are, respectively, 3.592 and 4.846,
giving a total difference of 1.254. Although this difference is much smaller than the difference of 2.989 in
table 2.6 based on nonmarital live births, the absolute values of a, 8, and vy effects are identical in tables
2.6 and 3.12. These results follow from a comparison of equations (2.24) and (3.47) since, for given values
of ¢, m, and 8, the additional term in (3.47) does not have any effect on the difference. It is interesting to

"note that the increase in the proportion of single women among all women (8) during 1971-1979 tended

to increase the percentage having nonmarital live births (0.105 in table 2.6) and decrease the percentage
having live births (-1.237 in table 3.12) during the same period. A significant decline in the proportion of

. marital pregnancies among married women (n) during the 8-year period also had a negative effect on the

difference between the percentages having live births in table 3.12. ,

The results in table 3.12 can be obtained by using the data in table 3.11 and Program 3.4. The only
changes needed in the program are the input and output format statements in lines 3 and 32 as follows:
Line3: 1 FORMAT (F6.1, 3F6.3, F6.1, F6.3) ' -
Line 32: 6 FORMAT (40X, 3F15.3)

Table 3.11. Percentage Having Live Births as a Function of Six Factors, for White Women Aged
15 to 19: United States, 1971 and 1979

Measures : 1971 (population 1) 1979 (population 2)
Percentage having live births (=R) ' 3.502 (=R,) 4.846 (=R,)
Percentage having nonmarital live births among nonmarital pregnancies (=a) 25.3 (=A) 32.7 (=a)
Proportion of nonmarital pregnancies among sexually active single women (=8) 214 (=B) .290 (=b)
Proportion of sexually active single women among total single women (=) .279 (=C) . A73 (=¢)
Proportion of single women among all women (=8) .949 (=D) © .986 (=d)
_Percentage having marital live births among marital pregnancies (=¢) 92.0 (=E) 91.4 (=e)
Proportion of marital pregnancies among total married women (=1) 460 (=F) 331 (=)

Source: Nathanson and Kim (1989), tables 1 and 4; table 2.5 in this report.

Table 3.12. Standardization and Decomposition of Percentages Having Live Births in Table 3.11

Standardization Decomposiﬁqn
Percentages having live births , - Percent
' ) - 1978 - 1971 Difference distribution
- (population 2) (population 1) (effects) of effepts
- BySen-standardized percentages 4.260 ' 8572 0688 (@) - 549
aySen-standardized pefcentages 4317 3.504 0813 (8)| =~ & 648
aBben-standardized percentages 4.588 3206 1383 (y) 1103
\aByen-standardized percentages o 3.209 453|  -1.237 (9) -98.7
afBydn-standardized percentages 3.960 3.968 -0.008. (€) -0.6
aByde-standardized percentages ‘ 3.735 4.120 -0.385 (n) -30.7
Percentages having live births (R) 4.846 3.592 1.254 100.0

(Total effect)
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3.7 THE CASE OF P FACTORS

Let us write the rate as a function of P factors as

R = F(ay,az...,ap) ,

and, in the two populations, this rate assumes the values
R1 = F(A1,A2,...,Ap) s Rg = F(a1,a2,. «w8p) -

It follows from formula A5 in Das Gupta (1991) that
azas...ap-standardized rate: in population 1 = Q(Ay) ,
in population 2 = Q(a, ),

so that
as-effect = Q(ay) —Q(Ay) ,
where
F(Aw,82383,. . »8p) + F(A,AzAg,. - . ,Ap)
Q(A)) = Q(As; apa3, . . . apA2Ag,. . .,3p) = =
sum of all F’s with A,, (P—2) small letters and 1 capital
letter or Ay, (P—2) capital letters and 1 small letter
+
P—1
(1)
sum of all F’'s with A,, (P—3) small letters and 2 capital
letters or Ay, (P—3) capital letters and 2 small letters
+
P—1
(2
ST
sum of all F’'s with A,, (P—r) small letters and (r—1) capital
S letters or A,, (P—r) capital letters and- (r—1) small letters
B Eﬁ P—1
P(r—1)
where
S =P/2,whenPiseven,
= (P+1)/2, when P is odd.
3.8 THE GENERAL PROGRAM

(3.49)

(3.50)

(3.51)
(3.52)

(3.53)

(3.54)

From Programs 3.1 through 3.4 corresponding to three to six factors, a FORTRAN program can be
developed for any number of factors higher than six. However, it is not necessary to use different programs
for data involving different numbers of factors. A program written for, say, 10-factor data can be used for
any number of factors not exceeding 10 by changing the expression for the rate R and the input and output
statements and formats in the program, as suggested in section 2.8. Again, no changes are needed in the

data files previously created to be used with the specific programs.

As a matter of fact, the general program for up to 10 factors (Program 2.3) given in section 2.8 can also
be used for any number of factors up to 10 for the standardization and decomposition problems in chapter
3, i.e,, when the rate is a function of the factors. As before, the only changes needed in Program 2.3 are
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in the input and output statements in lines 2 and 42, the input and output formats in lines 3 and 43, and
in the expression for the rate in lines 18 and 19. We show below the specific changes in Program 2.3 that
will be needed to generate the results in tables 3.2, 3.4, 3.6, 3.8, 3.10, and 3.12 corresponding to Examples
3.1 through 3.6 in this chapter:

Example 3.1 (two factors)

Lines 2,42: Replace 10 in éach line by 2
Lines 3,43: Replace (10F8.4) by (2F8.1) and 15.3 by 15.2
Lines 18,19: Replace the two lines by H = P(I,1)-P(J,2)

Example 3.2 (three factors)

Lines 2,42: Replace 10 in each line by 3
Lines 3,43: Replace (10F8.4) by (3F10.6) and 15.3 by 15.5
Lines 18,19: Replace the two lines by line 11 in Program 3.1

Example 3.3 (four factors)

Lines 2,42: Replace 10 in each line by 4
Lines 3,43: Replace (10F8.4) by (4F10.5) and no change in line 43
Lines 18,19: Replace the two lines by line 12 in Program 3.2

Example 3.4 (five factors)

Lines 2,42: Replace 10 in each line by 5
Lines 3,43: Replace (10F8.4) by (5F10.5) and no change in line 43
Lines 18,19: Replace the two lines by line 13 in Program 3.3

Example 3.5 (six factors)

Lines 2,42: Replace 10 in each line by 6
Lines 3,43: Replace (10F8.4) by (F5.0, 3F5.3, F5.0, F5.3) and 15.3 by 15.2
Lines 18,19: Replace the two lines by line 14 in Program 3.4

Example 3.6 (six factors)

Lines 2,42: Replace 10 in each line by 6
Lines 3,43: Replace (10F8.4) by (F6.1, 3F6.3, F6.1, F6.3) and no change in line 43
Lines 18,19: Replace the two lines by line 14 in Program 3.4

3.9 EXAMPLE 3.7 (TEN FACTORS)

Pullum, Tedrow, and Herting (1989) expressed the mean parity M of a cohort of women by
M= P0+P0P1+P0P1P2 F+ e + P0P1P2. . P9 , (3.55)

where P, is the parity progression ratio for transition from parity i to parity i+1 (we assume here that the
highest possible parity is 10).
In terms of our notation, equation (3.55) can be written as

R = F(a.8,.8.€1.0.A,p,v) , ,
= a+af+aBy+...... +aBydenfipv. (3.56)

The values of the two rates and the 10 factors for White women for 1908 and 1933 cohorts are shown in
table 3.13.

in the 25-year period from 1908 to 1933, the mean parity of a cohort increased by .854, from 2.247 in
1908 to0 3.101 in 1933. As shown in table 3.14, the mean parities in 1908 and 1933 would have been 2.454
and 2.854 if only the parity progression ratio from parity 0 to parity 1 (a) changed as it did between 1908
and 1933, and all other parity progressnon ratios were equal in the two years. Therefore, .400 (46. 8 percent)
of the increase in the mean parity in the 25-year period was contributed by the increase in the parity
progression ratio from parity O to parity 1. It is interesting to note that the first four parity progression Aratlos
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made positive contributions to the total increase in the mean parity, and the remaining ratios contributed
negatively. The decomposition in table 3 of Pullum, Tedrow, and Herting by and large agrees with that

presented in the last two columns of table 3.14.

Table 3.13. Mean Parity of a Cohort as a Function of Ten Factors (Parity Progression Ratios), for
White Women: United States, 1908 and 1933 Cohorts

Mean parity and parity progression ratios (PPR’s) (pza?:?zlsagg:o‘lr; (plii?agggofg
Mean Parity (=R) 2.247 (=R,) 3.101 (=Ry)
PPR for transition from parity 0 to 1 (=a) 0.7921 (=A) 0.9215 (=a)
PPR for transition from parity 1 to 2 (=p8) 0.7247 (=B) 0.8950 (=b)
PPR for transition from parity 2 to 3 (=) 0.5937 (=C) 0.7198 (=c¢)
PPR for transition from parity 3 to 4 (=8) 0.5924 (=D) 0.6016 (=d)
PPR for transition from parity 4 to 5 (=e¢) 0.6057 (=E) 0.5354 (=e)
PPR for transition from parity 5 to 6 (=) 0.6353 (=F) 0.5267 (=f1)
PPR for transition from parity 6 to 7 (=0) 0.6396 (=QG) 0.5214 (=g)
PPR for transition from parity 7 to 8 (=) 0.7948 (=H) 0.6381 (=h)
PPR for transition from parity 8 to 9 (=p) 0.7468 (=1) 0.5522 (=i)
PPR for transition from parity 9 to 10 (=v) 0.6746 (=J) 0.4162 (=j))
Source: Pullum, Tedrow, and Herting (1989), table 1 (data extended for higher parities).
Table 3.14. Standardization and Decomposition of Mean Parities in Table 3.13
Standardization Decomposition
Mean parities standardized for— Percent
1933 cohort 1908 cohort Difference distribution
(population 2) (population 1) {effects) of effects
All PPR's except a 2.854 2.454 400 (a) 46.8
All PPR’s except 8 2.842 2.484 .378 (B) 443
All PPR’s except y 2.761 2,549 212 (y) 248
All PPR’s except & 2.664 2.654 .010 (d) 1.2
All PPR’s except e 2.637 2.683 -.046 (€) -5.4
All PPR's except 7 2.639 2.680 -041 () -4.8
All PPR’s except 6 2.646 2,672 -.026 (6) -3.0
All PPR’s except A 2.651 2.667 -016 (A) -1.9
All PPR’s except p 2.653 2.664 | ~011 (1) -1.3
All PPR’s except v 2.656 2,662 -.006 (v) -0.7
Mean parities (R) 3.101 2.247 100.0
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The data In table 3.13 and the general program (Program 2.3) in chapter 2 can be used to obtain the
results in table 3.14 if the following changes are made in Program 2.3: ,

Lines 2,42: No changes

Lines 3,43: No changes
Lines 18,19: Replace the two lines by equation @. 56), ie., by

H=P(1,1)* (1.+P(J,2)*(1.4P(K,3)* (1.+P(L/4)* (1.+P(M,;5) * (1 +P(N 6)*
1 (1A+PUL7)* (1.4P(,8)* (1.+P(KK,9)* (1 +P(LL,100))))))))
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Chapter 4. Rate as a Function of Vector-Factors

4.1 INTRODUCTION

in many situations, a factor may be represented by several numbers. For example, six age-specific
fertility rates together may be considered one factor. Such factors may be called vector-factors (as
opposed to scalar-factors). Cho and Retherford (1973), for example, expressed the crude birth rate as a
function of three vector-factors, namely, the age-specific marital fertility rates (assuming that no births
occur to unmarried women), the proportions of married women among total women in the age groups, and
total women in the age groups as proportions of the total population (Example 4.3). Again, Smith and
Cutright (1988) expressed the illegitimacy ratio as a function of four vector-factors, namely, the proportional
age distribution of women in the childbearing period, the proportions of unmarried women to total women
in the childbearing age groups, the age-specific nonmarital fertility rates, and the age-specific marital
fertility rates (Example 4.4). The expressions for standardization and decomposition for both scalar- and
vector-factors are identical except that we should use different symbols to distinguish between them, as
shown in the following sections.

4.2 THE CASE OF TWO VECTOR-FACTORS

We express the two vector-factors as
a= (a1la2l ---!an,) ’ E = (B",BZI ---anz) ’ (4'1)

n, and n, being the numbers of elements in the two vectors. In many situations, as in the two examples
in section 4.1, the numbers n, and n, are equal.

We write the rate R as _
R = F(a1,ag, ---uan, IB1!BZ! "'lﬁﬂ!) =F(EIB) ’ (4'2) :

and equations (3.2) for population 1 and population 2 change to
R, =F(AB) , R, =F@b) , (4.9)
where
A = (A1Az... ,Ay), B = (By,By....By) , (4.4)
a = (aj8z..,8n); D= (by,by...,bp) .

In spite of the fact that R in (4.2) depends on (n,+n,) scalar numbers, we do not treat this as a
(ny+ny)-factor case because we do not allow all these factors to take on values from population 1 and
population 2 independently of each other. We impose here the condition that the n, scalars (a4, ay, ..., “m)
must take on either the values (A,, A,, ..., A,) or the values (a,, a, ..., &, ). Had we treated this as a
(ny+ny)-factor case, it would have been possible to have a set of values such as (A,, a, a3, .., Ap) for
@. Similar restrictions apply to the elements of B.

Changing the notation from scalar to vector in (3.3) through (3.8), we obtain

B-standardized rate: in population 1 = F (A’B)Z F(AB) , (4.5)
in population 2 = F(ab) + F(aB) (4.6)

2 L
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a-standardized rate: in population 1 = F(a,B)_;F( AB)
in population 2 = F@b) -\2- F(Ab)

[F@b)— F(Ab)] + [F(8B) — F(AB)]
2 H

a-effect =

[F(@b) — F(@B)] + [F(Ab)— F(AB)]
2

B-effect =

Example 4.1

@.7

(4.8)

(4.9)

(4.10)

Keyfitz (1968, p. 189) considered the decomposition of the difference between two intrinsic growth rates
into the effects of changes in the age-specific fertility and mortality rates. Table 4.1 gives the stationary
populations 5L, from the abridged life tables for females and the fertility rates sm, for females (based on
the female births only) by 5-year age groups for 1960 and 1965. These two series of data for a year serve

as the vector-factors @ and g for that year.

For a given set of @,8, the female intrinsic growth rate R = F (@,8) can be obtained iteratively by the

Newton-Raphson Method (Scarborough, 1962, p. 199) as follows:
We compute

)
po= 3 a;8/100000 ,
i=1

]
Bi= ,2 (5i+7.5)a8/100000 .
=1

The first approximation r, is given by
r1 = (logepo) - Mo/ p1 -

With the above value of r,, we compute

9
N(ry) = |21 exp [—ry( 5i+7.5)Ja8,/ 100000 |,

]
D(r)= 3 (5+7.5) exp [—r,( 5i+7.5)]aif;/ 100000 .

The second approximation r, is

N(r1)—1

l’2=l'1————D(r1) .

This process is continued until

h — fp—1] < .0000001,

(4.11)

(4.12)

(4.13)

4.14)

(4.15)

(4.16)

4.17)
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and at this point, r, is taken as the intrinsic growth rate R.

The intrinsic growth rates R; = F (A,B) and R, = F(&@b) for 1965 and 1960 are, respectively, 12.14
and 20.77 per 1,000, their difference being 8.63. Table 4.2 gives the four standardized rates and the two
factor effects. For example, the mortality-standardized intrinsic growth rates in 1960 and 1965 are 20.81
and 12.10; i.e., if only the fertility varied as it did in 1960 and 1965, and the mortality were the same in the
two years, then the intrinsic growth rate would decline from 20.81 to 12.10 in the 5-year period. This decline
of 8.71 is even higher than the actual decline of 8.63. Therefore, the change (decline) in mortality during
1960-1965 had a slight dampening effect on the total decline in the intrinsic growth rate. Keyfitz used the
Australian data and, therefore, his decomposition is not directly comparable with our decomposition on the
U.S. data.

Table 4.1. Female Intrinsic Growth Rate per Person as a Function of Two Vector-Factors: United
States, 1960 and 1965

GLx (a'l) Bmx (Bi)

Age groups i 1965 1960 1965| 1960
x to x+5 (population 1)| (population 2)| (population 1) (population 2)

A 8 B, b,
RLOA (o 2 £ T 1 486446 485434 .00041 .00040
15t020..........ccvennne, 2 i it 485454 484410 .03416 .04335
20t025.......iieienn < 483929 492905 09584 .12581
25t030......c00viiinnnnn 4 ottt e i 482046 481001 07815 .08641
30t035....0iiiiiiiinnns L 479522 478485 .04651 ' .05604
3Bt0d0.........connnl... L 475844 474911 .02283 .02760
40t045...........evn.... 2 470419 469528 .00631 00758
451050.........0000vuunnn Bttt it 462351 461368 .00038 .00045
50t055......c00iiennnn. L 450468 449349 .00000 .00001
intrinsic growthrate (R) . ........coviviininnnrnennannns R, (1965) = .01214, R, (1960) = .02077

Source: National Center for Health Statistics (1962, tables 2-13, 5-3; 1963, table 2-1; 19674, tables 1-48, 4-2; 1867b, table 5-1).

Table 4.2. ?tamda“rqlzatlon and Decomposition of Female Intrinsic Growth Rates per Person in
able 4.

(For convenience, results obtained from data in table 4.1 are multiplied by 1,000 before presenting them in table 4.2)

Standardization Decomposition

Female intrinsic growth rate Percent
1960 1965 Difference distribution

(population 2) (population 1) (effects) of effects

B (fertility)-standardized growth rates 16.41 16.49 -08 (@ -0.8
o (mortality)-standardized growth rates 20.81 12.10 871 (B 100.9
Overall intrinsic rates (R) 20.77 12.14 8.63 100.0

(Total effect)

Program 4.1

The resuits in tabie 4.2 can be obtained by using Program 4.1 in which V(I,J,K)’s in line 2 are the data

from table 4.1 corresponding to | = 1,2 (1965 and 1960); J = 1,2 (mortality and fertility); and K = 1,9 (nine
age groups). In other words, the data file consists of four lines with the four vectors A,B, 3, and b in table
4.1, each line having nine elements. Equations (4.11) through (4.17) are given in lines 12 through 14 and
18 through 21 of the program. As in Program 3.1, S(,J)’s in line 28 are the four standardized rates and
E(J)’s in line 29 are the two vector-factor effects in table 4.2.
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Program 4.1 (Two Factors)
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Program 4.2 (Two Factors)
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Example 4.2

Bianchi and Rytina (1986) decomposed the difference between the indices of male-female occupational
dissimilarity for 1970 and 1980 in order to eliminate from this difference the effect of the change in the
occupational structure during the decade. The index of dissimilarity may be written as

1

Index=§ > |[(Mi/M)x100 — (F;/F)x 100 | , (4.18)
i

where M, and F, are the numbers of males and females in occupation i, and M and F are the total males
and the total females.

Equation (4.18) can also be written in terms of our notation as

_ aiBi (1—apB
R =F (a.8) = 50 _ (4.19)
(a B) ; ?,a,ﬁ, % (1 —al)B]
where
a=M/Ti, B=T/T, Ti=M+F , T=M+F . (4.20)

Table 4.3 gives a sample of the 480 elements of the vectors @ and 8 for 1970 and 1980. The indices of
male-female occupational dissimilarity based on these data are 59.285 and 67.683 for 1980 and 1970,
respectively. The standardization of these indices and the decomposition of their difference of 8.398 are
shown in table 4.4. It shows, for example, that if the occupational structures in 1970 and 1980 were
identical, then the indices of dissimilarity in 1970 and 1980 would be 67.017 and 60.271, producing a
difference of 6.746. This difference is, obviously, the effect of the change in the occupational sex
segregation during the decade. In other words, 80.3 percent of the decline in the index of male-female
occupational dissimilarity during 1970-1980 is contributed by the decline in the occupational sex
segregation during the decade. The decomposition by Bianchi and Rytina is in agreement with these
results except that it included an interaction term. (With a slightly different set of data producing a total
effect of 8.5, their results were 6.4 and 1.4 for the @ and 8 effects and 0.7 for the interaction effect.) The
approximate method by Das Gupta (1987) applied to the same set of data produced a slightly different
result. Again, arguments in favor of using only the main effects that absorb the interactions are given in
chapter 1.

Program 4.2

The results in table 4.4 can be obtained by using Program 4.2 in which V(1,J,K)’s in line 2 are the data
from table 4.3 corresponding to | = 1,2 (1980 and 1970); J = 1,2 (M/T/’s and T;/T’s); and K = 1,480 (480
occupations). The data file consists of 240 lines, each of the four vectors A,B, &, and b occupying 60 lines
in the same order with eight numbers in each line. Equation (4.19) is expressed in the program in line 16.
Program 4.2 is basically the same as Program 4.1 except for the fact that in Program 4.1, there are nine
elements in a vector-factor, and it uses lines 9 through 21 to compute the rate R (i.e., H in the program)
whereas in Program 4.2, there are 480 elements in a vector-factor, and it uses lines 9 through 16 to

' compute H. Consequently, Program 4.2 is five lines shorter than Program 4.1.
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Table 4.3. Index of Male-Female Occupational Dissimilarity as a Function of Two Vector-Factors:
United States, 1970 and 1980 (Partial Data) ‘ ‘
M/T)=q (T,/T) =B
i i 1980 1970 1980 -1970
I Occupation (population 1) |  (population 2)|  (population 1) (population 2)
A & B b
1 Legislators, etc., public administration. ......... 7443052 1.0000000 .0004481 .0001251
2 Administrators, public administration ........... 6637712 .7826656 .0028553 0031344
3 Administrators, protective services............. 9059344 1.0000000 .0002531 .0003277
4 Financial Managers.................cc.uuenn. .6861586 .8058082 .0039536 .0027667
479 | Wholesale and retail rade. ..o 8197265 8040852 0032085 0032290
480 |Allotherindustries...............covvvvvnrnnn. .8203055 8557602 .0024285 .0022611
Index of dissimilarity (R)...........ccoovvvienenenen.. R, (1980) = 59.285, R, (1970) = 67.683

Source: U.S. Bureau of the Census (1984b), pp. 7-15. Total males (M) and total females {F=T-M) in 1980 are 59,592,657 and
44,069,629, and those in 1970 are 49,405,944 and 30,285,210, respectively (excluding the experierced unemployed not classified
by occupation, and the seven occupations with no persons in 1970).

Table 4.4. Standardization and Decomposition of Indices of Male-Female Occupational
Dissimilarity in Table 4.3

Standardization Decomposition
Ind t male-f ti i 4 Percent
ndex of male-female occupational dissimilarity 1970 1980 Difference distribution
(population 2) {(population 1) (effects) ~ of effects
B (occupational structure)-standarized index of
dissimilarity 67.017 60.271 6.746 (@) 80.3
a (occupational sex segregation)-standardized —
index of dissimilarity 64.470 62.818 1.652 (8) 19.7 ]
Overall index of dissimilarity (R) 67.683 59.285 8.398 100.0
(Total effect)
4.3 THE CASE OF THREE VECTOR-FACTORS
We express the three vector-factors as
a= (a1,a2, . van,) ' (B1ﬁ2s .. -:an) y ¥ = (71’72’- - ,‘Yne) ’ (421)
and write the rate R as
R = F(a‘leu . -:an1 ] B1,B2’ .. '!an s‘Y‘lsVZs- . -s')’na) L] (4'22)
= F(@,B,y) . !
Equations (3.11) for population 1 and population 2 in this case change to 1
Ry = F(ABC) , Ry = F(BBT) - (4.23) !
Equations (3.12) through (3.23) remain unchanged except that the scalars a,8,7, A, B, C a, b,and cin i
these equations should be replaced by the corresponding vectors @,8,7, A, B, C, &, b, a |
Example 4.3 )
For East Asian countries, Cho and Retherford (1973) expressed the crude birth rate per 1,000 ‘ )
population as
10008 10008, M, W 1
=3 v 2 (4.24)
P i M W, P .




! CHAPTER 4 STANDARDIZATION AND DECOMPOSITION OF RATES 43

where B, M;, and W, are, respectively, the number of births, the number of married WOmen, and the number
of total women in age group i, and B and P are the total number of births and the total population. In terms
i of our notation, we can write equation (4.24) as

i R=F@B7)=3 abu . (4.25)

L where the vector-factors @,B, and ¥ represent, respectively, the age-specific marital fertility rates per 1,000
women (it is assumed that all births occur to married women), the proportions of married women among
total women in the age groups, and total women in the age groups as proportions of the total population.

[ Table 4.5 gives the three vector-factors for Taiwan for the years 1960 and 1970. The crude birth rates
for 1960 and 1970 based on these data are, respectively, 38.77 and 27.20, the total difference being 11.57.
i The results in table 4.6 show that if, for example, neither the within-age group marital status structure
\ (B) nor the age-sex structure (7) was different in 1960 and 1970, but the age-specific marital fertility rates
(@) varied as they did in the two years, then the crude birth rates in 1960 and 1970 would be 36.73 and

b 29.44, giving a difference of 7.29. The percent contributions of the vector-factors @, 8, and 7 to the total
difference of the two crude birth rates are, respectively, 63.0, 23.5, and 13.5. The decomposition in table
b 1 of Cho and Retherford agrees closely with these percentages.
It should be noted here that we can also express equation (4.24) as
1000B 10008, M; M 4.26)
: P =2 "W "M'P’ “.

where M is the total number of married women in the childbearing ages. B8 and ¥ in (4.26) represent,
respectively, the age-structure of the married women, and the marital status-sex structure. Equations (4.24)
and (4.26) are two different “hierarchical” models (Kim and Strobino, 1984; Das Gupta, 1989) and
generate two different sets of results. By contrast, chapter 5 (Rate from Cross-Classified Data) deals with
“symmetrical” models in which the results do not depend on the order in which the factors are considered.

Table 4.5. Crude Birth Rate per 1,000 as a Function of Three Vector-Factors: Taiwan, 1960 and

TT— T gy T

1970
f 1970 (population 1) 1960 (population 2)
) Age groups ' 10008, /M;| M. /w,| w,/P| 10008 /M| M W[ WP
= A| =8 = = g = b| =¢
| 151019, 0 iiuiereeenrnnnns 1 488 082 .058 393 A22 043
201024......0cunuiiinnnns 2 452| .827| .038 407| 622 041
; 251029.....cc00vennnnenns 3 338| .868| .032 369| .903 036
301034....ccvnuninnnnnnnn 4 156 .949 .030 274 .930 032
] 351039.....cc0vvnunnnnns 5 63| .942| .026 184 916 026
40t044................se. 6 22{ 923| .023 90| .873 020
. 451049........ccuununnn. 7 3| .878| .019 16|  .800 018
i
. Crude birth rate (R) = 1000B/P .........oevvvrevnnnnee. " R, = 27.20 R, = 38.77
]
i Source: Cho and Retherford (1973), tables 2, 3, 4.
' Table 4.6. Standardization and Decomposition of Crude Birth Rates in Table 4.5
b " Standardization Decomposition
. Birth rates ‘ Percent
1960 1970 Difference distribution
, (population 2) (population 1) (effects) of effects
; . By-standardized rates 36.73 20.44 7.29 (@) 63.0
ay-standardized rates 34.47 31.75 272 (B 235
’ @p-standardized rates 33.83 32.27 166 (%) 135
: Cruds birth rates (R) 38.77 27.20 11.57 100.0
(Total effect)
4
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Program 4.3

The results in table 4.6 can be obtained by using Program 4.3 in which V(1,J,K)’s in line 2 are the data
from table 4.5 corresponding to | = 1,2 (1970 and 1960); J = 1,3 (@, B, and ¥); and K = 1,7 (seven age
groups). The data file consists of six lines with the six vectors A, B, C, 3, b, and © in table 4.5, each line
having seven elements. Program 4.3 is basically the same as Program 3.1 for three factors in chapter 3
except that it takes three lines (lines 11 through 13) to compute the rate R (i.e., H in the program) instead
of a single line (line 11) used in Program 3.1. Program 4.3 is, therefors, two lines longer than Program 3.1.

4.4 THE CASE OF FOUR VECTOR-FACTORS

In this case, the rate R is written as
R = F (a,8.7.9) , (4.27)

and, therefors, in population 1 and population 2, the rates are
R‘l = F(Klglélﬁ) s RZ = F(alB)-c-,a) . (4'28)

The expressions for the standardized rates and the factor effects are the same as those in equations
(3.28) through (3.31) except that the scalars a, 8, v, 8, A, B, C, D, a, b, ¢, and d should be replaced by the

corresponding vectors @, 8,7, 8,A,B,C,D,a,b, T, and d.
Example 4.4

Smith and Cutright (1988) expressed the illegitimacy ratio (the ratio of births to unmarried women to total
births) as

WU

| Zww
LT GW U W ML
2WoW TS W WM

(4.29)

where U,, M,, and W, are unmarried, married, and total women in age group i, and |, and L, are births to
unmarried and married women in age group i. W, |, and L are the corresponding totals in the childbearing
ages 15 to 44,

Using our notation, equation (4.29) can be written as

? aBry;

R =F (a,8,%,6) = , (4.30)
(@P:7.0) 3 aBy+2 a (1-B)8
i [

where the vector-factors @, B, 7, and 5 represent, respectively, the age-structure of the women in t.he
childbearing ages, the marital status structure within childbearing age groups, the age-specific nonmarital
fertility rates, and the age-specific marital fertility rates.

Table 4.7 gives the values of the elements of the four vector-factors for White women for 1963 and
1983. The illegitimacy ratios based on these data and their standardization and decomposition are shown
in table 4.8. There was an increase of 94.23 in the illegitimacy ratio in the 20-year period, from 30.95 in
1963 to 125.18 in 1983. This increase would have been only 27.06 (28.7 percent of the total increase) if
only the age-specific nonmarital fertility rates changed as they did during the two decades but the other
three factors were identical. On the other hand, the increase in the illegitimacy ratio would have been as
high as 48.66 (51.7 percent of the total increase) if only the within-age group marital status structure
changed as it did but the other three factors were identical. Thus, although the illegitimacy rates (i.e., the
nonmarital fertility rates) by definition do not depend on the marital-status structure of the women in the
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Program 4.3 (Three Factors)
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Program 4.4 (Four Factors)
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childbearing ages, the significant shift in this latter structure during 1963-1983 in favor of nonmarriage had
a tremendous boosting effect on the illegitimacy ratio. In table 4 of Smith and Cutright, the standardization
was performed by holding one factor constant at a time, whereas our standardization holds three factors
constant simultaneously allowing the fourth factor to vary. The two sets of standardizations are, therefore,
not directly comparable. This example will be discussed further with five populations for five years in
Example 6.5 (tables 6.9 and 6.10).

Table 4.7. lllegitimacy Ratio as a Function of Four Vector-Factors: United States, Whites, 1963

and 1983
1963 (population 1) 1983 (population 2)

Age groups | w, Wl uw| L] sl wow| uowl L) LM

=A| =B| =G| =D =8| =b| =g = d
151019, ..uivinenennnn.. L IR 200 .8e6| .007| .454| .1e9| .831| .018| .380
201024, ....uenenannnn... 2 e, 63| 325 .021| .326| .195| .663| .026| .201
251029......ceuuennnnnn.. B e, 46| .118| .023| .19s| .180| 311| .023| .149
301034, ....uennnnnnn... b, 154| oe9| .015| .1o7| .174| .216| .016| 079
351039, ...cuenennnannn.. B et 68| .09 .08| .051| .150| .199| .008| .025
401044, ........enen... B et 69| 21| .002| .015| .122| .191| .002| .006
llegitimacy ratio (R) = /(L) ........uvuuveererrnnnnne. R, = .03085 R, = 12518

Source: Smith and Cutright (1988), tables 2 and 3.

Table 4.8. Standardization and Decomposition of lllegitimacy Ratios in Table 4.7
(For convenience, results obtained from data in table 4.7 are multiplied by 1,000 before presenting them in table 4.8)

Standardization Decomposition
Veghimacy ratios 1983 1963 Difference dls:'lgru??rt
(population 2) (population 1) (effects) of effects
P73 -standardized ratios 71.51 77.71 820 (@| -6.6
@yd -standardized ratios 96.08 47.42 48.66 (B) 51.7
apb -standardized ratios 86.30 50.24 27.08 () 28.7
apy -standardized ratios 84.34 - 50.63 2471 ) 28.2
Overall illegitimacy ratios (R) 125.18 30.95 94.23 100.0
(Total effect)

Program 4.4

The results in table 4.8 can be obtained by using Program 4.4 in which V(1,J,K)’s in line 2 are the data
from table 4.7 corresponding to | = 1,2 (1963 and 1983); J = 1,4 (g, B, ¥, and 8); and K = 1,6 (six age

groups). The data file consists of eight lines with the eight vectors A,B, C, D, @, b, T, and d in table 4.7, each
line having six elements. Program 4.4 is basically the same as Program 3.2 for four factors in chapter 3
except that it takes six lines (lines 12 through 17) to compute the rate R (i.e., H in the program) instead of
a single line (line 12) used in Program 3.2. Program 4.4 is, therefore, five lines longer than Program 3.2.

4.5 THE CASE OF FIVE VECTOR-FACTORS
In this case, we can write the rate as

R =F (a,8.7.5,9) , (4.31)
which assumes the values

R, =F(ABCDE), R, =F(ahsde) (4.32)

in population 1 and population 2, respectively.
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The standardized rates and the factor effects have the same expressions as those in (3.35) through
(3.38) with the scalars a, B, 7. 8,¢, A, B,C,D,E, a, b, ¢, d, and e in them replaced by their corresponding
vectors.

Example 4.5

Arriaga (1984) studied changes in life. expectations as a result of changes in mortality rates in different
age groups In terms of a complete life table extendmg to age 109, we can express the expectation of life

at birth eo as

o Lo 1 _q
= 4.43

X=0

where L, is the stationary population in the age interval 0-1, and q, is the probability that a person of exact
age x will die before reaching the exact age x+1.

In table 4.9, go’s for White males for 1940 and 1980 are shown as a function of five vector-factors as
follows:

&0 =R = F(@B73% . (4.44)
where, from the values of L, and q, in the two life tables, L, in (4.33) is expressed as
L, = 100054 — 86065 q, , (4.35)
and
@ = (QxG1..G19) B = (Q0.21,.q30) » ¥ = (G40,Gats--nsTs0) (4.36)

There was an increase of 8.005 in the expectation of life at birth for White males in the four decades
1940-1980, from 62.812 in 1940 to 70.817 in 1980. The standardization and decomposition in table 4.10

show how this increase in go can be attributed to the decrease in the mortality rates in the age groups
0 to 20, 20 to 40, 40 to 60, 60 to 80, and 80 and over. From the last column, we find that, in terms of

(4]
percentages, the contributions made by these age groups towards the overall increase ine, are,
respectively, 44.3, 10:3, 22.0, 18.9, and 4.5. Arriaga’s decompositions do not include one that corresponds
to the data in table 4.9; therefore, we cannot compare our results with his.

Suchindran and Koo (1992) used this formulation to decompose the difference between two mean ages
at last birth into the effects of the differences in five factors (which include one scalar factor and four
vector-factors), namely, age at first birth, earlier parity progression ratios, later parity progression ratios,
earlier birth intervals, and later birth intervals.
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Table 4.9. Expectation of Life at Birth (eo) as a Function of Five Vector-Factors: United States, .
White Males, 1940 and 1980
1940 (population 1) 1980 (population 2)

Age
o o hee g hoe g R g
[ D 04812 60..... .02548 0...... 01231 60..... 01762
Toerenn. 00487 61..... 02743 I 00092 61..... 01933
2....... 00265 62..... 02052 2...... 00066 62..... 02119
3....... 00190 63..... 03177 3...... 00053 63..... 02316
4....... 00153 64..... 03420 4...... 00043 64..... 02523
5....... 00138 65..... 03685 5.uuu. 00039 65..... 02738
6....... 00124 66..... 03975 6...... 00037 66..... 02968
T, 00114 67..... 04293 r AT 00034 67..... 03218
8....... 00106 68..... .04643 8...... 00030 68..... 03495
9....... 00102 A 69..... 05028 D 9...... 00024 @& 69..... 03805 d
10...... 00100 70..... 05454 10..... 00019 70..... 04148
11...... 00101 ... 05924 11..... 00019 71..... 04516
12...... 00106 72..... 06443 12..... 00028 72..... 04901
13...... 00114 73..... 07014 13..... 00046 73..... 05295
14...... 00127 74..... 07637 14..... 00071 74..... 05703
15...... 00143 75..... 08313 15..... 00096 75..... 06146
16...... 00158 76..... 09040 16..... 00118 76..... 06642
17...... 00172 77..... 09818 17..... 00137 77 ..... 07180
18...... 00186 78..... 10647 18..... 00151 78..... 07762
19...... 00189 79..... 11530 19..... 00163 79..... .08394
20...... 00212 80..... 12471 2..... 00175 80..... 09099
21...... 00223 81..... 13472 21..... 00186 81..... 09886
22...... 00232 82..... 14537 22..... 00193 82..... 10733
23...... 00238 83..... 15668 23..... 00193 83..... 11613
24...... 00241 84..... 16859 24..... 00189 84..... 12523
25...... 00243 85..... 18104 25..... 00183 85..... 13507
26...... 00245 86..... 19395 2..... 00177 86..... 14592
27...... 00251 87..... .20727 27..... 00172 87..... .15691
28...... .00259 88..... 22091 28..... 00168 88..... 16774
29...... 00268 B 89..... 23482 E 29..... 00167 b 89..... 17875 e
30...... 00279 90..... 24894 30..... 00166 90..... 18058
3...... 00291 ol..... 26322 31..... 00165 91..... 20389
32...... .00306 02..... 27760 32..... 00166 92..... .21864
33...... 00323 93..... .29202 33..... 00168 93..... .23453
34...... 00342 94..... .30642 34..... 00175 94..... .25061
35...... 00363 95..... .32076 35..... .00184 95..... 26617
36...... .00387 9..... .33496 36..... 00196 96..... .28001
37...... 00414 97..... .34898 37..... 00209 97..... 29311
38...... 00443 9..... .36275 38..... .00224 98..... .30545
39...... 00476 99..... 37623 39..... 00240 99..... 31703

100....|.38935 100....|.32784
40...... 00513 101 ....].40205 40..... .00261 101....].33791
4...... 00554 102....].41429 4..... 00287 102....|.34724
42...... 00600 103....|.42599 42..... 00316 103....|.35588
43...... .00650 104 ....|.43712 43..... 00348 104 ....|.36384
44...... 00706 105....|.44760 44..... 00382 105....].37117
45...... 00766 106 ....|.45738 45..... 00420 106....|.37790
46...... 00833 107 ....|.46640 46..... 00463 107.....|.38407
47...... 00804 108....|.47462 47..... .00514 108....].38971
48...... 00981 C 109....|.48000 48..... 00573 © 109 ....|.39486
49...... 01064 49..... 00639
50...... 01155 50..... 00706
51...... .01253 51..... 00775
52...... .01360 S (1940) 52..... .00850 e, (1980)
53...... 01476 ° 53..... .00934
54...... .01602 -R 54..... 01027 -R
55...... 01737 =M 55..... .01125 e
gs ...... 01881 56..... .01227
7 et 02034 57..... 01338
58...... 02185 = 62812 58..... 01464 = 70817
59...... .02366 50..... 01608

Source: U.S. Bureau of the Census (1946), table 5; National Center for Health Statistics (1985), table 5.
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Table 4.10. Standardization and Decomposition of Expectations of Life at Birth in Table 4.9

Standardization Decomposition

Expectation of life at birth Pprcgnt
1980 1940 Difference distribution

(population 2) (population 1) (effects) of effects

Byde-standardized expectations 68.463 64.917 3.546 (d) 44.3
@ybe-standardized expectations 67.112 66.286 826 B 103
@Bbe-standardized expectations 67.566 65.802 1.764 () 22.0
apye-standardized expectations 67.433 65.925 1.508 (5) 18.9
@pyb-standardized expectations 66.876 66.515 361 (@) 45
Overall expectation of life at birth (R) 70.817 62.812 8.005 100.0

(Total effect)

Program 4.5

The results in tabie 4.10 can be obtained by using Program 4.5 in which V(l,J,K)’s in line 2 are the data
from table 4.9 giving 220 q,’s corresponding to | = 1,2 (1940 and 1980); J = 1,5 (@, B, ¥, 8, and € ); and
K = 1,20 (20 single-year age groups for the first four vector-factors) or K = 1,30 (30 single-year age
groups for the fifth vector-factor). The data file, therefore, consists of 22 lines: lines 1 through 11 are for
110 g, values for 1940 and lines 12 through 22 are for 110 g, values for 1980 (each of lines 1 through 22
having 10 values), the format being as shown in line 3 of the program. Program 4.5 is basically the same
as Program 3.3 for five factors in chapter 3 except that it has 11 additional lines (lines 13 through 23) for
the computation of the rate R (i.e., H in the program). Program 4.5 is, therefore, 11 lines longer than
Program 3.3.

4.6 THE CASE OF SIX VECTOR-FACTORS

When there are six vector-factors so that

R =F (E,Bﬁ;g»—fﬁ ) » (4'37)

and in the two populations,

R‘I = F(A’BlClDlElF) ’ RZ = F(as_’ai—d—’éj) s (4'38)

then the standardized rates and the factor effects have the same expressions as those in (3.42) through
(3.45) except that the scalars have to be replaced by their corresponding vectors.

Example 4.6

As in Example 4.5, the changes in life expectations can also be decomposed into the effects of changes
in mortality by different causes of death (Pollard, 1988; Myers, 1991). Table 4.11 gives the data from the

]
U.S. total abridged life tables for 1962 and 1987 expressing the expectation of life at birth e, (=R) as
R =F (@B7¥.87) , (4.39)
where

= 7n 2 2 2
a= 1qo(1) .4Q1(1) n"--SQBO“)) ’ B = (1C|o( ) -4q1( ) ----!5q80( )) ’

(
T = (106 1401 ® 10i5080™) , 8 = (1™ 4N ? ,..0.5080) (4.40)

- — 6 (6
€ = (1qo(5) ’4Q1(5) !'"!SQBO(S)) N = (1q°(6) '4q1( ) ---‘-5%0( )) [
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Program 4.5 (Five Factors)
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Program 4.6 (Six Factors)
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and

6
ndx = [2 an(') s (4-41)

i (= 1,2....,6) being the six categories of causes of death as shown in table 4.11.

The ,0,%-values are obtained from the corresponding g, of the abridged life table and from the death
statistics of the six causes. For example, in the age group 5 to 10 for 1987, 5q5 is .001225 and the deaths
in the six causes are, respectively, 149, 46, 681, 151, 2, 231, and 1,043, the total number of deaths being
4,301. We compute

505" = .001225x(149/4301) = .000043, (4.42)
505 = .001225x(46 /4301) = .000013,

and so on. These values are shown in table 4.11.

Table 4.11 also shows the values of G, and ,H, where

(an/|x) = nGx + on - nOxs X =0,1,5...,80,
(oles/las) = ,Gas + Hss . 85, (4.43)
and where each of the 19 straight lines is fitted from the two points corresponding to the abridged life tables

for 1962 and 1987. For example, for age group 5 to 10, ¢Ls, ls, and 5qs are 484,912, 97100, and .00225541
for 1962 and 493,611, 98788, and .00122485 for 1987. Therefore,

sHs = [(484912/97100) — (493611 /98788)] / (.00225541 —.00122485)
=—2.6444, (4.44)
and
5Gs= (484912/97100) 42.6444x,00225541=4.9999 .
Again, for solving the last equation in (4.43), we have _Lgs, lss, and g50, equal to 88,325, 19101, and
.80899 for 1962 and 183,453, 30220, and .69780 for 1987. Therefore,

»Has = [(88325/19101) — (183453 /30220)]/ (.80899—.69780) (4.45)
=—13.0091,
and

«Ces= (88325 /19101) +13.0091 x.80899=15.1483 .

it is evident from (4.39) and from the formulas for six vector-factors similar to (3.45) that we need to
compute the expectation of life at birth for 2° combinations of the vector-factors for the two years. These
computations for a particular combination may proceed as follows:

,=1.0,
8 ;
nGx = [21"qx(') » nbx = h(nGx+ nHx . nGx) »

|x+n = lx(1 - nq)() y X = 0n1:51"-n80 '
coL85 = IBS[@G85+ wH85(1 _I85)] K (4'46)
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Table 4.11. Expectation of Life at Birth (e,) as a Function of Six Vector-Factors: United States,
Total, 1962 and 1987 .
Other dis- Diseases A
; eases of of respira- ccidents
Age interval Diseases | circulatory tory sys- (EB00- ht line
{x to x+n) of heart' system | Neoplasms tem E999)| Residual Straig
s G G B 3 0@
1962 (population 1) nCx

A B ] D E F
L1 8 (o 2 .000067 .000008 .000092 002767 000926 021391 1.0004
I (¢ X .000042 .000006 .000404 .000688 001231 001476 4.0003
Bto10.. e .000043 .000005 .000414 .000178 .000823 000693 4.9999
10t015... .., .000061 .000011 000340 .000129 000968 000617 5.0013
151020, .. .ciiiiiiiiiiiiiiennnen. .000122 000032 .000415 000155 002789 000831 5.0068
20t025...... i .000248 .000070 .000488 .000173 .003960 001180 49804
251030, ...ttt 000454 000109 .000720 .000221 003312 001602 4.9846
B0t035......iiiiiiiiiiiinen, 001010 .000173 001256 000265 003163 002192 4,9956
351040.......ccvvivviininiennnn, .002386 .000286 .002222 000449 003198 003253 4.9983
401045, ... .0ttt 004994 .000407 .003905 000858 .003350 004654 5.0003
451050.......iiiii it .009531 .000631 .006811 000098 003625 006940 5.0016
B0to55.. ... 017209 001011 011176 001615 004022 010228 5.0010"
B5t060.........cciiviiiiiniiinnn, 027175 001568 016085 .002609 004120 014418 5.0023
B0t0B5.......0iiiiiiiiie e .043154 002850 .023030 004191 004429 021757 5.0095
651070, .. .cciiiiiiiiiiiiin, .066734 .005040 .031189 006720 004839 033789 5.0049
£ £ T .095732 .008388 .037083 .009641 005880 .050108 5.0102
751080, .. .ccciiiiiiiiiiieiininan, .140593 014886 043462 014269 .008150 077066 5.0483
80t0B5... ...t .205785 .028057 .049336 .022368 012817 117353 5.1383
L - - - - - - 15.1483

1987 (population 2) aHx .

a b c d e t
L ¢ T .000250 .000049 .000042 .000324 000337 009107 -0.8989
LI (< X -2 .000087 000019 000164 000117 000805 000738 -2.4973
Bto10.. .t 000043 .000013 .000194 .000043 000635 000297 -2.6444
101015, ..ttt .000052 .000017 .000161 000052 .000803 000242 { -2.9417
151020, ...ccvviniiniiniinnnnnn.. .000105 .000027 .000231 000074 003341 000423 -3.8883
201025, .. et .000169 .000066 .000300 000096 .004284 000741 -2.3457
251030.... .00 iiiiiiii i 000288 .000114 000465 000129 003728 .001283 ~-1.6032
301035, ... ittt 000557 .000189 000820 000204 003336 002186 -1.8383"
351040, ...ttt .001169 .000352 001584 .000301 .003128 002814 -2.2804
401045.......iiiiiiiiiee e .002517 000603 002968 000413 002781 003070 -2.3455
451050..... .00ttt .004949 .000987 . .005801 .000684 002724 003843 -2.3983
B0to56. ... ..ottt 009167 .001703 010753 001331 002683 005110 -2.3768
B5t060.......cviiiiiiiieinnn,s .015050 .002655 017474 .002504 .002780 006882 -2.4042
B0toB5........ciiiiiiiiie 024774 .004722 026434 .004935 002031 009768 -2.4935
B5t070.. ... .., 037764 .007857 035297 008276 003129 013547 -2.4388
£ o2 4 T .0569333 .014468 046072 014341 .003904 020403 ~-2.4771
758080....cciiiiiiiiieninirininn,s .090378 .025200 054446 .022443 005236 031492 -2.6499
80toB5.......ciiiiiiiiiieiieias .143481 045047 .061850 033924 007245 048208 ~2.8923
B85t . e - - - - - - ~-13.0091
o
€ =Rt R, (1962) = 70.035, R, (1987) = 74.963

Codes 390-398, 402, 404-429,

Source: National Center for Health Statistics (1964, tables 1-23, 5-1; 1990b, tables 1-26, 6-1).
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Table 4.12. Standardization and Decomposition of Expectations of Life at Birth in Table 4.11

Standardization Decomposition

Expectation of life at birth Percent
1987 1962 Difference distribution

(population 2) (population 1) (effects) of effects

By5a; -standardized expectations 73.587 71.315 2272 (9) 48.1
@yber -standardized expectations 72.321 72,649 -328 (B) -6.6
apBben -standardized expectations 72.405 72.562 -157 (%) -3.2
E—-yen -standardized expectations 72.530 72.427 103 (5) 2.1
@By -standardized expectations 72.585 72.353 232 (9 47
apyde -standardized expectations 73.853 71.047 2.808 () 56.9
Overall expectation of life at birth (R) 74.963 70.035 4,928 100.0

- (Total effect)

| The results of the standardization and decomposition of the expectations of life at birth in table 4.11 are
shown in table 4.12. The expectations of life at birth were 70.035 in 1962 and 74.963 in 1987, the total

p
increase in e, during the 25-year period being 4.928. If the mortality rates from the diseases of the heart
differed as they did in 1962 and 1987, and those from all other causes of death were identical in the two

o]
years, then the e,’s in 1962 and 1987 would be 71.315 and 73.587, respectively, showing an increase of

2.272. In other words, 46.1 percent of the increase in the go during the 25-year period can be attributed to
the decline in the mortality rates from the diseases of the heart. On the other hand, other diseases of the

» - ° . » H
circulatory system and neoplasms had negative effects on the increase in the e,; i.e., without changes in

the other four cause-of-death categories, the go in 1987 would have been lower than that in 1962.

.The techniques in Examples 4.5 and 4.6 can be easily combined to handle both age groups and causes
-of death simultaneously, as Pollard did. His results on the Australian data are not directly comparable with
ours.

Program 4.6

The results in table 4.12 can be obtained by using Program 4.6 in which V(I,J,K)’s in line 2 are the data
from table 4.11 corresponding to | = 1,2 (1962 and 1987); J = 1,6 (&,B,7, 6, ¢ and 7 ); and K = 1,18 (18
age groups 0 to 1, 1 to 5,..., 80 to 85). A(K)’s and B(K)’s in line 4 of the program are 19 pairs of straight
line parameters ,G,’s and ,H,’s given in table 4.11. The data file, therefore, consists of 55 lines: lines 1
through 18 are for ,q," values for 1962 corresponding to 18 age groups, each line having six such values
for six cause-of-death categories; lines 19 through 36 give the same data for 1987; and lines 37 through
55 are for 19 straight line parameters for the 19 age groups, each line having two values. The formats for
these data inputs are given in lines 3 and 5 of the program. Program 4.6 is basically the same as Program
3.4 for six factors in chapter 3 except that it has two additional lines (lines 4,5) for data input and six
additional lines (lines 16 through 21) for the computation of the rate R (i.e., H in the program), as shown
in the equations in (4.46). Program 4.6 is, therefore, eight lines longer than Program 3.4.

4.7 P VECTOR-FACTORS AND THE GENERAL PROGRAM
When there are P vector-factors so that
R =F(d1,az,....ap) , (4.47)

and in the two populations,

R1 = F(Khzg,....xp), Hg =F(§1,§2,...,§p) ’ (448)
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then the standardized rates and the factor effects have the same expressions as those in (3.51) through
(3.54) except that the scalars have to be replaced by their corresponding vectors.

The general program for up to 10 factors (Program 2.3) given in section 2.8 can also be used for any
number of factors up to 10 for the standardization and decomposition problems in chapter 4 (i.e., when !he
rate is a function of vector-factors). The only changes needed in Program 2.3 are in the dimension
statement in line 1, the input statement and format in lines 2 and 3, the output statement and format in lines
42 and 43, and in the expression for the rate in lines 18 and 189. In particular, the computation of the rate
may take several lines in the program because of more involved data. We show below the specific changes
in Program 2.3 that will be needed to generate the results in tables 4.2, 4.4, 4.6, 4.8, 4.10, and 4.12
corresponding to Examples 4.1 through 4.6 in this chapter. As before, no changes are needed in the data
files previously created to be used with the specific programs.

Example 4.1 (two factors)

Line 1: Replace P(2,10) by V(2,10,500)
Lines 2,3: Replace by lines 2,3 in Program 4.1
Lines 18,19: Replace by lines 9-21 in Program 4.1
Lines 42,43: Replace 10 by 2 and 15.3 by 15.5

Example 4.2 (two factors)

Line 1: Replace P(2,10) by V(2,10,500)
Lines 2,3: Replace by lines 2,3 in Program 4.2
Lines 18,19: Replace by lines 9-16 in Program 4.2
Lines 42,43: Replace 10 by 2

Example 4.3 (three factors)

Line 1: Replace P(2,10) by V(2,10,500)

Lines 2,3: Replace by lines 2,3 in Program 4.3
Lines 18,19: Replace by lines 11-18 in Program 4.3
Lines 42,43: Replace 10 by 3 and 15.3 by 15.2

Example 4.4 (four factors)

Line1: ' Replace P(2,10) by V(2,10,500)

Lines 2,3: Replace by lines 2,3 in Program 4.4
Lines 18,19: Replace by lines 12-17 in Program 4.4
Lines 42,43: Replace 10 by 4 and 15.3 by 15.5

Example 4.5 (five factors)

Line 1: Replace P(2,10) by V(2,10,500) and add Q(110)
Lines 2,3: Replace by lines 2,3 in Program 4.5

Lines 18,19: Replace by lines 13-24 in Program 4.5

Lines 42,43: Replace 10 by 5

Example 4.6 (six factors)

Line 1: Replace P(2,10) by V(2,10,500) and add A(19), B(19)
Lines 2,3: Replace by lines 2-5 in Program 4.6

Lines 18,19: Replace by lines 16-22 in Program 4.6

Lines 42,43: Replace 10 by 6
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Chapter 5. Rate From Cross-Classified Data

5.1 INTRODUCTION

Most of the papers on standardization and decomposition published so far deal with the case in which
the techniques are performed on cross-classified data involving one or more factors. For example, Liao
(1989) decomposed the difference between two crude death rates into the effects of age and race
(Example 5.3). Sweet (1984) studied the growth of households as a result of the changes in age and marital
status composition (Example 5.6). Again, Wilson (1988) decomposed the difference in the mobility rates in
terms of age and education (Example 5.7).

Unlike the situations in the preceding chapters, the decomposition in the case of cross-classified data
involves an additional effect, namely, the effect of the differences in the cell-specific rates, called the
rate-effect. In other words, if the cross-classification involves, say, three factors, namely, age (I), sex {J),
and marital status (K), then the decomposition generates four additive effects: the age (1)-effect, the sex
(J)-effect, the marital status (K)-effect, and the rate (R)-effect. The most crucial part in the development of
decomposition technique in this case is expressing the proportion of population in a cell in the
cross-classification in terms of the product of a number of symmetrical expressions (equal to the number
of factors) that represent the factors involved, as in equation (5.7) for two factors and in equation (5.15) for
three factors.

6.2 THE CASE OF ONE FACTOR

When there is only one factor |, N, and T; are the number of persons and the rate for the ith category
of | in population 1, N. and T. being the corresponding total number of persons and the crude rate. For
population 2, analogous symbols are used with lower-case letters n and t.

The crude rates can be expressed as

TiN; tny
N = 3" 5.1
T. ;N., t. ?n.' (5.1)
Writing
N n
ﬁ=A" #:a,, (5.2)

it follows from Das Gupta (1991, formula 18) that
t.—T. =R (rate)-effect + l-effect
= [R(h ~RM] + [I@) —I(A)],
where ,
R(T) =I|-standardized rate in population 1
Ny N;

+
- ? n. N. Tl: (5_3)‘

2
I(A) =R-standardized rate in population 1
i+ Ti

=3 ——A, (5.4)
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and R(t) and | () have the same expressions as those in (5.3) and (5.4), respectively, with T; in (5.3)
replaced by t, and A, in (5.4) replaced by a,.

It is clear from the discussions in section 4.2 that the present case can also be treated as a case of two
vector-factors, the vectors in (4.4) being

— N; Ny =

A= (N— ’E"-‘) » B=(T4,Ta..) (65)
_ Ny Ny .

a= (?f 'ﬁf"") » b= (tta..)

so that the rates in (4.3) are
Ry =T.=F(AB), R,=t. =F(@h) .

Exampie 5.1

The data in table 5.1 are taken from Santi (1989) where the percentage distribution of population and
household headship rates by age groups are given for 1970 and 1985 for the United States. The headship
rates are 44.727 and 47.694 for 1970 and 1985, respectively, the difference between them being 2.967.
Table 5.2 shows that if the age-specific headship rates varied as they did in 1970 and 1985, but the age
structures of the populations were identical in the two years, then the headship rates in 1970 and 1985
would be, respectively, 45.331 and 47.071, giving a difference of 1.740. In other words, 41.4 percent of the
total difference between the headship rates in 1970 and 1985 is due to the difference in the age structures
of the populations in the two years. The remaining 58.6 percent of the difference is the so-called “real”
difference (i.e., the effect of the difference in the age-specific headship rates). We will discuss this problem
again in Example 6.2 (tables 6.3 and 6.4) to compare Santi’s results with ours when four populations for
the four years 1970, 1975, 1980, and 1985 are considered simultaneously.

Table 5.1. Population Sizes (Percents) and Household Headship Rates per 100 by Age Groups:
United States, 1970 and 1985

1970 (population 1) 1985 (population 2)

Age groups i Size Rate Size Rate

N T; n %
15t019......ceenen.a.. 12.9 1.9 10.1 22
20t024.........ccnnaen. 10.9 258 11.2 24.3
251029..........0000nuenn 9.5 457 116 45.8
30t0o 34...... 8.0 49.6 10.9 52.5
3510 39...... 7.8 51.2 9.4 56.1
40to44...... 8.4 51.6 7.7 55.6
4510 49...... 8.6 51.8 6.3 56.0
50to 54...... 7.8 54.9 6.0 574
55t059......0000iininnnn 7.0 58.7 6.3 67.2
60to64.............cuun 5.9 60.4 5.9 61.2
65t069............000un 4.7 62.8 5.1 63.9
70t074.........ccvuunen 3.6 66.6 4.0 68.6
£ 4.9 66.8 5.5 72.2
Allages................... 100.0 44.727 100.0 47.694

Source: Santi (1989), table 1.

Program 5.1

The resuits in table 5.2 can be obtained by using Program 5.1 in which P(l,J)’s are N;'s and n/’s, and
T(l,J)'s are T{’s and t;’s in table 5.1. In other words, the data file consists of four lines corresponding to the
data in the last four columns in table 5.1 in the same order, each line having 13 numbers with the format
specified in line 4 of the program. The four standardized rates in table 5.2 are given by ER(J)’s and S(J)’s
in lines 17 and 18 of the program. The two effects in table 5.2 are denoted by ERR and U in lines 20 and
21 of the program.
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Table 5.2. Standardization and Decomposition of Household-Headship Rates in Table 5.1

Standardization Decomposition

Household headship rates Percent

1985 1970 Difference distribution

(population 2) (population 1) (effects) of effects

R (rate)-standardized headship rates 46.815 45.588 1.227 414
(I=age)

| (age)-standardized headship rates 47.071 45.331 1.740 58.6
(R=rate)

Overall headship rates 47.694 44,727 2.967 100.0
(Total effect)

Alternatively, in view of (5.5), we can also use Program 4.2 and the same data file to obtain the results
in table 5.1. The only changes needed in Program 4.2 are as follows:

Lines 1,2: Replace 480 by 13

Line 3: Replace 8F10.7 by 13F5.1

Lines 9-16: Replace by the following three lines:
H = 0.0
DO 7 K1 = 1,13
7 H = H+V(,1,K1)*V({J,2,K1)/100.

Example 5.2

We consider another one-factor data from Clogg and Eliason (1988) in table 5.3 where the percent
desiring more children is compared for two groups of women: parity 1 and parity 4+. The women and the
percentage of them desiring more children are given by age groups. The issue here is how to eliminate the
effect of the difference in the age structures in the two parity groups from the overall difference in the
percents desiring more children. Of the women with parity 1, 72.093 percent desire more children, whereas
the corresponding percentage for women with parity 4+ is only 11.489, producing a difference of 60.604
in these percentages. Table 5.4 shows that if the age structures of the women in the two groups were held
constant and the age-specific percents desiring more children were allowed to vary as they did in the two
parity groups, the overall percents desiring more children would be 55.849 and 18.317, giving a difference
of 37.532 as the rate effect. In other words, 38.1 percent of the difference in the desires in the two parity
groups is explained by the difference in their age structures. This problem will be taken up again in Example
6.3 (tables 6.5 and 6.6) to compare our results with those of Clogg and Eliason when four parity groups are
treated simultaneously.

We can use Program 5.1 to obtain the results in table 5.4 if the following changes are made in the
program:
1. Replace the number of age groups 13 by 5 throughout the program.
2. For the same reason, replace 14 by 6 throughout the program.
3. Replace 13F5.1 in'line 4 by 5F8.0/5F8.3 .
The data file, again, should be made in four lines corresponding to the last four columns in table 5.3 in the

same order, each line having five numbers with the format for each of the two pairs of lines as specified
in (3) above.
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Table 5.3. Population Size and Percent Deslrln? More Children (Rate) by Age Groups for Parity 1
' and Parity 4+ Women: 1970 National Fertility Survey |
Parity 4+ (population 1) Parity 1 (population 2)

Age groups i : Size Rate Size " Rate

N, Ti 4 t
201024, 00t L IR 27 37.037 363 90.083
251029, 000t 2 i 152 19,079 208 76.923
301034, ... it B 224 15.179 96 56.250
351039 0iiiiiinnnns B e 239 5.021 59 20.339
401t044..........ccounnnnnn. B it 211 6.161 48 10.417
Alages.......ooovveinnnnnn. i=. i, 853 11.489 774 72.093

Source: Clogg and Eliason (1988), table 1.

Table 5.4. Standardization and Decomposition of Percents Desiring More Children in Table 5.3

Standardization Decomposition
Percents desiring more children ] Pprcent
Parity 1 Parity 4+ Difference distribution
(population 2) (population 1) (effects) of effects
R (rate)-standardized percents 48.619 | 25.547 23.072 38.1
(I=age)
| (age)-standardized percents 55.849 18.317 37.632 61.9
. , : (R=rate)
' Overall percents desiring more children 72.093 11.489 60.604 100.0
b . (Total effect)

Alternatively, as in the case of Example 5.1, we can also use Program 4.2 to obtain the results in table
. 5.4 by making the following changes in Program 4.2:

Line 1: Replace 480 by 5 and add VV(2)
; Line 2: Replace 480 by 5
Line 3: Replace 8F10.7 by 5F8.0/5F8.3
| Line 6: Add the following two lines for the two totals after line 6:
V(1) = 853.
W(2) = 774.
Lines 9-16: Replace by the following three lines:
| H=00
DO7K1 =15

| 7 H = H+V(,1,K1)*V({J,2,K1)/VV())

6.3 THE CASE OF TWO FACTORS

When there are two factors | and J, N; and Tll are the number of persons and the rate for the
; (i.j)-category in- population 1; N, and T; are the number of persons and the rate for the ith category of I, and
N; and T are the corresponding number of persons and the rate for the jth category of J. As before, N_
and T are the total number of persons and the crude rate. Analogous symbols are used for population 2
' . with lower-case letters n and t.

| The crude rates can be expressed as

zTan[ _ zﬁiﬂ .

5.6
| S b= 3o (5.6)
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Wiriting
1 1
Ny (Nu NL)E (Nn N-I)E
(S e (31 e A 5.7)
N. \N;'N/ "\N'N, =l ¢
1 1
ﬂ_(ﬂ i‘k)i (ﬂ [‘;1)5=ab
n. \n;"n/ "\n n, (e

we notice that the two ratios in A; and a; represent only the I-effect, and the two ratios in By and b
represent only the J-effect.

It follows from equations (19) and (21) in Das Gupta (1991) that
t.—T.. = R-effect + l-effect +J-effect (5.8)

= [RO—-RM] + [I@—IA)] + [J(B) — J(B)],

where

R(T) =(l,J)-standardized rate in population 1

no N
n.. N.
= Ty (5.9)
Pz
I(A) = (J,R)-standardized rate in population 1
t+ Ty bytBy
—y 4T v ¥ 5.10
% ) ) A|| s ( )
J(B) = (I,R)-standardized rate in population 1
b+ Ty agtAy
s a1 A4 5.11
% 2 2 B(I } ( )

and R(b), I(a), and J(b) for population 2 have the same expressions as those in (5.9) through (5.11),
respectively, with Ty in (5.9) replaced by t;, A; in (5.10) replaced by a, and B in (5.11) replaced by by

We note here that I(A) and J(B) can also be written as

- 4T
(A =3 -“—E—" [Expression (2.3) with subscripts ij in each letter] , (5.12)
iff
= 4+ Ty . , o 13
JB) =3 2 [Expression (2.5) with subscripts ij in each letter] . (5.13)
L

Unlike the hierarchical approaches by Cho and Retherford (1973) and Kim and Strobino (1984), the
effects of the factors in the decomposition (5.8) remain unchanged irrespective of which one of the factors
is regarded as | and which one as J. In other words, the treatment of the factors | and J is symmetrical
in the present approach.

Example 5.3

Table 5.5 is from Liao (1989), which shows the cross-classification of the population and the death rates
by age and race for the United States for the years 1970 and 1985. The standardization and decomposition
of the crude death rates from these data are shown in table 5.6. The crude death rate for 1970 was .686
point higher than that for 1985. However, if only the age structures of the populations differed as they did
in the two years but the race structures and the age-race-specific death rates were identical in 1970 and
1985, then the overall death rate in 1985 would be 1.522 points higher than that for 1970. The differences
in the age and race structures in 1970 and 1985 dampened the difference between the crude death rates
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in these two years. If the rates were standardized with respect to both age (1) and race (J), the difference
between the standardized rates would be as high as 2.228. Table 2 in Liao’s paper showed four sets of
widely different decompositions for these data using the modeling approach, each set involving an
interaction term. The results from only the marginal CG method (namely, -1.57, -0.06, and 2.23 for the |,
J, and R effects and 0.08 for the interaction effect) are comparable to our decomposition in table 5.6. There
is a discussion in chapter 1 that it is unnecessary to complicate the model by including the interaction

effects.

Table 5.5. Population (in thousands) and Death Rates (per 1,000 Population) by Age and Race:.
United States, 1970 and 1985

1985 (population 1) 1970 (population 2)
Race -
i Age Size Rate Size Rate
i Ny Ty ny Y
s Y 3,041 9.163 2,968 18.489
T it ittt i e, S A 11,577 0.462 11,484 0.751
T i i e e, < 27,450 0.248 34,614 0.391
S A ittt e, 32,711 0.929 30,992 1.146
T < 2 35,480 1.084 21,983 1.287
I L 2 27,411 1.810 20,314 2.672
1L P 2 19,655 4,715 20,928 6.636
R - 2 19,795 12.187 16,897 15.691
T ittt e e rar e < 15,2564 27.728 11,339 34.723
Tttt 10 ittt i 8,022 64.068 5,720 79.763
R RETEEE 1 2,472 1567.570 1,315 176.837
2 i ittt e e 707 17.208 535 36.993
2 ittt iret it iean e 2. 2,692 0.738 2,162 1.352
2 ittt e < A 6,473 0.328 6,120 0.541
2 ittt raeanas L 6,841 1.103 4,781 2.040
e B it eie e 6,547 2.045 3,086 3.523
2 i i tiitiriaeieraeanans 2 4,352 3.724 2,718 6.746
2 i, 2 3,034 8.052 2,363 12.967
2 ittt - 2,540 17.812 1,767 24471
2 e it e it i, L 1,749 34.128 1,149 45,091
2 i ittt 10 . i eeine 804 68.276 448 74.902
- B 236 125.161 117 123.205
= s = i 238,743 8.736 203,810 9.422
Source: Liao (1989), table 1. Age i = 1, 2,.., 11 comespdnd to less than 1, 1-4, 5-14, 15-24, ..., 75-84, 85+, Race | = 1, 2
correspond to White and non-White.
Tabfe 5.6. Standardization and Decomposition of Crude Death Rates in Table 5.5
Standardization Decomposition
Death rates per 1,000 population Percent
1970 1985 Difference distribution
(population 2) (population 1) (effects) of effects
(J,R)-standardized rates 8.385 9.907 -1.522 () -221.9
(I,R)-standardized rates 9.136 9.156 -0.020 (J) -2.9
(1,J)-standardized rates 10.258 8.030 2.228 (R) 324.8
Crude death rates - 9.422 8.736 0.686 100.0
(Total effect)

Program 5.2

The results in table 5.6 can be obtained by using Program 5.2 in which P(1,J,K)’s are Ny's and n;’s, and.
T(LJ,K)’s are Ty’s and t;'s in table 5.5. The data file consists of eight lines corresponding to the data in the
last four columns in table 5.5 in the same order—two lines of 11 numbers for each column—with the format
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specified in line 4 of the program. The six standardized rates in table 5.6 are given by ER(K)'s and S(1,J)’s
in lines 22 and 51 of the program. The three effects in table 5.6 are denoted by ERR and U(J)’s in lines
24 and 52 of the program.

Example 5.4

Kitagawa (1955) used the data in table 5.7 to decompose the difference between the job mobility rates
(i.e., mean number of jobs held) in Los Angeles and Philadelphia in terms of the effects of time spent in
the labor force and migrant status. The overall job mobility rates in Los Angeles and Philadelphia were
3.145 and 2.379, respectively, producing a difference of .766. Table 5.8 decomposes this total difference’
into .024 as the | (time spent in the labor force)-effect, .330 as the J (migrant status)-effect, and .412 as
the R (rate)-effect. Thus, the factors | and J together explain 46.2 percent of the difference between the
job mobility rates in Los Angeles and Philadelphia. These results are not very different from the
decomposition in table 1 in Kitagawa’s paper except that she attributed 7 percent of the total difference to
the interaction between | and J (which she called Joint IJ). This 7 percent is distributed equally between
the | and J effects in table 5.8.

We can use Program 5.2 to obtain the results in table 5.8 if the following changes are made in the
program:

1. Replace the number of age groups 11 by the number of categories 3 in the time spent in the labor
force, throughout the program.

2. For the same reason, replace 12 by 4 throughout the program.
3. Replace the format in line 4 by 6F5.0/6F5.2 .
The data file should be made in four lines corresponding to the last four columns in table 5.7 in the same

order, each line having six numbers with the format for each of the two pairs of lines as specified in (3)
above.

Table 5.7. Population Size (Percents) and Job Mobility Rates (Mean Number of Jobs Held) by
wgra?; Statu? 9a“t';,d Time Spent in the Labor Force: Philadelphia and Los Angeles,
en, 1940 to

Philadelphia (population 1) Los Angeles (population 2)

Migrant status Time in
i labor force Size Rate Size Rate

i Nﬂ Tu Ny tﬂ
T e L 1 2.29 6 2.89
LS 2 et 4 3.43 17 4.07
L < 8 3.15 24 3.79
2 e it ee e, 1 PN 6 2.45 5 292
- 2 ettt iii it 22 3.23 13 3.49
2 i et < 59 1.88 35 - 220
=+ i=. 100 2.379 100 3.145

Source: Kitagawa (1955), table 1. Time in labor force i = 1,2,3 correspond to less than 5 years, 5 but less than 9.5 years, 9.5 to
10 years. Migrant status | = 1,2 correspond to migrants, nonmigrants.

Example 5.5

Another two-factor case is presented in tables 5.9 and 5.10 to study the effects of birth weights (I) and
age of mother (J) on the difference between the neonatal mortality rates for White and non-White live births
in 1960. Kim and Strobino (1984) used a different set of data to study the same problem. However, as
mentioned earlier in this section, they used a hierarchical approach (as opposed to the symmetrical
approach presented here) in the treatment of the two factors. They decomposed the combined effect of
the two factors into the effect of age of mother and the effect of birth weight within age of mother. The
same hierarchical approach can also be used to decompose the combined effect of the two factors into
the effect of birth weight and the effect of age of mother within birth weight. in general, these two
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Table 5.8. Standardization and Decomposition of Job Mobility Rates in Table 5.7

Standardization Decomposition
Job mobility rates Percent
Los Angeles Philadelphia Difference | . distribution
(population 2) (population 1) (effects) of effects
(J,R)-standardized rates 2.749 2.725 024 () 3.1
(I,R)-standardized rates , 2.902 2572 330 (J) 43.1
(1.J)-standardized rates 2.940 . 2528 412 (R) . 538
Overall job mobility rates ' 3.145 2.379 .766 100.0
(Total effect) .

alternative ordering of the two factors will lead to two.different sets of results, whereas the symmetrical
approach produces a unique set of results. We apply this approach to the data in table 5.9, and the results
are shown in table 5.10. The crude neonatal mortality rate for non-Whites is 8.91 points higher than that
for Whites. It is interesting to note that when the rates are standardized with respect to both age of mother
and birth weight, the White rate becomes higher than the non-White rate by 1.50 points. The effects of birth
weight (I) and age of mother (J) are, respectively, 10.19 and 0.22, suggesting that unfavorable distribution
of birth weight for non-Whites is primarily responsible for the significant difference in the neonatal mortalifty
rates between Whites and non-Whites, and that age of mother is only marginally important in explaining
this difference.

We can use Program 5.2 to obtain the results in table 5.10 if the following changes are made in the
program:
1. Replace the number of age groups 11 by the number of birth weight categories 10, throughout the
program.
2. For the same reason, replace 12 by 11 throughout the program.

3. Replace the number of race categories 2 by the number of age groups of mother 7, throughout the
program. ‘

4. For the same reason, replace 3 by 8 throughout the program.
5. Replace lines 3 and 4 by the following four lines:

READ (5, 2) ((P(1,J,K), 1=1,10),J=1,7)

1 READ (5,17) ((T(1,J,K), 1=1,10),J=1,7)
2 FORMAT (10F8.0)
17 FORMAT (10F8.2)

6. Replace 15.3 in line 55 by 15.2 .

The data file should be made in 28 lines with the data in the last four columns in table 5.9 in the same order,
each column occupying seven lines of 10 numbers. The formats of the numbers should be according to the
specifications in (5) above.

Two more examples of two-factor decomposition from cross-classified data are the study by Gibson
(1976) of the contributions of changes in marital status and marital fertility to the decline in the U.S. fertility
during 1961-1975, and the research by Hernandez (1984) on the relationship between the decline in the
birth rates in the developing countries and the corresponding changes in age-sex composition and marital
status composition.

5.4 THE CASE OF THREE FACTORS

‘Using symbols analogous to those in the preceding sectlons we can write the crude rates in population
1 and population 2 as

TN tyn j
To= 30 4 =S (5.14)
Lk N... Lk Nase :
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Table 5.9. Single Live Births and Neonatal Mortality Rates (per 1,000 Live Births), by Age of

Mother and Birth Weight: White and Non-White, 1960

White ulation 1 Non-White ulation 2

Age of mother Birth weight (population 1) hite (population 2)
] i Live births Rate Live births Rate
Ny Ty ny t
2258 899.47 1494 852.07
3065 607.50 1851 463.53
6626 232.87 3666 131.48
22769 44.36 13043 27.22
86436 8.73 39304 8.98
184474 3.74 49181 6.28
119071 3.43 18679 7.71
26892 3.53 3225 12.71
3351 6.86 637 6.28
244 20.49 62 64.52
4461 899.57 1732 886.84
5383 576.63 1948 448.67
117983 228.19 4096 149.90
47905 46.30 16477 29.20
212061 9.15 53818 7.66
481385 3.93 79255 5.61
337526 2.88 36723 4.96
85994 3.37 7701 7.66
12802 5.62 1397 15.03
1180 13.56 157 31.85
3500 944.86 1215 889.71
3674 553.35 1302 413.21
8033 217.23 2551 132.50
34133 47.46 9778 32.62
152928 10.09 34454 8.65
355446 4,16 56245 6.26
271301 2.99 31039 5.12
78027 3.11 7739 9.05
14134 5.80 1648 10.92
1728 15.05 223 35.87
2493 911.75 825 876.36
2444 545.42 826 406.78
5586 200.32 1795 132.59
22080 49.68 6431 35.45
91004 11.65 20650 11.23
209931 4.9 35030 6.88
171323 3.49 21873 8.14
55454 3.50 6333 10.26
11603 6.98 1633 10.41
1606 21.79 312 41.67
1293 936.58 368 855.98
1469 492.85 410 431.71
3360 192.26 952 138.66
12309 55.89 3327 38.17
45476 12.69 10399 14.23
104558 5.83 17520 8.22
90093 4.14 12045 9.88
31815 4,71 3849 13.561
72905 6.72 1242 16.91
1194 22.61 222 40.54
316 936.71 71 915.49
423 468.09 100 400.00
959 212.72 252 146.83
3539 64.42 878 56.95
11570 17.46 2656 19.20
25515 9.05 4294 12.34
22477 6.32 3253 10.45
8829 6.68 1164 13.75
2183 9.16 419 16.71
419 16.71 87 45.98




R A A o

CHAPTER 5

STANDARDIZATION AND DECOMPOSITION OF RATES 65

Table 5.9. Single Live Births and Neonatal Mortality Rates (per 1,000 Live Births), by Age of
Mother and Birth Weight: White and Non-White, 1960—Continued

White (population 1) Non-White (population 2)

Age of mother Birth weight -
i ; Live births Rate Live births Rate
Ny Ty ny Y
1 24 708.33 4 1000.00
2 30 533.33 12 333.33
3 69 246.38 20 .00
4 221 117.65 81 74.07
5 590 32.20 181 27.62
.16 1414 12.02 203 10.24
47 1204 9.14 226 13.27
.18 477 6.29 90 22.22
.19 113 .00 35 28.57
10 24 .00 6 .00
= i, i= 3,531,362 16.32 639,804 24.23

Source: National Center for Health Statistics (1972), tables 5 and 6. Birth weighti = 1, 2, 3, ..., 9, 10 correspond to (in grams) 1000
and less, 1001-1500, 1501-2000, ..., 4601-5000, 5001 and above. Age of mother j = 1, 2, ...,6, 7 correspond to under 20, 20-24, ...,

40-44, 45 and over.

Table 5.10. Standardization and Decomposition of Neonatal Mortality Rates in Table 5.9

Standardization Decomposition
Neonatal mortality rates Percent
Non-White White Difference distribution
(population 2) (population 1) (effects) of effects
(J,R)-standardized rates 25.56 16.37 10.19 () 114.4
(1,R)-standardized rates 20.57 20.35 022 () 25
(1,J)-standardized rates 19.76 21.26 -1.50 (R) -16.9
Overall neonatal mortality rates 24,23 15.32 8.91 100.0
(Total effect)
As shown in equation (22) in Das Gupta (1991), we express the cell proportions as
N
Nﬂ!‘. = AyBiy Ci (5.15)
where
1 1 1
e (F. (5 . (¥
AN NG TN TN
1 1 1
By = (ﬂ“—"f (ﬁl N-”‘)E (ﬁ‘.)"a' (5.16)
AN TN T NS TN
1 1 1
Gy = (ﬂk)a (["J-_" '_“;n:)s (N_s)a
AN AN NG AN

Equations (5.16) are derived in section A.3 in appendix A. ng/n_ is similarly expressed in.terms of

lower-case letters a, b, ¢, and n.

As in (5.8) through (5.13), we can write

t...—T... = R-effect 4+ l-effect + J-effect + K-effect _
= [R() —R(M] + [1@) —I(A)] + [V(B)—J(B)] + [K(@©)-K(O)],

(5.17)
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where ‘

R(T) = (l,J,K)-standardized rate in population 1

% N

=3 o N N T (5.18)
Lk

I(A) = (J,K,R)-standardized rate in population 1
=S tﬂk+TI]k [bllkcﬂk+ ByCix + bi]kCuk-l- BixCi
'] k
=y — tﬂ
ihk
J(B) = (I,K,R)-standardized rate in population 1

t+Ti JapCix+ApCie  @Cix+ Ay
=3 + Bix
ik 2 3 6

tl[k+ ik

] A

k+ LI [Expression (2.13) with subscripts ijk in each leiter] , (5.19)

= 3 ——— [Expression (2.15) with subscripts ijk in each letter] , (5.20)

ik
K(C) = (1,J,R)-standardized rate in population 1

=S tm<+Tuk [aqkbqk+ AyBix + aﬂkBl]k+Allkbllk
ik

| on

tik+le
_ 3t T
ik

[Expression (2.17) with subscripts ijk in each letter] . (5.21)

R, 1(@), J(D), and K(T) for population 2 have the same expressions as those in (5.18) through (5.21),
respectively, with Ty, in (5.18) replaced by ti Ay in (5.19) replaced by ay,, By in (5.20) replaced by by,
and Cy in (5.21) replaced by cy.

Example 5.6

Table 5.11 shows a three-factor cross-classification of the population and the household headship rates
by age (I), marital status (J), and sex (K) for the United States, 1970 and 1980. Sweet (1984) considered
similar data to study the components of change in the number of households during the decade. Since our
present example deals with the change in the household headship rate,! the two sets of results are ngt
comparable. The overall headship rate increased by 4.39 points during 1970-1980. However, as shown in
table 5.12, if the age-marital status-sex distributions were identical in the two years, this increase would
have been 3.81. The headship rate in 1980 would be only .49 point2 higher than that in 1970 if the age
structures differed as they did in 1970 and 1980 but if everything else (namely, marital status, sex, and the
cell-specific headship rates) were identical in the two years. The differences in age, marital status, and sex
structures explain only 13.2 percent of the difference in the household headship rates in 1970 and 1980.

Beginning with the 1980 CPS, the Bureau of the Census discontinued the use of the term “head of household” and started using

the term “housshoider,” instead.
2Not significant at 90-percent level.
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Table 5.11. Population and Household Headship Rates per 100 Persons, by Age, Sex, and Marital
Status: United States, 1970 and 1980

(Population in thousands)

1970 ulation 1 1980 (population 2,

Sex Marital status Age (pop ) (pop )
K i i Size Rate Size Rate

Nijx Tiik LT the
Lo iiienennen L I S 3239 92.50 2950 90.07
L PN S [~ 9710 98.47 11374 95.23
Tt iiteininnennennns L P A < 2 9661 99.31 0943 96.40
1 1 L 9501 99.32 8979 96.46
ettt iieneeeennannns IS Y - 7225 99.39 8130 95.76
B P [ 3979 99.04 5200 95.79
L I T oeeiiitieneressnanns 1742 97.70 2190 93.52
P it taeneaan Tt reiienrenasnanns 206 18.45 241 32.37
b - 2.t 351 30.48 £86 59.56
B 2ttt < N 377 45.09 415 70.84
T iieiveiienannas ittt | I 2 294 45,58 368 65.49
L 2ttt | T 233 68.24 284 63.03
i - - 159 50.94 146 76.03
1...... Ceeeeesacnaens 2t T vt innannanananns 122 35.25 54 83.33
b < B 1 100.00 2 100.00
Tt it ieceeanes < -3 13 61.54 19 68.42
P < 2 < 66 77.27 45 80.00
B P < 1 L 183 68.85 176 68.75
B Y < |- 336 73.51 397 73.55
R < [ 2 588 67.69 557 83.30
L < Y 922 60.09 776 80.03
L Qe 1 81 22.22 160 47.50
L L 2 318 45,69 1130 63.36
L L 3...... ferererenaanes 324 59.26 989 72.50
L L 4...... Cereeeeseaeeas 403 65.76 740 69.05
iiiiiiiierinanans L S 5...... Ceeieserenians 257 72.37 495 73.74
e L (- 155 61.94 290 67.93
| P L 2 Y 2 44 68.18 71 77.46
T Burreiieiarenias 1. e 14959 2.89 16607 9.32
i P 2 e erineera it 1846 27.63 4238 43.13
O - < 812 34.48 904 49.89
I P - . S 855 37.08 699 51.36
b P B e - 659 43.40 565 53.81
L Bt iiinieaans Bt 452 44.91 357 63.87
1L PN = 2R 201 52.74 142 69.72
2, B 1 A 5605 00 5058 3.44
2...... Cerrrereeeeanas 1 - N 10290 00 12303 3.46
2 et ieiieaieiaaes T iiriiaaiiaaans [ 2 9756 00 9939 2.98
- B A 9397 00 8749 3.07
2, 5 L 6181 00 7404 3.32
2 1 P [ 7 2952 00 4114 4.08
2 it eac e, L Tttt ieneeanan 872 00 1197 4.28
- - 1 P 613 38.50 510 42.16
-, 2ttt icai e - N 611 71.69 976 78.07
2 2 ittt B I J 483 80.75 673 84.84
2 iieirereaeeaaes 2 i iiiiieiieanenaens L 498 78.92 473 86.05
-, - . IS - 2 352 71.81 309 76.38
2 ittt 2 i [ 7 110 67.27 168 86.31
-2 it IS N 90 33.33 67 79.10
2o, < D e 29 58.62 26 84.62
2ttt tiiiieiietieen, < N -3 66 86.36 185 88.15
2. ittt < 2 295 81.19 292 89.73
2 et ieeai e < 1 . 2O 983 85.76 821 90.74
- 1< 2 Bt iieene 2071 82.04 2082 88.18
2 it iiiieaeiiaes < 1 [ - 7 2948 78.22 3444 88.39
e K 1 Y AP 3248 62.75 3677 78.38
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Table 5.11. Population and Household Headship Rates per 100 Persons, by Age, Sex, and Marital
Status: United States, 1970 and 1980—Continued

(Population in thousands)

1970 ulation 1 1980 ulation 2,
Sex Marital status (pop ) (por )
K i Size Rate Size Rate
Nijk Tk ik ik
1 207 39.13 401 52.37
2 563 75.67 1746 77.61
3 633 81.83 1411 89.23
4 591 81.39 1074 88.55
5 440 83.86 735 84.90
6 201 69.65 342 81.87
7 58 68.97 126 82.54
1 13222 3.68 14360 9.85
2 1098 36.89 2757 54.48
3 614 36.32 727 59.42
4 594 40.74 552 56.88
5 659 55.08 504 60.91
3] 530 57.36 480 66.25
7 341 48.97 344 74143
i= 147,470 42.64 168,195 47.03

Source: U.S. Bureau of the Census (1971, table 6; 1981, table 6). Age i = 1, 2, ..., 7 correspond to 15-24 (14-24 for 1970), 25-34,
.., 75+, Marital status | = 1, 2, ..., 5 correspond to married (spouse present), married (spouse absent), widowed, divorced, single. Sex
k= 1, 2 correspond to male and female. A married woman (husband present) could not be the head in 1970.

Table 5.12. Standardization and Decomposition of Household Headship Rates in Table 5.11

Standardization Decomposition

Household headship rates Percent
1980 1970 Difference distribution

(population 2) (population 1) (effects) of effects

(J.K,R)-standardized rates 44,93 44.44 49 () 11.2
(1,K,R)-standardized rates 44.78 44.60 18 (J) 4.1
(1,J,R)-standardized rates 44,66 44.75 -09 (K) -2.1
(1.J.K)-standardized rates 46.64 42.83 *3.81 (R) 86.8
Overall headship rates 47.03 42,64 *4.39 100.0

(Total effect)

*Significant at 80-percent level.

Program 5.3

The results in table 5.12 can be obtained by using Program 5.3 in which P(l,J,K,L)’s are N’s and n’s, and
T(,J,K,L)'s are T's and t's in table 5.11. The data file consists of 40 lines corresponding to the data in the
last four columns in table 5.11 in the same order—10 lines of seven numbers for each column—with the
format specified in lines 6 and 7 of the program. The eight standardized rates in table 5.12 are given by
ER(L)’s and S(1,J)’s in lines 33 and 79 of the program. The four effects in table 5.12 are denoted by ERR

and U(J)’s in lines 35 and 80 of the program.

The qecompositi_on of the difference between the AIDS rates in racial groups into the effects of age, sex,
and region by del .Plnal (1989) is another example of a three-factor case. Also, the work by Spencer (1980)
explaining the racial and ethnic differences in American fertility in terms of childlessness, nonmarriage, and

age can be looked upon as a decomposition problem dealing with three factors.
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Program 5.3 (Three Factors +Rate)
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5.5 THE CASE OF FOUR FACTORS

We express the crude rates T and t__ in population 1 and population 2 in terms of similar notation and
also express the cell proportions in population 1 as

N
—H = AyBixCixDi (5.22)
where (Das Gupta, 1991, equation 23)
1 1 1
A (Nukl) (% Ny M)E (L"_'_' Nue Ni)ﬁ (ﬂ'_)z (5.23)
W= N Nj " Nj " N/ 7 N NN, N..

Byj» Cigar @nd Dy are obtained from (5.23) by interchanging, respectively, i and |, i and k, and i and I. For
example, N in (5.23) changes to N; in the expression for By,. The ratio ny/n__ is similarly expressed
by using lower-case letters a, b, ¢, d, and n.

As in (5.17) through (5.21), the difference t - T_ can be expressed as the sum of five effects: R-eﬂiect,
l-effect, J-effect, K-effect, and L-effect. Each effect, again, is the difference between two standardized
rates, which are given by

R(T) = (I,J,K,L)-standardized rate in population 1

M, Noo
— 2 n.... N.... de’ (5_24)
Tk 2
I(A) = (J,K,L,R)-standardized rate in population 1
t T
= lk'-;—"ﬂ [Expression (2.26), i.e., (2.29) XA (5.25)
Lk,

with subscripts ijkl in each letter] .

The standardized rates R(t) and 1(3) for population 2 are obtained, respectively, from (5. 24) and (5.25) | by
replacing Ty in (5.24) by ty, and Ay in (5.25) by ay. Other standardized rates J(B), J(b), K(),
K(T), L(D),and L(d) are obtained from (5.25) by interchanging the letters.

Example 5.7

Table 5.13 presents the data for the population and the mobility rates cross-classified by four factors:
education, residence, age, and sex, for the United States, 1975-1976 and 1986-1987. Wilson (1988)
studied similar data for the period 1935-1980 for decomposing the difference in the mobility rates by age
and education. The mobility rate increased from 17.790 in 1975-1976 to 18.136 in 1986-1987, producing
a difference of .346° for the 11-year period. As table 5.14 shows, this difference would have been .591 had
the distributions of population by education, residence, age, and sex been identical in the two years. On
the other hand, the age effect is -.575, which means that if the age structures differed as they did in the
two years but all other factors and the cell-specific mobility rates were identical, then the overall mobility
rate in 1975-1976 would be .575 point higher than that in 1986-1987. The factor sex appears to have
played a negligible role in explaining the difference between the mobility rates in the two years.

Program 5.4

The results in table 5.14 can be obtained by using Program 5.4 in which P(l,J,K,L,M)’s are N’s and n’s,
and T(l,J,K,LLM)’s are T’s and t's in table 5.13. The data file consists of 96 lines corresponding to the data
in the last four columns in table 5.13 in the same order—24 lines of six numbers for each column— with
the format specified in lines 7 and 8 of the program. The 10 standardized rates in table 5.14 are given by
ER(M)’s and S(l,J)’s in lines 44 and 101 of the program. The five effects in table 5.14 are denoted by ERR
and U(J)’s in lines 46 and 102 of the program.

3Not significant at 80-percent level.
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Table 5.13. Population and Mobility Rates per 100 Persons, by Age, Sex, Years of School
Completed, and Residence: United States, 1975-1976 and 1986-1987

(Population in thousands)

1975-1976 1986-1987
Sex Age Residence Education (Popululation 1) (Population 2)
l k ] i Size Rate Size Rate

Nya T Nipa tia
1 1 I ) ) S 269 40.149 460 41.957
to...... ceenaean T, 1 PP - 1664 30.108 1957 27.951
) I pearenae ) P P I L J 3838 32.387 4226 30.549
i ) I ) P . S 2495 29.780 2872 27.751
| 1 | PP B K- T, 630 40,952 704 35.938
..., PR 1.0.00... vereens ) [ - 157 38.854 120 40.833
Teiiiiinninens LI - R ) [P, 202 37.129 108 29.630
1 3 T - PN - 902 30.266 688 24.273
i eesenas I P - L N 1911 33.072 1221 26.863
Teiiicirana | P - JN R 865 31.448 574 24.216
1 P 8 T - N 181 41.989 79]. 45,570
1 I - [ P 43 53.488 20 35.000
1 2 e L I ) [P 239 33.473 352 37.216
| P 2 i Toierinnnes N - 481 36.798 800 38.125
1 - 1 [P R < 1962 32.941 3448 30.365
T 2 it ) . N 1441 38.723 1849 33.207
T iineerinna, 2 i Torriiiians R - T 1083 38.135 1442 41,609
L P R I ) [P - 670 38.209 688 40.407
L U - - S ) PO 173 34.682 105 37.143
2 [ |2 e - U - 2N 282 36.986 203 36.519
Teiiiiiiaanen 2. i - kR 1088 31.526 1091 26.673
1 2 i iiiiiiienaa - . 468 33.689 367 30.518
1 2 iiiiiiaias - S B 381 39.370 177 35.028
2 TS PR - - SN - 195 40.513 82 52.439
| 3..... Cerearaeas 1..... veeeranns ) [P, 230 22.609 368 34.511
L P RS I TN ) [P - N 513 24.366 692 28.468
1 S [ J ) T F T 1745 22.751 2990 23.177
) PN < PO . 912 21.272 1804 24.279
3 K ) [N L SR 684 23.538 1528 27.029
1 3..... Cerreeenes ) N - JUC 689 24.238 973 24.460
L P, £ N - ) [P 216 20.833 95 26.316
1 P - 2000000, RN 280 24.643 245 30.612
L P < - SN L J 887 20.857 1014 17.456
T, £ - b, iiiininnnins 260 19.231 364 17.682
1 P, £ I 2. P 188 26.064 232 21.552
1 Fc S - SN L JP 196 32.143 142 26.056
i F 4 it 1...... bereeans I 770 20.000 702 21.937
Tetiiirininnas L ) [ - 1024 15.527 930 20.215
1 4.t ) [P k< 2704 14.090 4217 17.240
Torririiiennas 4o ) [N R 1233 13.706 2171 19.271
i P P ) P Biiiiiinniaes 983 16.887 2245 20.312
1 P . S L [P - 2 956 16.736 2186 19.350
1 P . - ) [P €83 17.570 276 17.029
i . - - JE P 530 23.396 303 10.941
1 . - E N 1362 9.692 1459 14.531
b PN L 2.iiiioerianinans L 390 17.179 651 17.512
Torreieenans . S - N - J RN 222 18.018 372 19.624
1 O, - [ J R 250 16.800 3z7 19.572
1 - J b 1 PN 2830 8.187 2107 12.150
1 P B b [P - 2325 7.097 2090 9,713
| T [ J ) PP P < J 4746 6.321 5691 8.871
1 PN L 2. ) [P S 1781 11.005 2506 10.455
L L 2 ) PN B eiiaiaeiaas 1347 7.869 1949 9.800
) IR bereeas L 2, ) P - J 1080 9.722 2148 9.264
1 O L 2 R ) PR 2201 8.950 1072 9.795
Toveenenn PR 18 cvveniiiiniennn b S - 1149 9.661 754 7.294
1 I Bt 2. iiiiienenaaes F< R 2000 7.450 1986 8.006
| PO fereaan [ Z . - . S 548 9.854 542 9.041
1 P - J RN 2.ttt L7 324 11.420 312 11.538
b P e 2iiiiiiiinia [ 2 284 11.268 372 8.065
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Table 5.13. Population and Mobility Rates per 100 Persons, by Age, Sex, Years of School
Completed, and Residence: United States, 1975-1976 and 1986-1987—Continued .
(Population in thousands)
1975-1976 1986-1987

Sex Age Residence Education (Populuiation 1) (Population 2)
| k i i Size Rate Size Rate

Nia T Ny Y
;D 6 1 1 2582 5.190 2538 4.925
Toveeiaiiinnnn, 6 1 2 792 4.419 1256 4618
1 P 6 1 3 1018 4715 2439 5.371
T, 6 1 4 471 8.917 981 6.728
2 P 6 1 5 384 7.031 669 6.577
) R 6 1 6 259 5.792 545 7.523
L P 6 2 1 1908 5.308 1439 5.003
L 6 2 2 538 5.948 454 5.727
L OO 6 2 3 547 6.581 763 3.539
) P 6 2 4 194 3.003 227 4.405
2 PO 6 2 5 131 6.870 118 847
L P 6 2 6 89 6.742 149 5.369
- R 1 1 1 290 41.724 326 41.718
- 1 1 2 1567 37.205 1647 35.762
2 1 1 3 4452 36.568 4618 35.167
- R 1 1 4 2398 33,736 3147 31.045
2 e 1 1 5 676 50.148 833 49.220
2 e, 1 1 6 102 52.941 110 40.909
2, 1 2 1 221 37.557 99 36.364
- R 1 2 2 814 41523 562 33.630
2 1 2 3 2184 37.775 1286 32.271
2 i, 1 2 4 842 28.147 694 28.242
2 1 2 5 210 52.381 104 42,308
2 1 2 6 24 33.333 8 87.500
2, 2 1 1 277 27.798 351 36.182
2, 2 1 2 640 36.406 792 35.732
- 2 1 3 2697 28.068 3540 29,096
2 e 2 1 4 1259 33.519 2021 30.233
- R 2 1 5 916 35.590 1560 36.795
2, 2 1 6 435 35.632 533 38.086
2 i 2 2 1 156 26.282 88 39.773
2 e, 2 2 2 375 36.267 254 40.945
- R 2 2 3 1251 26.938 1098 23.133
2, 2 2 4 340 31.765 420 30.000
2 e, 2 2 5 337 34.421 232 34.914
R 2 2 6 71 46.479 55 30.909
2, 3 1 1 282 26.950 322 26.398
2, 3 1 2 650 21.538 689 24.383
2, 3 1 3 2274 17.942 3306 21.385
2., 3 1 4 864 16.088 1901 23.567
- R 3 1 5 638 18.495 1478 23.816
- R 3 1 6 318 22,013 748 26.337
2, 3 2 1 181 29.282 69 27.536
- R 3 2 2 389 20.566 230 33.478
- R 3 2 3 1026 17.057 1051 18.363
2 e, 3 2 4 268 14.925 432 17.130
2, 3 2 5 159 23.899 213 16.432
2, 3 2 6 80 30.000 113 29.204
- R 4 1 1 737 19.674 722 23.130
2 e, 4 1 2 1288 14.286 1073 20.503
- R 4 1 3 3792 10.443 5618 13.403
- R 4 1 4 1195 12.050 2851 16.485
R 4 1 5 653 8.423 1744 15.310
- 4 1 6 417 11.751 1438 16.759
- R 4 2 1 514 16.732 226 15.929
2, 4 2 2 740 16.081 422 16.825
- R 4 2 3 1666 11.465 1847 13.481
2 e, 4 2 4 393 9.669 562 14.235
- R 4 2 5 202 15.842 342 16.082
- S 4 2 6 115 13.043 256 21.094
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B

: Table 5.13. Population and Mobility Rates per 100 Persons, by Age, Sex, Years of School

| ° Completed, and Residence: United States, 1975-1976 and 1986-1987—Continued

L (Population in thousands)

1975-1976 1986-1987
L Sex Age Residence Education (Popululation 1) (Population 2)
t | k i i Size Rate Size Rate
Niga T Ny Y

- R 5 1 1 2827 8.100 2043 10.328
- R 5 1 2 2758 8.412 2399 10.880
2 i 5 1 3 6692 7.038 8202 8.400
2, 5 1 4 1731 8.319 2791 8.886
2 .. 5 1 5 888 6.982 1431 9.085
2 i, 5 1 6 514 6.420 1073 11.184
L I 5 2 1 1930 8.031 860 9.651
- 5 2 2 1355 8.487 886 7.336
2., 5 2 3 2783 7.905 2603 7.030
2 i 5 2 |4 658 6.079 722 7.202
2 i, 5 2 5 299 8.696 273 6.960
2. i, 5 2 6 169 10.059 191 5.759

! 2 i 6 1 1 3515 5.434 3606 5.435
- S 6 1 2 1385 4.332 2034 6.735

; 2 i 6 1 3 2037 5.646 4188 5.301

! I 6 1 4 677 8.272 1327 6.179

] - 6 1 5 309 7.519 667 8.096

? - R 6 1 6 199 8.040 365 5.479

) 2 e 6 2 1 2259 6.153 1603 5.490

k - 6 2 2 703 5.832 729 6.996

F 2, 6 2 3 891 6.173 1217 4.437
- U 6 2 4 397 4.786 391 3.325

’ ° o 6 2 5 180 6.111 185 2.703

}. 2 6 2 6 108 1.852 86 4,651

' I=. ... k= j=. i=. 145,785 17.790 175,609 18.136

f Source: U.S. Bureau of the Census (1977, table 19; 1989, table 22). Education i = 1, 2, ..., 6 correspond to elementary (0-8), high
school (1-3, 4), college (1-3, 4, 5+). Residence | = 1, 2 correspond to MSA's, outside MSA's. Age k = 1, 2, ..., 6 correspond to 18-24,
25-29, 30-34, 35-44, 45-64, 65+. Sex | = 1, 2 correspond to male and female.

Table 5.14. Standardization and Decomposition of Mobility Rates in Table 5.13

- W aw e m— -

Standardization Decomposition

) Mobility rates Percent
; 1986-1987 1975-1976 Difference distribution
) (population 2) (population 1) (effects) of effects
‘p (J,K,L,R)-standardized rates 17.928 17.724 204 () 59.0
i (1.K,L,R)-standardized rates 17.894 17.766 128 (J) 370
' (i,J,LR)-standardized rates 17.537 18.112]  *-575 (K -166.2
’ (1.J,K,R)-standardized rates 17.832 17.834 -002 (1) -0.6
; (1.J,K,L)-standardized rates 18.163 17.572 *591 (R) 170.8
. Overall. mobility rates 18.136 17.790 346 100.0
! (Total effect)

} *Significant at 90-percent level.

f Technically, the four-factor decomposition problem in Example 5.7 is not different from the decompo-
.' sition by Ruggles (1988) of the changes in unrelated individuals into the effects of changes in four factors,
, o namely, age, sex and marital status, occupation, and mobility, besides the rate effect. A similar four-factor
. decomposition was also performed by Bachu (1981) in her study of the effects of age, age at marriage,

education, and religion on the difference between the rural and urban fertility rates in India based on the
d 1971 census.
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Program 5.4 (Four Factors +Rate)
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5.6 THE CASE OF FIVE FACTORS

Using analogous symbols, we can express

N ‘
Jkﬂ = AimBitamCirimDigum Eigam (5.26)

where (Das Gupta, 1991, equation 24)

Nyja. " Njem Nygm ™ Noam

1 1
NigmYs (Nij. Nigm Npm  Nikimzg
Ailklm = m . .

1
Nie. Nij. Nipm Nk Niem Numlag
—_ = . . (6.27)
(N.]k.. Ny Npm Nog Noem N

1 1
(Nl...m Nii Nig. Nu...)g (Nl....)g
Nom N NG "N/ TN/

and B, C, D, and E are obtained from (5.27) by interchanging the subscripts.

The difference t__ - T__ can be expressed as the sum of six effects (including the rate effect). Each

effect is the difference between two standardized rates, the two typical of them being
R(T) = (I,J,K,L,M)-standardized rate in population 1

.:‘Mr_n_ + ::llklm
= Ol T Teer T“klm s (5-28)
Likl,m 2
I(A) = (J,K,L,M,R)-standardized rate in population 1
t T
= fm F Twm e oression (2.33), l.e., (2.36) XA (5.29)
ikim 2

with subscripts ijkim in each letter] .

The remaining 10 standardized rates may be obtained from (5.28) and (5.29) by interchanging the
letters. '

Example 5.8

Table 5.15 presents the population size and the mean annual earnings of Whites, and Asian and Pacific
Islanders (API’s) by four occupations, three age groups, three education groups, sex, and work status, as
described in the footnote of the table, for the 1980 census. Das Gupta (1989) used similar data from the
same source to study the race-sex inequalities in earnings. The mean earnings of Whites and API’s are,
respectively, $30,998 and $30,433, giving a difference of $565 in favor of Whites. As table 5.16 shows, this
difference would have been $2,813 had the distributions of populations by occupation, age, education, sex,
and work status been identical in the two groups. In other words, if we assume that, ideally, the mean
earnings should depend only on these five factors, this difference of $2,813 measures the inequity in mean
earnings between Whites and API’s. If everything else including the cell-specific mean earnings were the
same for the two groups, only the difference in education structures would make the mean earnings of
APP's $1,582 higher than those for Whites. Similarly, only the difference in occupation structures would
produce a difference of $1,991 in mean earnings in favor of API’s. On the other hand, the differences in
the other three factors, namely, age, sex, and work status, in the two groups tend to produce higher mean
earnings for Whites. If there were no inequity in earnings, the rate effect (R) in table 5.16 would be 0 and
the total difference would be $ -2,248. This implies that in the absence of inequity, the mean earnings of
API's wouid be $2,248 higher than those for Whites.
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Table 5.15. Civillan Labor Force With Earnings in 1979 and Mean Annual Earnings, by Occupa-
%Iggé Age, Education, Sex, and Work Status: Asian and Pacific Islander, and White,

(Rate is mean annual earnings in doilars)

Asian and
Pacific Islander White
Work status Sex Education Age Occupation (population 1) (population 2)
m I k ] ! Size Rate Size Rate
Nitm Tiam Nijim tjam
L 1T, T i, i P ) I 6306 | 20552.15| 347389 | 23293.16
T, | P, § IR ;T 2 i 4899 | 21570.24| 132196| 22496.84
1T, T, ) N L R 222| 29108.74 4142| 28504.84
1 1 1 3 I . 1275 20138.09 93503 | 23610.01
) N L 1 - ) I 6967 | 30446.95| 292235| 35928.09
1 I 1 P 1 - 2 i 3754 | 25386.35 81308 | 28764.83
T 1 1 I 2 i L L 296 | 41404.85 3169 | 49227.33
L T i ) 2 i 4. ... 845| 27496.49 63562 | 35899.38
i BN 1 T i, [ I 1L P 3686 | 35049.83| 252218 42633.10
) L P ) PN R 2 . i 2749 | 28243.55 89491 32475.30
I ) I LI 3., 3. 125 | 48288.76 3044 50080.75
I ) U LI L - 553 | 29329.05 653094 | 37501.52
T, ) U 2. i 1 P | 3348 22017.03| 166014 24854.07
1 1 - N b 2 e 7159 | 22462.81 95481 | 23434.66
LI 1 2. i, L I [ I 1238 | 29735.58 7964 | 30445.42
1 N 1 2 i, L PP 4, ... 606 | 25036.89 30210 26888.48
T, L 2. i, 2 i I 4155| 30156.48| 189982| 36453.98
1 2 I 2 . i, 2 i 2 i 7700 | 26775.74 69167 | 31130.81
) I ) I 2 i, 2 i EC E 1495 | 56310.06 6681 | 48133.87
1 ) 2. i, 2 . i 4. i 480 | 26541.35 26501 | 38175.68
1 1 N 2. i, E I ) I 1935 | 34665.08| 133608 | 42693.57
) 1T 2. i L I 2 i 2214 31988.64 53838 | 34883.26
| I LI - kI S 445 | 64515.67 7525 | 49889.73
1 1 2 i, < SN L N 270 30393.07 17349 | 38340.14
2369 | 24322.07 48174 25888.75
5768 | 24410.36 24191 23837.80
6393 | 32004.94 91556 | 35288.20
330 | 24066.62 6830 | 28476.43
4153 | 32712.66 92193 | 36057.86
8121 | 28991.28 28840 | 32059.44
9732 | 64519.72 87882 | 68222.38
310| 26471.85 8657 | 35407.87
1642 | 35102.54 67843 | 41605.08
1867 | 32160.77 16471 | 36384.68
3919 | 64245.75 68250 71961.60
163 | 37806.38 6006 35885.50
1973 | 14724.19 87369 | 15444.64
299| 19156.99 5633 | 18231.18
77| 15906.17 1194 | 17699.53
676| 15173.48 24038 | 15569.57
1354 | 15500.48 31914| 18950.33
145 | 18561.83 1053 | 20208.55
95| 19613.68 362 35656.55
240| 16413.38 0087 | 18442.76
655| 16470.11 22063 | 18759.59
66| 17051.06 723 | 20645.65
49| 27837.65 393 | 34205.83
159 | 16364.37 6935| 18116.46
1451 | 16425.70 40764 | 17186.57
394 | 18695.69 3843 | 19722.1
429 | 29189.21 1233 | 22062.73
154 | 16274.48 6720 17002.31
650 | 20683.15 22720 19825.88
156 | 20571.44 1001 | 22073.44
366 | 40819.64 623 27111.00
241 | 24412.66 3681 | 19625.39
298| 20627.06 14084 | 20487.98
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Table 5.15. Civilian Labor Force With Earnings in 1979 and Mean Annual Earnings, by Occupa-
t:ggé A%e, Educgtlon, Sex, and Work Status: Asian and Pacific Islander, and White,
—Continue

(Rate is mean annual earnings in dollars)

Asian and
Pacific islander

White

Work status Sex Education Age Occupation (population 1) (population 2}
m ! k I i Size Rate Size Rate
Nigim Tiam Nijam Bisam
i 2 2 3. 2 421 19770.24 611 22686.30
) 2 2 3 3 181} 39430.30 4811 82101.28
b 2 2 3 4 24| 31349.17 2284 18513.86
1 2 3 1 1 362| 15958.55 101561 18578.88
| 2 3 1 2 198 | 22682.50 1342 22755.94
i I 2 3 1 3 2301 | 25326.56 9787 | 22506.49
i 2 3 1 4 25| 9363.40 1107 | 18602.58
i 2 3 2 1 436 | 19968.83 10938 | 21785.26
b 2P 2 3 2 2 78| 25682.24 473 | 22740.22
1 B 2 3 2 3 2796 | 43896.64 4858 | 40368.71
T 2 3 2 4 81| 27204.26 986| 20834.79
) 2 3 3 1 221 | 28769.00 7722 | 23092.75
) 2 3 3 2 38| 24458.16 220 | 23961.32
) 2 3 3 3 852 | 42882.22 2964 | 47513.34
Toiinn, 2 3 3 4 31| 26834.03 634 19383.53
2. i, 1 1 1 1 1987 | 13413.28 42099 | 14653.07
- 1 1 1 2 1511 12432.07 16273 | 14750.60
2. e 1 1 1 3 73| 13939.23 1488 | 19063.69
2. i, 1 1 1 4 540| 16377.65 20437 | 17074.84
2. i 1 1 2 1 1669 | 20181.60 22153 | 27098.18
2. i, 1 1 2 2 556 | 19703.82 5412 | 23016.99
2. i, 1 1 2 3 81| 40952.32 850 | 45744.51
2. i, 1 1 2 4 290 | 18786.30 10019 | 30637.37
2. i 1 1 3 1 7311 18473.15 18694 | 31839.66
2. i, 1 1 3 2 281 22111.09 6123 | 25484.38
2. i 1 1 3 3 72| 46188.54 1090 45535.32
2. i, 1 1 3 4 142 | 19507.48 9005 | 29173.63
2.t 1 2 1 1 1165| 11754.58 269066 | 14685.16
2. i, 1 2 1 2 1891 14022.91 12256 | 14753.29
- 1 2 1 3 565 23891.12 2915| 22727.08
2. i 1 2 1 4 230| 11581.256 7972 | 17636.10
2. it 1 2 2 1 692 | 20360.49 22703| 24958.99
2. . i 1 2 2 2 836 | 21723.88 4974 23023.14
2. i 1 2 2 3 666 | 60133.12 2284 | 47865.35
2. i 1 2 2 4 247 | 15632.82 5201 | 28061.94
2. it 1 2 3 1 288 ( 20753.97 18630 | 27919.21
2. i 1 2 3 2 201 | 24802.15 3056 | 26644.25
2. i, 1 2 3 3 215| 65647.89 2718 | 46108.45
2. i 1 2 3 4 60| 14218.34 3685 | 2884236
2. i, 1 3 1 1 823 | 12653.70 11762 | 14008.25
2. i 1 3 1 2 1665 14024.68 46877 | 12913.80
2.ttt 1 3 1 3 2376 | 27815.49 36092 | 24057.25
2 it 1 3 1 4 72| 15763.87 1953| 17011.58
2. it 1 3 2 1 683 | 19825.26 13921 | 24752.96
2. i, 1 3 2 2 980 | 20661.36 2694 | 23091.57
2. i, 1 3 2 3 3722 | 64740.15 23019 ( 62417.03
- 1 3 2 4 205 | 21343.28 2160 | 33559.61
2. i 1 3 3 1 287 | 24727.82 10132 20638.24
2. it 1 3 3 2 187 | 24564.70 1452 | 27095.94
2. i 1 3 3 3 1435 72847.97 20843 | 65177.10
2. e 1 3 3 4 65 22511.47 1602 | 22434.63
2. i 2 1 1 1 845| 9992.65 31676 8463.99
2. i 2 1 1 2 114| 7872.89 1743 | 10061.72
2. . 2 1 1 3 33| 26490.14 902] 10730.86
2. . i 2 1 1 4 482 | 12030.86 14072 8437.87
2. ... 2 1 2 1 560| 9155.62 15754 8386.64
2.ttt 2 1 2 2 41| 20344.25 427 9209.83
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Table 5.15. Civilian Labor Force With Earnings in 1979 and Mean Annual Earnings, by Occupa- '
t:g;\é A%e, Itgducgtlon, Sex, and Work Status: Asian and Pacific Islander, and White,
—Continue

(Rate is mean annual earnings in dollars)

Asian and
Pacific Islander White

Work status Sex Education Age Occupation (population 1) (population 2)
m r k i i Size Rate Size Rate

Nigam Tigam Nywrm Yjam
2. 2 1 2 3 49| 28832.97 368| 16203.06
2. i 2 1 2 4 251| 8024.56 10942| 9128.05
2. i 2 1 3 1 255] 11924.00 9966 | 9533.53
2. el 2 1 3 2 8| 23640.02 201 12317.19
2. i 2 1 3 3 20| 22605.00 229| 18437.26
2. i 2 1 3 4 112| 11460.63 7309 | 8550.02
2. i 2 2 1 1 500( 8611.16 19376 9596.07
2. i 2 2 1 2 250 | 11390.69 1661| 10123.12
2. i 2 2 1 3 377 13681.88 1205 11192.69
2. i 2 2 1 4 226 | 8561.37 4894| 9713.37
2. i 2 2 2 1 276 | 12312.71 12204 11858.49
2. i 2 2 2 2 38| 12010.27 379| 10003.39
2. i 2 2 2 3 235| 33734.46 523| 16094.54
2. e 2 2 2 4 141 | 15655.46 4170 9641.37
2. i, 2 2 3 1 164 | 29692.09 7862 | 14204.76
2. i, 2 2 3 2 9( 20991.63 297| 10874.84
2. i, 2 2 3 3 66| 33692.83 237| 23101.27
2. s 2 2 3 4 12| 8864.98 2487 | 8845.77
20, 2 3 1 1 277 9240.31 5821 | 10491.60
2. i 2 3 1 2 88| 14716.03 774 8689.08
2. i, 2 3 1 3 1705 | 19828.81 7107 | 13448.46
2. i 2 3 1 4 76| 5480.27 924 | 10567.47
2. i, 2 3 2 1 185| 12851.80 5703 | 14099.41
2. 2 3 2 2 41} 11492.82 253| 9873.61
2. i 2 3 2 3 1674 | 33889.79 2849| 25738.88
2. i, 2 3 2 4 50| 8773.19 781| 10048.33
2.0, 2 3 3 1 114 | 19177.33 4312 17249.20
2. i 2 3 3 2 13| 13420.39 92| 10892.76
2. it 2 3 3 3 304 | 30910.62 1873 31360.83
2. i 2 3 3 4 58 ( 13317.32 535| 8998.24
m=. ...... | = k = j= 1= 162,090 30,433 | 3,684,673 30,998

Source: U.S. Bureau of the Census (1984c, tables 3, and 6; unpublished data for breakdown of college 5+ years into 5-6 and 7+
years and for earnings correct to cents). Occupation | = 1, 2, 3, 4 (executive and administrative occupations; engineers, architects,
and surveyors; heaith diagnosing occupations; sales representatives, finarice, and business services). Age | = 1, 2, 3 (age groups
25-34, 35-44, and 45-54). Education k = 1, 2, 3 (college 4, 5-6, and 7+ years). Sex | = 1, 2 (male and female). Work status m = 1,
2 (worked year-round full-time in 1979 and others who worked in 1979).
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Table 5.16. Standardization and Decomposltlon of Mean Annual Earnings in Table 5.15

Standardlzation Decomposltlon
Mean annual earnings (doflars) Percent
White* Asian Difference distribution
(population 2) (population 1) (effects) of effects
(J,K,L,M,R)-standardized mean earnings 28,745 30,736 1,991 () -352.4
(1.K,L,M,R)-standardized mean eamings 29,980 29,806 174 (J) 308
(1,J,L.M,R)-standardized mean earnings 28,976 30,558 -1,582 (K) -280.0
(1.J,K,M,R)-standardized mean earnings 30,210 29,603 | 607 (L) 107.4
(1.J,K,L,R)-standardized mean eamnings 30,168 20,624 544 (M) 96.3
(1.J,K,L,M)-standardized mean earnings 31,744 28,931 2813 (R) 497.9
Overall mean annual earnings 30,998 30,433 565 100.0

(Total effect)

*Whites include Whites of Hispanic origin. The mean earnings for non-Hispanic Whites are higher than those shown for Whites
in tables 5.15 and 5.16.

Program 5.5

The results in table 5.16 can be obtained by using Program 5.5 in which P’s in line 5 denote N’s and n’s
in table 5.15, and T’s in line 6 denote T's and t's in the same table. The data file consists of 144 lines
corresponding to the data in the last four columns in table 5.15 in the same order—36 lines of four
numbers for each column—with the format specified in lines 7 and 8 of the program. The 12 standardized
rates in table 5.16 are given by ER(N)'s and S(1,J)'s in lines 56 and 125 of the program. The six effects in
table 5.16 are denoted by ERR and U(J)'s in lines 58 and 126 of the program.

5.7 THE CASE OF SIX FACTORS
In this case, we write

N
demn = AymnBigamnCiamnDiximnEiimnFikimn » (6.30)
where
1
A (Nl]klm:) (Nuklm. Nin Nikmn  Nimn Ni._klmn)gg
Wdmn = N.[klm a N.lklm.- N.]kl.n ) N.]k.mn ) N,j.lmn. N..klmn
' 1
(Ni]kl.. Niem. Nijen Nipm. Niin Npmn Nigm, Nign Nikmn Numn)aa
Nja. Njm Njen Npm "Nyin "Npmn " Nogm " Negn Nokmn ™ Nimn
9
(NI...mn Nitn Num Nikn Niem Nig. Npn Npmo Ny %)5
N....mn ) N...I.n ) N...Im. ) N..k..n ) N..k.m. ) N..kl.. ) N.]...n ) N.]..m. ) N.].l.. ) N.lk...
1 1
; (Nl . Nim N Nig, Nu....)ﬁ (Ni ..... )E (531)
Non Nom NN TN AN
and B, C, D, E, and F are obtained from (5.31) by interchanging the subscripts.
The two typical standardized rates, similar to (5.28) and (5.29), are given by
‘ R(M = (1,J.K,L,M,N)-standardized rate in population 1
) r'l]klmn + Nl]klmn
_ n...... > N...... T » (5.32)
i,lk,Lm,n
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Program 5.5 (Five Factors +Rate)
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Program 5.5 (continued)
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I(A) = (J,K,LLM,N,R)-standardized rate in population 1

tl]klmn + Tllklmn

= [Expression (2.41), i.e., (2.44) XA (5.33)
Lhkmn 2

with subscripts ijkimn in each letter] .
Other standardized rates and the effects are easily obtained from (5.32) and (5.33).
Example 5.9

Table 5.17 is from the 1970 U.S. Census where the women and the average number of children ever
born to them are cross-classified by six factors: family income, husband’s education, husband’s
occupation, wife's labor force status, wife’s age at marriage, and race, for two education groups of women,
namely, not a high school graduate and high school, 4 years (no college). Janowitz (1976) used the same
data source to do similar analysis, but since she considered only wife’s age at marriage and wife’s labor
force status as the explaining variables, her results cannot be directly compared with ours. The average
number of children ever born is 3.428 for women who were not high school graduates and 3.005 for women
who had 4 years of high school, the difference in these two averages being .423 child. The six-factor
decomposition in table 5.18 (along with the rates as a factor) shows that each of the seven factors
contributes positively towards explaining the difference of .423 in the average number of children in the two
groups of women. The differences in family income, husband’s education, husband’s occupation, wife’s
labor force status, wife's age at marriage, and race explain, respectively, 1.9, 15.4, 8.7, 3.3, 13.0, and 9.0
percents of the total difference between the average number of children in the two groups of women. In
other words, 48.7 percent of the total difference in the fertility between the high school graduates aqd
non-high school graduates still remains unexplained even after standardization with respect to the six
factors simuitaneously. Obviously, of the six factors, husband’s education plays the most important role in
explaining the difference, wife's age at marriage being the next in importance. Virtually identical resuits
were obtained by Das Gupta (1984, table 3) when a more complicated method was applied to the same
set of data. This example will be discussed again in Example 6.1 (tables 6.1 and 6.2) in the context of
simultaneous consideration of three populations.

Program 5.6

The results in table 5.18 can be obtained by using Program 5.6. P’s in line 5 of the program denote N’s
and n’s in table 5.17, and T’s in line 7 denote T’s and t's in the same table. The data file consists of 192
lines corresponding to the data in the last four columns in table 5.17 in the same order. Each column takes
48 lines, each line having seven numbers with the format specified in lines 9 and 10 of the program. The
14 standardized rates in table 5.18 are given by ER(N1)’s and S(l,J)’s in lines 74 and 154 of the program.
The seven effects in table 5.18 are denoted by ERR and U(J)’s in lines 76 and 155 of the program.

5.8 THE CASE OF P FACTORS

As in (5.30) and (5.31), we express

Nito
% Aoy, Ag o, gl o, (5.34)
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Table 5.17. Wives 35 to 44 Years Old and Average Number of Children Ever Born (Rate) by
‘ Family Income, Husband’s Education, Husband'’s Occupation, Wife’s Labor Force
Status, Wife’s Age at Marriage, and Race: Wives High School 4 Years and Wives
Not a High School Graduate, United States, 1970 )

}
, Wives, high school Wives, not a high
! 4 years school graduate
i Wife's Wife’s ‘ ulation 1 :
i Race age at labor force |Husband’s |Husband’s |Family’ (o ) . (popdlation
’ marriage status occupation | education |income Size Rate Size Rate
; n .
{ m I k j | Nl]klmn Tﬂklmn nﬂklmn leklmn
; 1908 -3.578 4197 3.496
‘ 3231 2972) . 8257 3.573
) 31 00 3.300 . 5519 3.304
| 1735  3.176 25046 3.423
' 25425 3.430 31399 - . 3.574
i 10612 3.511. 11859 .3.597
) 9009 3.377 . 9269 3.540
‘ 4221 3.065 | 1525 2.814
, 5154 - 3.234 2551 3.397
' 5884 | 3.121 2496 3.370
\ 42696 3.194 15638 | 3.309
, 84344|  3.305 26130 3.408
40242 3.392 10816 3.426
! 34088 3.315 7537 . 3.649
! 3457 3.092 (. . 977 3.209
' 3086 3.287 . 1028 3.116
0 2999 3.263 1084 3.123
) 21630 3.215 6571 3.374
, 78263 " 3.284 14867 3.565
) 65609| - 3.366 10286 3.420
' 72352 3.452| 8669 3.540
' ‘ 6851 3.415 32827 4.439
, 13914 3.326 55962 4.119
) 14127 | -3.321 40422 3.912
672691 - 3419 143027§ - 3.841
! 83649 3.556 151472 3.826
24032 3.830 40710 3.986
: 10198 3.813 14493 | -~ 4.279
5842 3.351 4390 3.536
| 9842 3.187 7258 3.508
11074 3.185 6891 3.514
70805 3.245 34323 3.420
! 120211 3.445 50758 3.518
38270 3.618] 14515 3.796
i 13535 3.785 6314. 3.848
1276 3.139 439 3.784
¥ 1180 3.503 980 3.131
1529 3.534 535 3.875
! 9577 3.250 4391 3.557
21541 3.403 7689 '3.620
' 9016 3.700 2834 3.849
4601 3.631 1001 { 3.894
' 1087 3.015 1759 3.437
1726 2.939 3623 3.155
' 2012 3.235 2893 3.287
11647 3.069 16523 3.082
) 33752 2.821 34998 2.945
19770 2.889 15942 2.999
' 10830 2915 9188 3.135
1838 2.835 505 2.790
: 3395 2.935 1111 2.877
‘ 2702 2.839 1012 2.718
‘ 23040 2.877 6528 3.016
‘ 88101 2.866 21925 2.956
‘ 60315 2.783 13225 3.010
' 32550 2815 6656 3.121
1544 3.071 332 4.244
' 1627 3.033 701 2,642
1675 2.704 444 3.011




84 STANDARDIZATION AND DECOMPOSITION OF RATES CHAPTER 5

Table 5.17. Wives 35 to 44 Years Oid and Average Number of Children Ever Born (Rate) by
Family Income, Husband’s Education, Husband'’s Occupation, Wife’'s Labor Force ‘
Status, Wife’s Age at Marriage, and Race: Wives High School 4 Years and Wives
Not a High School Graduate, United States, 1970—Continued

Wives, high school Wives, not a high
4 years school graduate

Wife's Wife's (population 1) (population 2)
Race age at labor force | Husband’s |Husband's | Family

marriage status occupation | education |income Size Rate Size Rate
n m ! k l j Nnklmn Tl}klmn nljklmn Tllklmn
1.0, 1 2 1 3 4 10837 3.076 2933 2.903
1.0, 1 2 1 3 5 54525 2.987 10732 3.025
) I 1 2 1 3 6 52225 2.865 7865 2.860
) 1 2 1 3 7 40354 2.933 5064 2.970
) I 1 2 2 1 1 2891 3.080 9300 3.516
L I 1 2 2 1 2 6612 3.145 19812 3.619
) I 1 2 2 1 3 7450 3.003 16471 3.611
) I 1 2 2 1 4 46792 2.995 86584 3.336
L I 1 2 2 1 5 120053 3.033 172363 3.220
1 I 1 2 2 1 6 556956 3.024 67635 3.324
1 I 1 2 2 1 7 18456 3.208 22088 3.403
) 1 2 2 2 1 2495 3.066 1294 2.931
L 1 2 2 2 2 4499 3.099 2574 3.168
L 1 2 2 2 3 4430 3.290 2795 3.455
R 1 2 2 2 4 37267 3.049 17642 3.249
1....... 1 2 2 2 5 127053 2.975 42958 3.178
1 1 2 2 2 6 71281 2.924 20828 3.256
) I 1 2 2 2 7 24152 3.000 6780 3.367
) I 1 2 2 3 1 414 2.734 249 4.406
| 1 2 2 3 2 624 3.002 490 2.986
1 I 1 2 2 3 3 618 3.620 403 2.628
) I 1 2 2 3 4 4230 2.955 2511 3.185
T.oooieee., 1 2 2 3 5 19241 3421 5948 3.251
| 1 2 2 3 6 13224 2.962 3517 3.090
R 1 2 2 3 7 5297 3.042 1205 3.232
) I 2 1 1 1 1 1139 2.487 2166 2.640
1 2 1 1 1 2 1735 2.479 2825 2.384
L 2 1 1 1 3 1887 2.868 2275 2.507
1., 2 1 1 1 4 9490 2.523 8721 2.772
1. 2 1 1 1 5 11898 2.769 9249 2.674
oo 2 1 1 1 6 3915 2.837 3269 2.941
1 2 1 1 1 7 3365 2.912 2501 2.924
1., 2 1 1 2 1 2389 2.634 1114 2.066
b 2 1 1 2 2 2975 2.527 1824 2.265
P 2 1 1 2] 3 4627 2.823 1195 2.542
R 2 1 1 2 4 31012 2.695 8207 2.575
1.0, 2 1 1 2 5 50437 2.779 9969 2.789
1.......... 2 1 1 2 6 19248 2.930 3208 2.925
1o, 2 1 1 2 7 15680 2.890 2161 2.556
| 2 1 1 3 1 3031 2.788 498 2.430
1. 2 1 1 3 2 2656 2.689 583 2.340
) I 2 1 1 3 3 2508 2.687 656 2.422
L 2 1 1 3 4 22334 2.694 5179 2.5658
) BN 2 1 1 3 5 74947 2.851 11183 2.573
L 2 1 1 3 6 59232 2.995 6251 2.756
1ol 2 1 1 3 7 57384 3.100 4961 2.695
1.0t 2 1 2 1 1 4661 2,554 17604 3.125
1. 2 1 2 1 2 8893 2.784 24869 2.895
1 2 1 2 1 3 8380 2.633 18317 2.838
B 2 1 2 1 4 37558 2.793 56166 2.819
) I 2 1 2 1 5 36917 2.945 45001 2.922
L 2 1 2 1 6 7948 2.946 7868 3.134
L 2 1 2 1 7 2929 3.265 2900 3.387
) I 2 1 2 2 1 3896 2.784 1910 2.294 .
1. 2 1 2 2 2 7434 2.466 3990 2.725
L 2 1 2 2 3 8038 2.670 4783 2.751
1o, 2 1 2 2 4 46512 2.703 17903 2.796
) I 2 1 2 2 5 69189 2.928 19873 2.837
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f Table 5.17. Wives 35 to 44 Years Old and Average Number of Children Ever Born (Rate) by

Family Income, Husband’s Education, Husband’s Occupation, Wife's Labor Force
Status, Wife’s Age at Marriage, and Race: Wives High School 4 Years and Wives
Not a High School Graduate, United States, 1970—Continued

Wives, high school Wives, not a high
4 years school graduate
Wife's Wife's (population 1) {(population 2)
Race age at labor force |Husband’'s | Husband’s | Family -
marriage status occupation | education |income Size Rate Size Rate
n m ! k i i Nyamn Tiamn Nyjamn Tiarmn
' | I 2 1 2 2 6 15325 3.089 3840 3.250
| I 2 1 2 2 7 4857 3.049 1537 3.082
1o 2 1 2 3 1 858 2.618 537 2.780
LI 2 1 2 3 2 1448 2.680 719 2.983
, I 2 1 2 3 3 976 2.703 384 2.458
) I 2 1 2 3 4 7473 2.630 2732 2.675
| ) TP 2 1 2 3 5 16470 3.082 3669 2.908
) I 2 1 2 3 6 5101 3.094 1275 3.057
Teoiniiin., 2 1 2 3 7 2564 3.125 374 2.594
L I 2 2 1 1 1 377 1.332 808 1.749
) I 2 2 1 1 2 849 1.984 1016 2.401
' ) I 2 2 1 1 3 507 3.018 1086 2.606
L I 2 2 1 1 4 4882 2.385 4582 2.095
1 I 2 2 1 1 5 12688 2.105 9462 2.160
) I 2 2 1 1 6 6543 2.158 3734 2.094
1., 2 2 1 1 7 3636 2.023 20156 1.932
! 1., 2 2 1 2 1 728 1.882 376 1.213
1o, 2 2 1 2 2 1190 2.241 619 2.360
L 2 2 1 2 3 1123 2.346 330 2.245
| I 2 2 1 2 4 110183 2381 2797 2.279
' 1 IR 2 2 1 2 5 38594 2.270 7268 2.105
' L IR 2 2 1 2 6 21122 2127 3146 2.093
LI 2 2 1 2 7 10385 2.114 1798 2.058
g 1o, 2 2 1 3 1 71 2.533 168 1.817
, T 2 2 1 3 2 941 2.491 272 2.246
: L I 2 2 1 3 3 920 2.375 226 1.934
Toeiiiint, 2 2 1 3 4 8026 2418 1606 2.300
L 2 2 1 3 5 33809 2.379 4756 2.088
) I 2 2 1 3 6 29500 2.315 3451 2,132
| P 2 2 1 3 7 22082 2.248 2269 2.345
L I 2 2 2 1 1 1419 2.107 4066 2.388
| I 2 2 2 1 2 2834 2319 7252 2.555
Tooieiiia, 2 2 2 1 3 3073 2.167 6237 2.553
‘ Toooiiiaee, 2 2 2 1 4 18968 2.243 29053 2.386
L I 2 2 2 1 5 42400 2.231 46051 2.216
Teiviiann, 2 2 2 1 6 17053 2.192 13535 2.226
L IO 2 2 2 1 7 4937 2.149 3829 2.589
| 2 2 2 2 1 996 2.213 575 2172
' L 2 2 2 2 2 2071 2.242 1093 2.161
1o, 2 2 2 2 3 2075 2.339 1233 2.798
] L 2 2 2 2 4 17509 2.328 6965 2.445
Tooiiiiiia, 2 2 2 2 5 53190 2,281 14511 2.146
) [P 2 2 2 2 6 24465 2.162 5434 2.198
) IO 2 2 2 2 7 7020 2.202 1629 2535
' Toveiinnnn,s 2 2 2 3 1 117 2.675 208 2.159
L I 2 2 2 3 2 461 2.269 198 1.742
. | I 2 2 2 3 3 375 1.973 271 1.800
T, 2 2 2 3 4 2876 2.556 1405 2510
} Toeeiinn, 2 2 2 3 5 8021 2.569 2568 2428
B 2 2 2 3 6 6083 2,11 1331 2.574
I 2 2 2 3 7 1967 2.161 425 2.059
2, i 1 1 1 1 1 70 2.500 829 4.290
2. iininn.. 1 1 1 1 2 287 4.662 1101 4.621
. 2. i, 1 1 1 1 3 114 3.447 462 5.097
- S 1 1 1 1 4 619 4,042 1566 4.473
- 1 1 1 1 5 480 4.117 1084 4.785
» 2..0000n... 1 1 1 1 8 152 4.020 433 6.109
2...00u.... 1 1 1 1 7 20 2.000 64 6.000
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Table 5.17. Wives 35 to 44 Years Old and Average Number of Children Ever Born (Rate) by
Family Income, Husband’s Education, Husband’s Occupation, Wife’s Labor Force .
Status, Wife’s Age at Marriage, and Race: Wives High School 4 Years and Wives
Not a High School Graduate, United States, 1970—Continued

Wives, high school Wives, not a high
4 years school graduate

Wife’s Wife's (population 1) (population 2)
Race age at labor force | Husband's | Husband’s | Family

marriage status occupation | education |income Size Rate Size Rate
n m 1 k | i Nigamn Tijaran Nijkirmn Tiamn
2. i 1 1 1 2 1 77 4.974 180 6.889
2. i, 1 1 1 2 2 312 4.426 197 4.401
2. il 1 1 1 2 3 342 2.877 280 3.111
-2 1 1 1 2 4 983 3.169 909 4.824
2.0, 1 1 1 2 5 925 3.675 834 3.893
2. i 1 1 1 2 6 337 4,080 271 2919
2. 1 1 1 2 7 22 4,000 23 4.000
- S 1 1 1 3 1 94 3.851 44 6.864
2. 1 1 1 3 2 45 2.467 161 4.851
2. i 1 1 1 3 3 160 3.662 48 5.000
2.0t 1 1 1 3 4 680 3.438 291 3.182
2.0 1 1 1 3 5 864 4.225 198 3.944
2. i, 1 1 1 3 6 361 3.925 120 3.583
2.000n.nt 1 1 1 3 7 163 4.350 13 3.000
2.0t 1 1 2 1 1 1802 4,935 11893 6.083
2., 1 1 2 1 2 2498 4.631 15641 5513
2. it 1 1 2 1 3 1765 4.015 7522 5.222
2. i 1 1 2 1 4 4951 4.243 18163 5.336
2..iii.t 1 1 2 1 5 3354 4.654 9962 5.643
2. it 1 1 2 1 6 886 3.763 2415 6.059
2. i 1 1 2 1 7 182 3.571 1029 6.412
2. i, 1 1 2 2 1 608 4.414 956 5.112 ‘
2. iiiinn 1 1 2 2 2 1322 3.575 1329 4.937
2. it 1 1 2 2 3 1338 3.235 956 4.812
2. i 1 1 2 2 4 3787 3.648 3147 4.362
2. iiiiinn 1 1 2 2 5 2709 4,042 1726 4.301
2. i 1 1 2 2 6 627 3.191 567 5.552
2. i 1 1 2 2 7 132 5.545 250 4.580
2. i 1 1 2 3 1 108 5.750 84 1.786
2. i, 1 1 2 3 2 310 5.545 224 7.188
2. it 1 1 2 3 3 103 5.146 240 5.275
2. i 1 1 2 3 4 446 3.090 241 6.469
2....00.... 1 1 2 3 5 469 3.678 308 4.029
2. i 1 1 2 3 6 59 2.051 116 4.362
2.0 1 1 2 3 7 61 3.180 47 3.489
2. i 1 2 1 1 1 113 3.850 424 3.976
- 1 2 1 1 2 185 2.703 631 4.174
2.......... 1 2 1 1 3 148 4,142 481 4.534
2 1 2 1 1 4 861 4,416 14860 3.903
2. i, 1 2 1 1 5 1312 3.091 2374 4.214
2., 1 2 1 1 6 543 3.169 714 3.922
2. iiiiinn. 1 2 1 1 7 314 2.8156 347 3.689
2. i, 1 2 1 2 1 75 1.573 45 1.5633
- S 1 2 1 2 2 265 4.083 109 2,248
2. i, 1 2 1 2 3 132 - 5,591 65 3.800
2. i 1 2 1 2 4 865 3.816 473 4,404
2, 1 2 1 2 5 2162 3.230 1112 3.987
2. e 1 2 1 2 6 1378 3.231 251 2.920
2.0t 1 2 1 2 7 581 3.372 166 4.199
2. i 1 2 1 3 1 24 4.000 62 2,048
2.......... 1 2 1 3 2 57 3.965 101 3.604
2., 1 2 1 3 3 77 5.649 97 3.216
2.0 1 2 1 3 4 549 3.109 288 3.073
2. 1 2 1 3 5 1414 3.071 561 3.961
- 1 2 1 3 6 1003 3.518 342 3.687 ‘
2. e 1 2 1 3 7 525 2.497 219 2.411
2. 1 2 2 1 1 1048 4.256 6796 5.257
2.......... 1 2 2 1 2 2376 4,559 12424 4,972
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Table 5.17. Wives 35 to 44 Years Old and Average Number of Children Ever Born (Rate) by
Family Income, Husband's Education, Husband's Occupation, Wife’s Labor Force
Status, Wife’s Age at Marriage, and Race: Wives High School 4 Years and Wives
Not a High School Graduate, United States, 1970—Continued

Wives, high school Wives, not a high
4 years school graduate

Wife’s Wife's (population 1) (population 2)
Race age at labor force |Husband’s |Husband’'s | Family

marriage status occupation | education |income Size Rate Size Rate
n m . k § i Nigamn Tiirnn Njiamn Tikimn
2.0 1 2 2 1 3 1963 4,090 7475 5.181
2. i 1 2 2 1 4 7153 4.035 21673 4.838
2. i, 1 2 2 1 5 9809 3.942 20226 4.838
2.0t 1 2 2 1 6 4197 3.729 6336 4.925
b 1 2 2 1 7 1139 3.258 2336 5.321
2. 1 2 2 2 1 347 3.787 301 4,704
2. iiiniinn. 1 2 2 2 2 1059 2.589 881 4.328
2t 1 2 2 2 3 624 3.316 564 5.394
2. i, 1 2 2 2 4 3186 3.724 2075 4.470
2. iiiiin.. 1 2 2 2 5 5840 3613 3411 3.944
2. i 1 2 2 2 8 2752 3.629 1162 4,731
2. 1 2 2 2 7 1064 3.570 308 4.263
- 1 2 2 3 1 115 2.826 96 4.094
2. iiiiinn, 1 2 2 3 2 213 4.784 137 4.664
2. i 1 2 2 3 3 137 3.584 36 2.000
- 1 2 2 3 4 573 3.590 408 3.990
2. ciiiinn 1 2 2 3 5 1364 3.488 633 3.444
2. iiinnn 1 2 2 3 6 679 3.110 199 3.935
2. i, 1 2 2 3 7 192 3.781 139 3.842
- 2 1 1 1 1 122 2.041 334 3.150
2. .iiiinin, 2 1 1 1 2 138 2.188 662 2.636
2. i 2 1 1 1 3 194 2.454 435 2.430
2. ... 2 1 1 1 4 544 2.364 959 4,092
2. 2 1 1 1 5 337 2.407 378 3.418
2.l 2 1 1 1 6 63 4.365 81 1.580
20 i 2 1 1 1 7 27 3.000 23 4,000
2. i 2 1 1 2 1 35 2.629 79 1.519
2. i, 2 1 1 2 2 144 2.201 144 2.542
2. iniinn, 2 1 1 2 3 214 2.542 229 1.520
2.0t 2 1 1 2 4 1023 2.382 523 2.790
2. it 2 1 1 2 5 809 2.447 165 1.485
2. i, 2 1 1 2 6 170 3.429 55 3.673
2. it 2 1 1 2 7 72 2.389 0 .000
2. i 2 1 1 3 1 41 1.000 0 .000
2.0t 2 1 1 3 2 233 3.129 79 4,570
- 2 1 1 3 3 161 3.584 61 3.541
- 2 1 1 3 4 635 2.551 240 3.162
2.0t 2 1 1 3 5 829 2.752 384 2.836
2. it 2 1 1 3 6 322 2.416 60 2.550
2. i, 2 1 1 3 7 151 2.722 62 6.532
2. it 2 1 2 1 -1 1495 3.418 7519 4.006
2. e 2 1 2 1 2 2377 3.109 9172 3.592
2. 0iiiiinen 2 1 2 1 3 1583 3.683 4260 3.714
2. i 2 1 2 1 4 3212 3.030 8614 3.793
2. 2 1 2 1 5 2095 3.261 4363 3.736
- S 2 1 2 1 6 212 3.745 781 4.303
- 2 1 2 1 7 186 3.656 239 3.393
2.0t 2 1 -2 2 1 680 3.346 760 4,068
2. iiiiinnn 2 1 2 2 2 1314 2.874 1263 3.121
2.0 2 1 2 2 3 842 2.350 957 3.304
2. i 2 1 2 2 4 2435 2.623 1771 3.267
2..0ini.n. 2 1 2 2 5 1531 2.830 1006 3.547
2.......... 2 1 2 2 6 349 3.559 119 2.437
2. i 2 1 2 2 7 124 4.573 83 6.301
2. i, 2 1 2 3 1 80 2.762 192 4.141
2.0, 2 1 2 3 2 82 4171 225 5.436
- 2 1 2 3 3 118 3.551 95 1.221
- 2 1 2 3 4 628 2.279 397 3.053
2.......... 2 1 2 3 5 305 3.469 184 2.668
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Table 5.17. Wives 35 to 44 Years Oid and Average Number of Children Ever Born (Rate) by
Family Income, Husband’s Education, Husband’s Occupation, Wife’s Labor Force .
Status, Wife’s Age at Marriage, and Race: Wives High School 4 Years and Wives
Not a High School Graduate, United States, 1970—Continued

Wives, high school Wives, not a high
4 years school graduate
Wife's Wife's (population 1) (population 2)
Race age at labor force |Husband’s | Husband's | Family
marriage status occupation | education |income Size Rate Size Rate
n m 1 k | i Nysarmn Tijamn Njamn Tigmn
2. ... 2 1 2 3 6 182 4.363 15 4.000
- 2 1 2 3 7 63 2.000 0 .000
2. e 2 2 1 1 1 153 2.340 309 2.460
2. ... 2 2 1 1 2 228 2.706 339 3.634
2., 2 2 1 1 3 164 927 264 3.114
2. i, 2 2 1 1 4 645 2.505 939 2.440
2. . it 2 2 1 1 5 998 2.462 1273 2.684
2. 00t 2 2 1 1 6 373 2.429 471 3.369
2. .. 2 2 1 1 7 84 1.679 110 3.100
2. i 2 2 1 2 1 103 2.330 61 .754
2. i, 2 2 1 2 2 42 3.095 146 2.247
2. i, 2 2 1 2 3 67 1.657 100 3.040
2. i, 2 2 1 2 4 596 2.250 340 1.771
2. . et 2 2 1 2 5 2125 2157 549 2.638
2. e 2 2 1 2 6 1083 2.435 248 3.931
2. 2 2 1 2 7 231 1.476 137 1.803
2. i 2 2 1 3 1 24 .000 0 .000
2. i 2 2 1 3 2 81 1.198 60 1.050
2. i 2 2 1 3 3 53 2.604 42 4.429
2. i 2 2 1 3 4 458 3.015 168 2.292
2. i 2 2 1 3 5 1210 2.093 524 2.842
2. i 2 2 1 3 6 756 1.907 169 2.734 .
2. i, 2 2 1 3 7 636 2.074 110 1.800
| 2. i 2 2 2 1 1 1213 2.607 4391 3.465
2. ..., 2 2 2 1 2 2093 2972 7044 3.185
2. ciiiin, 2 2 2 1 3 1175 2.698 4206 2.743
2. . i 2 2 2 1 4 5254 2.670 10954 3.145
2. . i 2 2 2 1 5 6804 2544 8990 3.145
2., 2 2 2 1 6 2121 2.429 2543 2917
2. i, 2 2 2 1 7 458 2.880 649 3.743
2. . 2 2 2 2 1 382 2.927 343 2.525
2 i 2 2 2 2 2 730 2.138 759 2.809
- 2 2 2 2 3 341 1.710 529 3.110
2.t 2 2 2 2 4 2454 2.395 1844 3.292
2. ... 2 2 2 2 5 4531 2.089 2374 2.714
2. i, 2 2 2 21 6 1612 2441 621 3.150
2. i 2 2 2 2 7 324 1.812 184 1.304
2. i 2 2 2 3 1 23 000 17 7.000
2. i 2 2 2 3 2 33 1.000 138 3.312
2. i, 2 2 2 3 3 21 2.000 140 1.843
2. ... 2 2 2 3 4 411 3.333 305 2.639
2. ... 2 2 2 3 5 1070 2.271 393 2.852
2. iiinn... 2 2 2 3 6 369 3.363 117 2.462
2...... 2 2 2 3 7 80 3.137 64 1.016
n=. ...] m=. =, k=. i=. i=. 3,369,852 3.005| 2,302,030 3.428

Source: U.S. Bureau of the Census (1973), Table 57. i = 1,2,...,7 (family income): less than $4,000, $4,000-$5,999, $6,000-$7,999,
$8,000-$9,999, $10,000-$14,999, $15,000-$19,999, greater than or equal to $20,000. ] = 1,2,3 (husband’s education): not a high
school graduate, high school 4 years, college 1 year or more. k = 1,2 (husband’s occupation): white collar worker, biue collar or
service worker. | = 1,2 (wife’s labor force status): not in labor force, in labor force. m = 1,2 (wife’s age at marriage): 14 to 21, 22
and over. n = 1,2 (race): White, Black.
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Program 5.6 (continued)
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Table 5.18. Standardization and Decomposition of Average Number of Children Ever Born in

Table 5.17
Standardization Decomposition

Average number of children ever born high s’:ﬁ;; High school Percent
graduate 4 years Difference distribution

(population 2) (population 1) (effects) of effects

(J,K,LLM,N,R)-standardized average 3.141 3.133 .008 () 1.9
(L,K,L,M,N,R)-standardized average 3.163 3.098 065 (J) 15.4
(1,J,LLM,N,R)-standardized average 3.1583 3.116 037 (K)| 8.7
(1,J,K,M,N,R)-standardized average 3.149 3.135 014 (1) 3.3
(1,J,K,L,N,R)-standardized average 3.169 3.114 .055 (M) 13.0
(1,J,K,L,M,R)-standardized average 3.159 3.121 .038 (N) 9.0
(1,J,K,L,M,N)-standardized average 3.279 3.073 .206 (R) 48.7
Overall average numbers 3.428 3.005 423 100.0

(Total effect)

where

Z = Product of all ratios with numerators having i; and r dots among the subscripts i, to i,
and the corresponding denominators the same as the numerators except for a dot for iy.  (5.37)

Again, as in (5.32) and (5.33),
R(M = (ly,lz....,|,)-standardized rate in population 1

7:1 toi, + ::h toi,
= § e | Teeers T , 5'38
P 5 I tol, (5.38)
I(A) = (llg,...,I,R)-standardized rate in population 1
b 101, +Ti, 101, ) ] .
= 3 — [Expression (2.47), i.e.,(2.50) xA; with (5.39)
450250204
’ additional subscripts i; to i, in each letter].
5.9 THE GENERAL PROGRAM

From Programs 5.1 through 5.6 corresponding to one through six factors (+ rate), a FORTRAN program
can be developed for any number of factors higher than six. However, it is not necessary to use different
programs for data involving different numbers of factors. A program written for, say, six-factor cross-
classified data can be used for any number of factors not exceeding six by changing basically the input and
output statements. No changes are necessary in the data files previously created to be used with the
specific programs.

Assuming that no one is expected to deal with more than six cross-classified factors, we provide below
a program (Program 5.7) for six factors that can be used as a general program for any number of factors
up to six. This general program is basically the same as the specific six-factor program (Program 5.6) used
for Example 5.9, except that the general program has 12 additional lines (lines 4 through 15) specifying the
numbers of categories of the factors and the numbers that denote the marginal totals (i.e., the dots) of the
factors. We show below the specific changes in Program 5.7 that will be needed to generate the resuilts
corresponding to Examples 5.1 through 5.9 in this chapter with the same data files used before:
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Example 5.1 (one factor + rate)

Line 1: Replace 9,8 and 8,7 in P and T by 14,5 and 13,4
Lines 4-9: Replace 8,7,6,5,4,2 by 13,1,1,1,1,1

Lines 21,22: Replace 8F10.0 and 8F10.3 by 13F5.1 and 13F5.1
Line 168: Replace J=1,6 by J=1,1

Example 5.2 (one factor + rate)

Lines 4-9: Replace 8,7,6,5,4,2 by 5,1,1,1,1,1
Lines 21,22: Replace 8F10.0 and 8F10.3 by 5F8.0 and 5F8.3
Line 168: Replace J=1,6 by J=1,1

Example 5.3 (two factors + rate)

Line 1: Replace 9,8 and 8,7 in P and T by 12,6 and 11,5
Lines 4-9: Replace 8,7,6,5,4,2 by 11,2,1,1,1,1

Lines 21,22: Replace 8F10.0 and 8F10.3 by 11F7.0 and 11F7.3
Line 168: Replace J=1,6 by J=1,2

Example 5.4 (two factors + rate)

Lines 4-9: Replace 8,7,6,5.4,2 by 3,2,1,1,1,1
Lines 21,22: Replace 8F10.0 and 8F10.3 by 6F5.0 and 6F5.2
Line 168: Replace J=1,6 by J=1,2

Example 5.5 (two factors + rate)

Line 1: Replace 9,7 and 8,6 in P and T by 11,6 and 10,5
Lines 4-9: Replace 8,7,6,5,4,2 by 10,7,1,1,1,1

Lines 21,22: Replace 8F10.0 and 8F10.3 by 10F8.0 and 10F8.2
Line 168: Replace J=1,6 by J=1,2

Line 170: Replace 15.3 by 15.2

Example 5.6 (three factors + rate)

Lines 4-9: Replace 8,7,6,5,4,2 by 7,5,2,1,1,1

Lines 21,22: Replace 8F10.0 and 8F10.3 by 7F10.0 and 7F10.2
Line 168: Replace J=1,6 by J=1,3

Line 170: Replace 15.3 by 15.2

Example 5.7 (four factors + rate)

Lines 4-9: Replace 8,7,6,5,4,2 by 6,2,6,2,1,1
Lines 21,22: Replace 8F10.0 and 8F10.3 by 6F10.0 and 6F10.3
Line 168: Replace J=1,6 by J=1,4

Example 5.8 (five factors + rate)

Lines 4-9: Replace 8,7,6,5,4,2 by 4,3,3,2,2,1

Lines 21,22: Replace 8F10.0 and 8F10.3 by 4F10.0 and 4F10.2
Line 168: Replace J=1,6 by J=1,5

Line 170: Replace 15.3 by 15.0

Example 5.9 (six factors + rate)

Lines 4-9: Replace 8,7,6,5,4,2 by 7,3,2,2,2,2
Lines 21,22: Replace 8F10.0 and 8F10.3 by 7F10.0 and 7F10.3
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The dimensions of P and T in line 1 of the general program (Program 5.7) are not made arbitrarily high
in order to keep the total load within the capacity of the computer. It is, therefore, sometimes necessary
to adjust the numbers depending on the categories of the factors in a particular example, as we did in
Examples 5.1, 5.3, and 5.5 above. When the number of factors is less than six, the categories of the
nonexistent factors are assumed to be 1 in lines 4 through 9 of the general program, as shown above.
Instead of making the numbers of categories of the factors part of the program in lines 4 through 9, they
can also be included in the data file to be read in the program.

The standardization and decomposition techniques described in this chapter for rates from cross-
classified data can be conveniently used to obtain more formally the results in the two studies, 7he Impact
of Demographic, Social, and Economic Change on the Distribution of Income, and Factors Affecting
Black-White Income Differentials: A Decomposition, by Gordon Green, Paul Ryscavage, and Edward
Waelniak (U.S. Bureau of the Census, 1992), based on the March CPS (Current Population Survey) data for
1970, 1980, and 1990. A similar formal approach is possible for the study entitled The Leve/ and Trend of
Poverty in the United States, 1939-1979, by Ross, Danziger, and Smolensky (1987).
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Program 5.7 (General Program for
up to Six Factors +Rate)
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Program 5.7 (continued)
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Chapter 6. Three Or More Populations

6.1 INTRODUCTION

The standardization and decomposition discussed in the preceding chapters involve only two popula-
tions. In many situations, however, we are interested in comparing three or more populations simulta-
neously. Clogg and Eliason (1988), for example, considered four parity groups of women and eliminated
the effects of their age compositions to obtain the adjusted percentages desiring more children in those
groups (Example 6.3). Santi (1989) compared the household headship rates for four years after eliminating
the effects of age composition from these rates (Example 6.2). Again, Smith and Cutright (1988) dealt with
the problem of standardizing illegitimacy ratios in the United States for five years (Example 6.5).

When there are more than two populations to be compared, we can carry out the same computations
more than once by taking two populations at a time. For example, if there are three populations 1, 2, and
3, we can compute three sets of results—between 1 and 2, between 2 and 3, and between 1 and 3.
Unfortunately, these three sets of results are not necessarily internally consistent (Das Gupta, 1991).

In order to illustrate the problem of internal inconsistency, let us again consider Example 5.9 discussed
in tables 5.17 and 5.18. Let us add one more population, namely, college 1 year or more (say, population
1), to the two existing groups, high school 4 years (population 2) and not a high school graduate (population
3). The three pairwise comparisons, similar to the one in table 5.18, are presented in table 6.1 (which,
obviously, includes the results in table 5.18).

Considering the first row in table 6.1, which represents the (J,K,L,M,N,R)-standardized rates and
l-effects, we immediately notice two problems as follows: -

1. For each population, there are two standardized rates. For example, for population 2, the standardized
rates are 2.871 and 3.133. We would like to have only one standardized rate for a population when
standardization is done with respect to the same factor or the same set of factors.

2. The l-effect in the comparisons of populations 1 and 2 and populations 2 and 3 are, respectively, .001
and .008. These two numbers add up to .009, which is different from the l-effect .035 in the
comparisons of populations 1 and 3. For consistency, we would like to see that these two numbers are
identical.

Table 6.1. Standardization and Decomposition of Average Number of Children Ever Born
Using 2 Populations at a Time

(See Example 5.9 and tables 5.17-5.18 for the description of the factors and the interpretation of the numbers)

" Decom- Decom- . Decompo-
Standardized rates position Standardized rates position Standardized rates sition
College Not a College Nota
High schoo! 1 year or high scheol 1 year or high school | High schoot
4 years more | Difference graduate more | Difference graduate 4 years | Difference
(population 2) | (population 1) | (effects) ] (population 3) | (population 1) | (effects) | (population 3) | (population 2) (effects)
2.871 2.870 .001 2,901 2.866 .035 3.141 3.133 .008
2.846 2.869 -.023 2.869 2.827 042 3.163 3.008 .065
2.868 2.854 .014 2.893 2819 074 3.153 3.116 .037
2.887 2.865 .022 2919 2.883 036 3.149 3.135 .014
2.925 2.826 .098 2.992 2.809 .183 3.169 3.114 .055
2.877 2.877 .000 2.906 2.893 013 3.159 3.121 .038
2.948 2,903 .045 3.154 - 2,956 1981 3.279 3.073 206
3.005 2.847 .158 3.428 2.847 581 3.428 3.005 .423
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Table 6.2. Standardization and Decomposition of Average Number of Children Ever Born Using
3 Populations Simultaneously

(Based on the standardized rates in table 6.1 as data)

Standardized rates Decomposition (effects)
Not a College
high school High school 1 year or oo

graduate 4 years more (population 2) (populatgon 3) (populat!on 3)
(population 3) (population 2) (population 1) ~({population 1) -(population 1) —(population 2_)
2.978 2.961 2952 .009 .026 017
2.981 2916 2.939 -.023 .042 .065
2.987 2.943 2.921 .022 .066 .044
2.990 2976 2.954 .022 .036 .014,
3.052 2.987 2.878 109 174 .065
2.989 2.960 2.968 -.008 .021 .029
3.187 2.998 297 .027 216 .189
3.428 3.005 2.847 .158 581 423

In order to resolve the above two problems for any number of populations N, let us gradually develop
formulas starting with three populations. We have used |, J, K,... to denote the factors in case of
cross-classified data, and a, 8, v,... to denote them in other situations. From now on, in all cases, we will
use a, B, v.... to denote the factors as well as the factor effects. For cross-classified data, the rate effect
will be treated as the effect of one of the factors, so that for a six-factor case, for example, we will have
seven factor effects.

6.2 THE CASE OF THREE POPULATIONS

Regardiess of how many factors are involved, let us consider only the factor a, since the formulas for
other factors will be exactly the same.

Let a,, denote the factor effect of a and a,, denote the standardized rate in population x controlied for
all other factors except a, when only populations x and y are compared. Let
corresponding numbers when populations x and y are compared in the presence of a third population:

population z (ayy = -y Geyz = “Ayxz Ayyz = Oy zy)-

We already know how to compute the factor effects and the standardized rates when we ‘compare‘.tyvo
populations at a time. Therefore, for populations 1, 2, and 3, we can obtain the values of the nine quantities
involved in the following three identities:

A1z =0p1—0Q2 Q3= 031—aA13, Q3= Ugza—U23. (6.1)
In order to have one standardized rate for each population and also internally consistent numbers, we

want to replace the nine numbers in (6.1) by six numbers that will satisfy the following three identities:

Q123 = A213—0Q123, Q432 == Og1a— 123, Oz = Ag12—A243. (6.2)

One way of achieving this is to substitute

A123 = Qy2, Qq32 = Q43, Oz31 = A43—02,

Q123 = Qy2, Oz43 =dgy, Oz2 = a2+ (ag1—as3). (6.3

There are, in fact, six possible ways we can revise the values in (6.1) in order to remove the_.two.
limitations inherent in these numbers. These six sets of numbers are shown in section A.4 in appendix A.
Taking the average over the six sets, we finaily obtain the standardized rate a, »; and the factor effect a5 5
as

aa+ay, (ap3—asq)+ (azo—ag1)
Q23 = 122 13+ 292 6 s (6.4)

a2 +apz—0aq3
3

(6.5)

Q123 = Q12 —

@,z and a,, denote the
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Other standardized rates and factor effects can be obtained from (6.4) and (6.5) by interchanging the
subscripts and/or replacing a by other factors. Equation (6.5) was given in Das Gupta (1991, equation 28).

Example 6.1

Let us again consider the expanded version of Example 5.9 presented in table 6.1. Obviously, this is a
case of three populations and seven factors. We have already demonstrated in section 6.1 that the
numbers in table 6.1 are not internally consistent. In order to obtain a consistent set of standardized rates
and factor effects from the numbers in table 6.1, we use the formulas in (6.4) and (6.5), and present the
computed values in table 6.2. For example, using the first line in table 6.1 corresponding to the factor a,
we have

iz = 2.870-;2.866 " (3.133—2.871)—;(3.141 —2.901) _ 2952,

.0014-.008-.035
3

=.009. (6.6)

A3 = 001 —

Obviously, the numbers in table 6.2 do not have the two limitations mentioned in section 6.1. First, each
population has now only one set of standardized rates, instead of two sets shown in table 6.1. Also, for any
of the factors, the effects corresponding to populations (1, 2) and populations (2, 3) now add up to the
effect corresponding to populations (1, 3), unlike the situation in table 6.1. For example, for the factor a in
table 6.2, .009 + .017 = .026. We should also note that the revised numbers in table 6.2 based on the
simultaneous treatment of the three populations preserve by and large the patterns and the characteristics
of the unrevised numbers in table 6.1. For example, for unrevised numbers in table 6.1, the factor effects
in the comparison of populations 1 and 3 are, in order of their magnitude, .198, .183, .074, .042, .036, .035,
and .013. For the revised numbers in table 6.2, the corresponding values are .216, .174, .066, .042, .036,
.026, and .021.

Program 6.1

The resulits in table 6.2 can be obtained by using Program 6.1 in which S(I,J,K)’s are the standardized
rates and R(J)’s are the crude rates in table 6.1. In other words, the data file consists of seven lines. The
first six lines are the six sets of standardized rates in table 6.1 in the same order, each line having seven
numbers with the format specified in line 8 of the program. The last line of the data file consists of three
numbers corresponding to the average numbers of children ever born in populations 1, 2, and 3,
respectively, with the same format in line 8. M and N in lines 2 and 3 of the program are, respectively, the
number of factors (including the rate) and the number of populations in this particular example. Program
6.1, when run with the data file described above, will generate the six columns of results shown in table 6.2.

6.3 THE CASE OF FOUR POPULATIONS

Using analogous notation, for a particular factor, there are 48 different ways the unrevised 12
standardized rates and six factor effects can be replaced to form a revised consistent set of four
standardized rates and six effects. These 48 sets of consistent numbers are shown in section A.5 in
appendix A. The averages over the 48 sets give us the following expressions for the standardized rate
@434 and the factor effect a5 3,:

a2 +aig+ars  (Apst+ass—2asy) + (Qgo+ass—2a31) + (as2+0s3—2a41)
s — , (6.7)
1.234 3 12

(aq2+agg—aq3) + (Aia+ads—aq4) 6.8
Q234 = Qg2 — 2 . (6.8)

Equation (6.8) was given in Das Gupta (1991, equation 30).
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Example 6.2

Let us again consider Example 5.1 (tables 5.1 and 5.2) based on the data from Santi (1989) using four
populations corresponding to the years 1970, 1975, 1980, and 1985 simultaneously. The six sets of
standardized rates and factor effects from pairwise comparisons are presented in table 6.3. Table 6.4 gives
the corresponding revised numbers obtained by using formulas (6.7) and (6.8). For example, the
age-standardized headship rates for 1970, 1975, 1980, and 1985 are, respectively, 44.955, 46.300, 47.307,
and 47.645. Santi provided two sets of these adjusted rates in table 5 of his paper. The CG-Purged rates
are 44.728, 46.357, 47.526, and 46.726, and the CD-Purged rates are 46.294, 47.930, 49.103, and 48.300.
All three sets of adjusted rates have very similar patterns. It is interesting to note that although the crude
headship rate for 1985 is higher than that for 1980, the adjusted rate for 1980 is the highest in each of the

three sets.

Table 6.3. Standardization and Decomposition of Househoid Headship Rates Using 2 Popula-
tions at a Time

(See Example 5.1 and tables 5.1-5.2 for the description of the factors and the interpretation of the numbers)

Standardized rates Decomposition Standardized rates Decomposition
1976 1870 Difference 1980 1970 Difference
(population 2) (population 1) (effects) {population 3) (population 1) (effects)
45.007 45,372 -375 45.977 45,883 094
45,846 44,534 1.312 47.097 44,762 2,335
45.674 44,727 047 47.156 44,727 2.429
1985 1970 Difference 1980 1975 Difference
(population 4) (population 1) (effects) (population 3) (population 2) (effects)
46.815 45.588 1.227 46.658 46.162 496
47.071 45,331 1.740 46.903 45.917 .086
47.694 44,727 2.967 47.156 45.674 1.482
1985 1875 Difference 1985 1980 Difference
(population 4) (population 2) (effects) (population 4) (population 3) (effects)
47.507 45.819 1.688 48.034 46.797 1.237
46.829 46.497 332 47.066 47.765 -.699
47.694 45.674 2.020 47.694 47.156 538

Table 6.4. Standardization and Decomposition of Househoid Headship Rates Using 4 Populations
Simultaneously

(Based on the standardized rates in table 6.3 as data)

Standardized rates

1985 1980 1975 1870
(population 4) (population 3) (population 2) (population 1)
47.340 46.140 45.665 486.063
46.845 47.307 46.300 44.955
47.694 47.156 45.674 44.727
Decomposition (effects)
(population 2) (population 3) (population 4) {population 3) (population 4) (population 4)
—(population 1) —(population 1) —(population 1) -{population 2) -(population 2) ~(population 3)
-.398 077 1.277 475 1.675 1.200
2.352 1.690 1.007 345 -.662

1.345

047

2.429

2.967

1.482

2.020

538
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The results in table 6.4 can be obtained by using Program 6.1 by making the following changes in the
program:

1. Replace M=7 and N=3 in lines 2 and 3 by M=2 and N=4
2. Replace 7F8.3, 3F8.3, and 3F8.3 in lines 8, 30, and 35 by, respectively, 4F8.3, 4F8.3, and 6F8.3 .

The data file consists of seven lines of which the first six lines are the six sets of four standardized rates
in table 6.3. For example, line 1 has the four numbers 45.007, 45.846, 45.372, and 44.534 in this order. The
last line of the data file consists of four numbers corresponding to the household headship rates for 1970,
1975, 1980, and 1985.

Example 6.3

We now consider an expanded version of Example 5.2 (tables 5.3 and 5.4) based on the data from
Clogg and Eliason (1988) for four parity groups 1, 2, 3, and 4+ (designated as populations 4, 3, 2, and 1,
respectively). The unrevised six sets of standardized rates and factor effects using two populations at a
time are presented in table 6.5. The corresponding revised numbers obtained by using the four populations
simultaneously are given in table 6.6. The age-standardized percents desiring more children for the parity
groups 1, 2, 3, and 4+ are, respectively, 57.805, 23.460, 18.993, and 18.512. Table 3 of the paper by Clogg
and Eliason gave these adjusted numbers as 57.7, 20.1, 18.2, and 16.9, respectively. These two sets of
adjusted rates are in good agreement particularly when the corresponding crude percentages are as widely
different as 72.093, 26.065, 16.431, and 11.489.

The results in table 6.6 can be obtained by using Program 6.1 by making the following changes in the
program (which are the same as the changes in the case of Example 6.2):

1. Replace M=7 and N=3 in lines 2 and 3 by M=2 and N=4
2. Replace 7F8.3, 3F8.3, and 3F8.3 in lines 8, 30, and 35 by, respectively, 4F8.3, 4F8.3, and 6F8.3 .

Again, the data file consists of seven lines of which the first six lines are the six sets of four standardized
rates in table 6.5. For example, line 1 has the four numbers 15.418, 14.747, 12.276, and 12.947 in this
order. The last line of the data file consists of four numbers corresponding to the percents desiring more
children for parity groups 4+, 3, 2, and 1.

Exampie 6.4

Yet another example of the case of four populations is the expanded version of Example 3.5 (tables
3.9 and 3.10) based on the data from Wojtkiewicz, McLanhan, and Garfinkel (1990) for the four years
1950, 1960, 1970, and 1980. The unrevised six sets of standardized rates and factor effects using two
populations at a time are presented in table 6.7. The corresponding revised numbers obtained by using the
four populations simultaneously are given in table 6.8. Obviously, these numbers are internally consistent.
For example, in the first line of the effects, 3.62, 2.88, and 1.97 add up to 8.47, as they should. Also the
revised numbers display the same patterns as do the unrevised numbers based on pairwise comparisons.
For example, the unrevised factor effects in the comparison of 1950 and 1980 are 8.72, 22.78, -0.58, -1.46,
0.34, and 2.52, which change to 8.47, 24.11, -1.37, -1.64, 0.19, and 2.56 in the revised set, the total for
each set of numbers being 32.32.

The results in table 6.8 can be obtained by using Program 6.1 by making the following changes in the
program:

1. Replace M=7 and N=3 in lines 2 and 3 by M=6 and N=4
2. Replace 7F8.3, 3F8.3, and 3F8.3 in lines 8, 30, and 35 by, respectively, 12F6.2, 4F8.2, and 6F8.2 .

The data file consists of seven lines of which the first six lines are the six sets of 12 standardized rates
in table 6.7. For example, line 1 consists of the 12 standardized rates in the first two columns
(corresponding to 1860 and 1950) in table 6.7. The last line of the data file has four numbers that are the
family headship rates for 1950, 1960, 1970, and 1980, respectively.
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Table 6.5. Standardization and Decomposition of Percents Desiring More Children Using
‘ 2 Populations at a Time
(Seo Example 5.2 and tables 5.3-5.4 for the description of the factors and the interpretation of the numbers)
Standardized rates Decomposition Standardized rates Decomposition
Parity 3 Parity 4+ Difference Parity 2 Parity 4+ * Difference
(population 2) (population 1) (effects) (population 3) (population 1) (effects)
15.418 12.276 3.142 22.380 13.194 9.186
14.747 12.947 1.800 20.482 15.092 5.390
16.431 11.489 4942 26.085 11.489 14.576
Parity 1 Parity 4+ Difference Parity 2 Parity 3 Difference
(population 4) (population 1) (effects) (population 3) {population 2) (effects)
48.619 25.547 23.072 23.078 18.201 4.877
55.849 18.317 37.532 23.018 18.261 4.757
72.093 11.489 60.604 26.065 16.431 9.634
Parity 1 Parity 3 Difference Parity 1 Parity 2 Difference
(population 4) (population 2) (effects) (population 4) (population 3) (effects)
48.635 32.813 15.822 53.551 42.600 10.951
60.644 20.804 39.840 65.614 30.537 35.077
72.093 16.431 55.662 72.093 26.065 46.028

Table 6.6. Standardization and Decomposition of Percents Desiring More Children Using
4 Populations Simuitaneously

. (Based on the standardized rates in table 6.5 as data)
Standardized rates
Parity 1 Parity 2 . Parity 3 Parity 4+
(population 4) (population 3) (population 2) (population 1)
42,154 30.471 25.304 20.843
57.805 23.460 18.993 18.512
72.093 26.065 16.431 11.489

Decomposition (effects)

(population 2) (population 3) (population 4) (population 3) (population 4) (population 4)
-(population 1) —{population 1) ~{population 1) ~(population 2) -(population 2) —(population 3)
4.461 9.628 21.311 5.167 16.850 11.683

481 4.948 39.203 4.467 38.812 34.345

4.942 14.576 60.604 9.634 55.662 46.028
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Table 6.7. Stan_cll-lardlzatlon and Decomposition of Family Headship Rates Using 2 Populations
at a Time

(See Example 3.5 and tables 3.9-3.10 for the description of the factors and the interpretation of the numbers)

Decom- Decom- . Decompo-

Standardized rates position Standardized rates position Standardized rates sition
Differ- Differ- Differ-

1960 1950 ence 1970 1950 ence 1980 1950 ence
{population 2) | (population 1) | (effects) ] (population 3) | (population 1) | (effects) | (population 4) | (population 1) |  (effects)
28.88 25.42 3.46 35.38 28.98 6.40 42,03 33.31 8.72
28.13 26.20 1.93 37.55 26.76 10.79 49.14 26.36 22.78
28.69 25.60 3.09 33.43 31.15 2.28 37.84 38.42 -0.58
27.53 26.85 0.68 32.29 32.51 -0.22 37.43 38.89 -1.46
27.28 27.14 0.14 3245 32.31 0.14 38.21 37.87 0.34
27.25 2717 0.08 32.97 31.79 1.18 39.25 36.73 252
32.08 22.70 9.38 43.27 22.70 20.57 55.02 22,70 32.32
Differ- Differ- Differ-

1970 1860 ence 1980 1860 ence 1980 1970 ence
(population 3) | (population 2) | (effects) | (population 4) | (population 2) | (effects) | {population 4) | (population 3) | (effects)
39.06 36.27 2.79 46.19 41.40 4.79 50.19 48.40 1.79
42.76 32.67 10.09 56.09 32.16 23.93 56.54 42,32 14.22
36.96 38.54 -1.58 41.44 46.99 -5.56 47.35 51.48 -—4.14
37.18 38.27 -1.09 42,72 45.30 -2.58 48.58 50.09 -1.51
37.62 37.85 -0.23 43.82 44.15 -0.33 49.37 49.25 0.12
38.32 37.11 1.21 45.22 42.54 2.68 49.93 48.66 1.27
43.27 32.08 11.19 55.02 32.08 22,94 55.02 43.27 11.76

Table 6.8. Standardization and Decomposition of Family Headship Rates Using 4 Populations
Simuitaneously

(Based on the standardized rates in table 6.7 as data)

Standardized rates
1980 1970 1960 1950
(population 4) (population 3) {population 2) (population 1)
41.78 30.81 36.93 33.31
53.29 39.72 30.03 28.18
35.59 39.37 40.71 36.96
36.75 38.19 39.23 38.39
38.14 38.05 38.28 37.95
39.69 38.35 37.12 37.13
55.02 43.27 32.08 22.70
Decomposition (effects)
(population 2) (population 3) (population 4) (population 3) (populat!on 4) (population 4)
-(population 1) —(population 1) —{population 1) —(population 2) —{population 2) —(population 3)
3.62 6.50 8.47 2.88 4.85 1.97
0.85 10.54 24.11 9.69 23.26 13.57
3.75 241 -.37 —1.34 —5.12 —-3.78
0.84 —0.20 —1.64 —1.04 —2.48 —.44
0.33 0.10 0.19 -0.23 —0.14 0.09
—-0.01 1.22 2.56 1.23 2.57 1.34
9.38 20.57 32.32 11.19 22.94 11.75

6.4 THE CASE OF FIVE POPULATIONS

Using analogous notation and proceeding as in sections A.4 and A.5 in the appendix, it is easy to show
that the standardized rate a, ,3,5 and the factor effect a5 445 in five populations have the expressions
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5 5 ,
Zay 23 a;— 3l
=2

= 6.9

5
123 (a12+ag—ayy)

Uy2.346 = Q12 — 5 (6.10)

Example 6.5

Let us again consider Example 4.4 (tables 4.7 and 4.8) based on the data for illegitimacy ratios from
Smith and Cutright (1988) using five populations corresponding to the years 1963, 1968, 1973, 1.978, and
1983 simultaneously. The 10 sets of standardized rates and factor effects from pairwise comparisons are
presented in table 6.9. Table 6.10 gives the corresponding revised numbers obtained by using formulas
(6.9) and (6.10). These numbers are self-explanatory. It may be noted that the factor effects of -6.20, 48.66,
27.06, and 24.71 in table 4.8 for a comparison between 1963 and 1983 are now replaced by -8.18, 51.11,
32.00, and 19.30, respectively, in table 6.10, the total difference between the illegitimacy ratios in 1963 and
1983 being 94.23. .

The results in table 6.10 can be obtained by using Program 6.1 by making the following changes in the
program:,

1. Replace M=7 and N=3 in lines 2 and 3 by M=4 and N=5
2. Replace 7F8.3, 3F8.3, and 3F8.3 in lines 8, 30, and 35 by, respectively, 8F7.2, 5F8.2, and 10F8.2 .

The data file consists of 11 lines of which the first 10 lines are the 10 sets of eight standardized rates
in table 6.9. For example, line 1 consists of the eight standardized rates in the first two columns
(corresponding to 1968 and 1963) in table 6.9. The last line of the data file has five numbers that are the
illegitimacy ratios for 1963, 1968, 1973, 1978, and 1983, respectively.

6.5 THE COMBINED PROGRAM

in Examples 6.1 through 6.5, the final results are obtained in two steps by using two separate comp.uter
programs. In the first step, the basic data for several years are used as input to compute the standardized
rates and the factor effects for all possible pairwise comparisons. In the second step, the computed
standardized rates in the first step are used as input to finally obtain the revised set of standardized rates
and factor effects. In Example 6.5, for example, the data for five years (1963, 1968, 1973, 1978, apd 1983),
similar to those given in table 4.7 for 1963 and 1983, are used as input in Program 4.4 to obtain 10 sets
of standardized rates in table 6.9, similar to the set in table 4.8. These 10 sets of standardized rates are
then used as input in Program 6.1 (for M=4 and N=>5) to obtain the final results in table 6.10.

For any particular example, the two computer programs for the two steps can be easily combined ir)tp
one so that the final results can be obtained directly by using the basic data as the input, without the exp}ucut
feeding of the second set of input data. For Example 6.5, Program 6.2 is such a combined program, which,
obviously, is the combination of Programs 4.4 and 6.1. Program 6.2, when used with the data file created
from the data for five years given in table 6.11, will generate results identical with those in table 6.10
(except that the standardized illegitimacy ratios will now be for each birth, instead of 1,000 births). The data
file, based on table 6.11, consists of 20 lines, each year occupying four lines corresponding to four columns
of six numbers.

6.6 THE GENERAL CASE OF N POPULATIONS (INCLUDING TIME SERIES)

It is obvious from equations (6.4) through (6.10) that the standardized rate and the factor effect for N

populations can be written as
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Table 6.9. Standardization and Decomposition of lllegitimacy Ratios Using 2 Populations
at a Time .
(See Example 4.4 and tables 4.7-4.8 for the description of the factors and the interpretation of the numbers)

Standardized rates Decomposition Standardized rates Decomposition
1968 1963 Difference 1973 1963 Difference
(population 2) (population 1) (effects) (population 3) (population 1) (effects)
4184 40.87 0.97 46.61 46.44 0.17
43.74 38.71 5.03 50.26 42.29 7.97
44,77 37.65 712 47.52 45.63 1.89
45,75 36.60 9.15 57.14 35.15 21.99
53.22 30.95 22.27 62.97 30.95 32.02
1978 1963 Difference 1983 19683 Difference
(population 4) (population 1) (effects) (population 5) (population 1) (effects)
56.80 58.37 —-1.57 7151 7771 —6.20
69.27 44,02 25.25 96.08 47.42 48.66
61.41 53.38 8.03 86.30 5§9.24 27.06
68.46 44.23 24.23 84.34 59.63 24.7
86.89 30.95 55.94 125.18 30.95 94.23
1973 1968 Difference 1978 1968 Difference
(population 3) (population 2) (effects) (population 4) (population 2) (eftects)
58.05 §9.09 —1.04 68.81 72.57 —3.76
60.00 57.08 2.92 81.86 58.99 22.87
55.09 62.48 —7.39 70.76 71.06 -0.30
66.28 51.02 15.26 77.63 62.77 14.86
62.97 §3.22 9.75 86.89 53.22 33.67
1983 1968 Difference 1978 1973 Difference
(population 5) (population 2) (effects) (population 4) (population 3) (effects)
84.10 94.37 —10.27 73.82 76.64 —2.82
112.35 62.94 49.41 85.18 65.10 20.08
99.04 77.30 21.74 80.12 70.13 9.99
93.47 82.39 11.08 73.57 76.90 —3.33
125.18 53.22 71.96 86.89 62.97 23.92
1083 1973 Difference 1983 1978 Difference
(population 5) (population 3) (effects) (population 5) (population 4) (effects)
89.61 99.62 —10.01 102.16 109.89 —-7.73
116.71 70.21 46.50 117.57 93.53 24.04
112.00 74.90 37.10 120.58 90.58 30.00
89.05 100.43 —11.38 102.08 110.10 —8.02
125.18 62.97 62.21 125.18 86.89 38.29

N N N
‘220»1.1 lzz[lglau — (N-2) ay4]
iz N = I:l—1 — N(N—T) ) (6.11)
N
%(th +ag—ay)
Q1234.N = Q12 — — N (6.12)
Equation (6.12) was given in Das Gupta (1991, equation 31). .

The above general formulas in (6.11) and (6.12) can be conveniently used to handle the problems of
standardization and decomposition when time-series data are involved. The following two examples deal
with the revision of age-sex-adjusted birth rates and age-adjusted death rates for the period 1940-1990
provided by the National Center for Health Statistics (1990a, table 1-3; 1990b, table 1-3). Curtin, Maurer,
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Table 6.10. Standardization and Decomposition of lllegitimacy Ratios Using 5 Populations
Simultaneously

(Based on the standardized rates in table 6.9 as data)

Standardized rates

1983 1978 . 1973 1968 1963
(poputation 5) (population 4) (population 3) {population 2) (population 1)
64.59 71.35 73.83 74.65 72.77
104.39 79.50 59.53 56.63 53.28
94.18 68.54 60.48 69.61 62.18
7413 79.61 81.24 64.44 54.83
125.18 86.89 62.97 53.22 30.95

Decomposition (effects) .
(population 2) (population 3) (population 4) (populafion 5) (populat;on 3)
—(population 1) —(population 1) ~(population 1) ~(population 1) ~(population 2)
1.88 1.06 -1.42 -8.18 -0.82
3.35 6.25 26.22 51.11 2.90
7.43 -1.70 6.36 32,00 -9.13
9.61 26.41 24,78 19.30 16.80
22.27 32.02 55.94 94.23 9.75
(population 4) (population 5) (populatioh 4) (population 5) (population 5)
—(population 2) -(population 2) ~(population 3) ~(population 3) —(population 4)
-3.30 -10.06 -2.48 -9.24 -6.76
22.87 47.76 19.97 44.86 24.89
-1.07 24,57 8.06 33.70 25.64
15.17 9.69 -1.63 -7.11 -5.48
33.67 71.96 23.92 62.21 38.29

and Rosenberg (1980); Johansen (1990); and many authors have thoroughly examined whether the
National Center for Health Statistics (NCHS) should continue to use the 1940 U.S. population as the
standard for the computation of age-sex-adjusted birth rates and age-adjusted death rates, or replace it by
the U.S. population of a more recent year. Although they have made specific recommendations on this
issue, the theoretical question of the validity of the standardized rates (as computed presently by using one
of the real populations as the standard) as measures of composition-controlled relative rates has not been
adequately addressed.

In computing the age-adjusted death rates, for example, the age-specific death rate-adjusted death
rates should also be considered side by side, and we should make sure that these two sets of adjusted
death rates are internally consistent from the point of view of the decomposition of the difference between
the crude death rates for any two years into the age effect and the rate effect, as explained in section 2.1
(internal inconsistencies of the type indicated in section 6.1 do not arise when there is only one
age-adjusted death rate and only one rate-adjusted death rate for any year). A simple direct standardization
by using a single population (say, for 1940 or for 1990) as the standard will not pass this test. The answer
lies in formula (6.11) where the final standardized number is a composite of the standardized rates based
on all possible pairwise comparisons of the given populations, as demonstrated in the following two
exampies.

Example 6.6

Table 6.12 gives the populations in thousands and the corresponding birth rates per 1,000 population
in nine age-sex-groups for the 51 years 1940-1990 for the United States. The rate-adjusted birth rates and
the age-sex-adjusted birth rates for these years, based on formula (6.11), are shown, along with the crude
birth rates, in columns (2) through (4) of table 6.13.

The age-sex-adjusted birth rates in column (4) of table 6.13 are uniformly lower than the corresponding
adjusted rates for all 51 years provided by the NCHS based on the 1940 population as the standard (figure
1). Since we study the relative magnitudes of the adjusted rates rather than their absolute magnitudes, the
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Table 6.11. lllegitimacy Ratio as a Function of Four Vector-Factors: United States, Whites, 1963,
1968, 1973, 1978, and 1983

(For explanation of notation and source of data, see Example 4.4 and Table 4.7)

; llegitimacy
Age groups i W, /W U, /W, I 7V, L /M ratio (R)
1963 (population 1)
15t019.......... | P .200 .866 .007 .454
20to 24.......... 2. ..., .163 325 .021 326
25t029.......... H 146 1189 .023 195 .03095
30to34.......... 4......... .154 .099 .015 107
35t039.......... [ .168 .099 .008 .051
40to4d4.......... 6....cu0.. 169 A2 .002 015
1968 (population 2)
151019.......... 1o, 215 801 010 433
20t024.......... 2.0, 191 373 .023 248
25t029.......... K R .156 24 .023 169 .05322
. 30to34.......... 4......... 137 100 .015 .079
351t039.......... 5.0 144 107 .008 .037
40to44.......... 6...00uun. 157 127 .002 011
1973 (population 3)
15t019.......... 1.0, 218 870 o 314
20to24.......... 2. ....... .203 .396 .016 .181
25t029.......... K I 175 .158 017 133 .06297
30to34.......... 4......... 144 A28 011 063
35t039.......... N §- I J27 113 .006 .023
40to44.......... [ 133 129 .002 .006
1978 (population 4)
15t019.......... 1., 205 .800 .014 313
20to 24.......... 2. . iiinenn .200 484 .019 191
25t029.......... ... 181 .243 015 143
30t034.......... 4.0, .162 176 .010 .069 .08689
35t039.......... 5......... 134 155 .005 021
40to44.......... 6......... 118 .168 .001 .004
1983 (population 5)
15to19.......... 1oo0ia, .169 931 .018 .380
20to 24.......... 2.0, 195 .563 .026 .201
251029.......... ... .190 311 .023 149 12518
30to34.......... 4......... A74 .216 .016 .079
351t039.......... L .150 .199 .008 .025
40to 44.......... 6......... 122 191 .002 .008

fact that the NCHS rates are always higher than the present rates per se does not provide any justification
for treating either of the sets more favorably than the other. However, the NCHS rates do not satisfy the
criteria of internal consistencies, whereas the present rates in table 6.13 are internally consistent for any
two years.

To illustrate this point, let us choose any two years, say, 1941 and 1957. From the birth rates in table
6.13, the age effect is -5.2 (the difference between the rate-adjusted rates) and the rate effect is 10.1 (the
difference between the age-sex-adjusted rates), and these two effects add up to 4.9, which is the same as
the difference between the crude birth rates in 1941 and 1957. On the other hand, using the 1940
population as the standard, the rate-adjusted rates in 1941 and 1957 are 19.4 and 15.5 (so that the age
effectis -3.9), and the age-sex-adjusted rates are 20.3 and 32.2 (so that the rate effect is 11.9). In this case,
the two effects add up to 8.0, which is different from the difference between the two crude birth rates,
namely, 4.9. It is easy to show that this inconsistency will still exist if the population for 1990 or for any other
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Table 6.12. Population and Birth Rates by Nine Age-Sex Groups: United States, 1840 to 1880

, . Female
Year
, 10to14| 15t019| 20t024| 25t029] 30to 34| 351039 40to 44| 45 to 48 |Remainder
Population in thousands
1940, .....ciiiiiieenn 5777 6145 5907 5665 5102 4823 4387 4057 80169
f 1941 .o iiiiiiiiinine 5699 6107 5943 5731 5270 4908 4463 4119 91162
1942, ... .ciiiininininen 5608 6059 6972 5788 5340 4986 4536 4185 92386
| 1943......cccviinennn.. 5507 6000 5990 5839 5407 5061 4609 4252 94074
1944........coiintn 5395 5930 5999 5887 5472 5137 4681 4318 96578
' 1945.......00iivinnnan, 5294 5844 5995 5938 5539 5218 4756 4382 96962
‘ 1946.........cc0vnuene 5260 5735 5099 6004 5609 5306 4831 4432 98213
: . 1947..ceiiiiiinnnnnns 5252 5616 5085 6080 5683 5410 4908 4468 100724
' 1948.......cc00vihanen 5308 85497 5957 6157 5761 5524 4989 4497 102041
) 1949, .....00ineinnnne, 5388 5382 5917 6227 5838 5641 5073 4528 105184
‘ 1850...ccviieniannnnn, 5506 5204 | 5886 6291 5942 5762 5169 4576 107845
! 1961, . ciieina e, 5650 5240 5800 6248 6053 5819 5260 4670 110138
1952......c0viiinnnnnn, 5872 5235 5692 6187 6167 5873 5353 4790 112384
' 1953, ...cviiiiiinnnnnn. 6218 5307 5547 6148 6221 5919 5443 4902 114479
’ 1964.......c000vvvnnnn. 6475 5410 5425 6064 6294 5961 6522 5019 116856
' 1956.....ccivvvvnnnnnn. 6694 5482 5363 5977 6337 6023 5596 5131 119328
' 1956.......00000vnnnnn. 6833 5628 5317 5907 6309 6132 5672 5220 121886
) 1957, ciiiiiiiinnnnn. 7387 5843 5312 5812 6257 6243 5744 5309 124077
1858, .....c0cvenvnene. 7636 6186 5384 5679 6231 6296 5810 5397 126263
X 1959, .. cviiiniinnnnn, 7971 6436 5483 5563 6156 6365 5871 5473 128513
1960.....c0000uenvnnnn 8323 6639 5564 5512 6078 6402 5948 5535 120080
1861.....civnennnnnne, 8771 6794 6737 5476 5985 6400 6043 5585 132201
| 1962......c0viiviiinnn, 8749 7376 5973 5468 5876 6362 6152 5631 134184
' 1963......c00iviinnnnn, 8911 7647 6345 5533 6767 6297 6256 5683 136044
: 1964, .. ...0iviinvnnnnn. 8114 8008 6618 5637 5658 6212 6332 6747 1378156
, ‘ 1865.......cviiivnnnnnn 9357 8386 6846 5727 5607 6121 6368 5827 139287 .
1866......cc00cvnvnnnen 9565 8842 6993 5889 5579 6030 6373 5925 140380
! 1967....cvciiiiiiinnn, 9800 8836 7581 6105 5585 5933 6347 6038 141232
1968..........000000ee 9990 0013 7847 6455 5659 5829 6204 6148 142164
1969......00c0vvnnene. 10128 9234 8187 6696 5768 5725 6222 6230 143195 -
1970........ eeraearans 10230 9517 8544 6914| ~ 5871 5679 6148 6277 144804
) 1971..c0evvnneen. e 10346 9740 9027 7061 6036 5665 6062 6280 146610
1972, i 10347 9988 9021 7652 6268 5688 5971 6223 148128
1978...cviiiiiiene, 10310 10193 9108 7018 6652 5744 6885 6178 149279
1974....cocoviviinnn, 10243 10349 9415 8282 6929 5838 5797 6114 150377
1975, 0viiiniinnennnnn, 10112 10465 9677 8660 7173 5931 5700 6072 151675
1976, . iiiiiiinnnnns 0837 10682 9901 9157 7317 6075 5689 5904 163011 -
K 1977 ittt eiin 9550 105681 10152 9157 7928 62683 5713 5910 154486
1978, ccviiiiinininnn, 9262 10555 10373 9357 8205 6651 6780 5838 156074
1978, . iiiviiiiiennnnen, 9031 10498 10541 9597 8579 6918 5883 5768 167754
1980.......00000vennees 8923 10377 10680 9896 8974 7159 5988 6677 159581
. 1081, .. i 8953 10080 10790 10132 9481 7310 6136 5643 161112
1982.....iiivinnennnnn, 8877 9779 10781 10386 9482 7918 6354 5656 162753
| L= - 8747 9471 10729 10607 9672 8201 6699 5754 164404
1984, .....c0iiiiinnnnn, 8544 9231 10642 10763 9800 8584 6942 5874 165987
' 1985......00000cinnnen, 8339 9106 10482 10869 10172 8967 7167 5968 167666
1986......cc00vvvnnnnn. 8078 9128 10183 10082 10407 0467 7316 6110 160436
) 1987, . cieiiiiinnnnn, 8035 8047 0877 10971 10674 0466 7929 6325 171103
1888.......c000vvinnnnn 8102 8923 9576 10924 10895 9660 8210 6668 172847
, 1989, ... .coviiiiiininnns 8260 8721 0335 10837 11059 9890 8589 6820 174648
1990.....cvievinnnennes 8447 8525 9223 10691 11178 10167 8987 7160 176648
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Table 6.12. Population and Birth Rates by Nine Age-Sex Groups: United States, 1940 to
1980—Continued ‘
Female
Year
10to 14| 151019 20t0 24| 25t029| 30t0 34| 3510 39| 4010 44| 45 to 49 | Remainder
Birth rates per 1,000 population

1940, ...00ievinnnnn... 7 54.1 135.6 122.8 83.4 46.3 16.6 1.9 0
1941, 00, 7 56.9 1454 1287 853 46.1 15.0 1.7 0
1942, .., 7 61.1 165.1 142.7 91.8 47.9 14.7 1.6 0
1943, ... 8 61.7 164.0 147.8 99.5 52.8 16.7 1.5 .0
1944, . .0ciivinnn..., 8 54.3 151.8 136.5 98.1 54.6 16.1 1.4 0
1945, ..., 8 51.1 138.9 132.2 100.2 56.9 16.6 1.6 0
1946, .. 00.vineinnnn.. 7 59.3 181.8 161.2 108.9 58.7 16.5 1.5 0
1947, 0iiiiiiiinann 9 79.3 200.7 176.0 1119 58.9 16.6 1.4 0
1948, ... 0iiiiinnnn., 1.0 81.8 200.3 163.4 103.7 54.5 16.7 1.3 0
1949, ...00veiennnnnn.. 1.0 83.4 200.1 165.4 102.1 53.5 15.3 1.3 .0
1960. .. 0iiiieniinnnnn. 1.0 81.6 196.6 166.1 103.7 52.9 15.1 1.2 0
1951, iiiiiiiiiiinnnn 9 87.6 211.6 175.3 107.9 54.1 15.4 1.1 0
1952, .. iiiiiiniinnnnn, 9 86.1 217.6 182.0 1126 55.8 15.5 1.3 0
1963, ..t 1.0 88.2 2246 184.1 113.4 56.6 15.8 1.0 0
1954, .0 0uiiininnn., 9 90.6 236.2 188.4 116.9 57.9 16.2 1.0 0
1955, 0 iiiieiennnnn 9 90.5 242.0 190.5 116.2 58.7 16.1 1.0 0
1956. . v, 1.0 94.6 253.7 194.7 117.3 59.3 16.3 1.0 0
1957, e, 1.0 86.3 260.6 199.4 118.9 59.9 16.3 1.1 0 {
1958, ...civiiennnnn, 9 91.4 258.2 198.3 116.2 58.3 15.7 9 0
1959, ...t 9 90.4 260.1 200.5 115.6 58.2 16.5 1.1 0
1960.....0veieeinnnnnn. 8 89.1 258.1 197.4 112.7 56.2 15.5 9 0
1961..00iviiineinnnnnn. 9 88.6 251.9 197.5 118.2 55.6 15.6 9 0
1962, ...0iiviiennnns, 8 81.4 241.9 191.1 108.6 52.6 14.9 9 0
1963...0cvvviieennnnnn, .9 76.7 229.1 185.1 105.8 51.2 14.2 9 .0 .
1964. . ..cciievnnnnnnn. 9 73.1 2175 1787 103.4 49.9 13.8 8 0
1965. .00 iirineennnnn, 8 70.5 195.3 161.6 94.4 46.2 12.8 8 .0
1966, ... 0cvirennnnnnn. 8 70.3 185.6 148.2 85.1 419 11.7 7 0
1967, i, 9 67.5 172.9 142.1 78.7 38.3 10.6 7 0
1968....iviiiennennnnn, 1.0 65.6 166.5 140.0 74.2 35.4 9.6 8 0
1969, .. ..0uiivvnnnn... 1.0 65.5 165.7 143.0 735 33.1 8.8 5 0
1L:7( T 1.2 68.3 167.8 145.1 73.3 31.7 8.1 5 0 )
1[4 T 1.1 64.5 150.1 134.1 67.3 28.7 7.4 A 0
174 1.2 61.7 130.2 117.7 59.8 24.8 6.2 4 0 1
1074 1.2 59.3 119.7 112.2 55.6 22.1 5.4 3 0
1:7Z S 1.2 57.5 117.7 111.5 53.8 20.2 4.8 3 0
17/ T 1.3 55.6 113.0 108.2 52.3 19.5 46 3 0
1976, 0civeirnnnnnnn.. 1.2 52.8 110.3 106.2 53.6 19.0 4.3 2 0
L7 7 1.2 52.8 112.9 111.0 56.4 19.2 4.2 2 0
2 E:7/: N 1.2 51.5 109.9 108.5 57.8 10.0 3.9 2 0
L7 I 1.2 52.3 112.8 111.4 60.3 19.5 3.9 2 0
1980....cciineannnnn.. 1.1 53.0 115.1 112.9 61.9 10.8 3.9 2 0 k
1981.cicivinennnnnnn.. 1.1 52.7 111.8 112.0 61.4 20.0 3.8 2 0
1982, . 0.iiiieiiennnnn, 1.1 52.9 1113 111.0 64.2 21.1 3.9 2 0 !
1983.....iiieeennnn. 1.1 51.7 108.3 108.7 64.6 22.1 38 2 .0
1984, ..., 1.2 50.9 107.3 108.3 66.5 22.8 39 2 0 !
1985, cuiiiieniinnnnnn. 1.2 51.3 108.9 110.5 68.5 23.9 40 2 0
1986, . 0iiiinierinnnnnn, 1.3 50.6 108.2 108.2 69.3 24.3 4.1 2 0 \
1987..0iviiiiieennnns 1.3 51.1 108.9 110.8 71.3 26.2 4.4 2 0
1988...00ieeeennnnnn., 1.3 53.6 1115 1134 73.7 27.9 4.8 2 0 1
1989.....0.nninnnnn., 1.4 58.1 115.4 116.6 76.2 29,7 5.2 2 0
1890......viiiiinnnnn. 1.5 60.7( 120.6 121.8 79.6 31.0 5.4 2 0 1

Source: For population, U.S. Bureau of the Census (1965; 1974, table 2; 1982, table 2; 19804, table 2; 1980b, table 2; Unpublished

data for 1987-1990). For rates, National Center for Health Statistics (1967a, table 1-6; 1984, table 1-6; 1891a, table B; 1991b, table

4).year is used as the standard. Thus, the present method not only removes the internal inconsistencies in the adjusted rates, but also

rhsessiaan cgmgutational formula (6.11) which puts an end to the debate as to which one of the actual populations should be used as .
-] ard.
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Table 6.13. Crude Birth Rates and Crude Death Rates per 1,000 Population and the Correspond-

ing Adjusted (Standardized) Rates: United States, 1940 to 1990

Birth rates Death rates
Year Rate Age-sex Rate Age
m Crude adjusted adjusted Crude adjusted adjusted
@ ) @ ©) (6) @
1940, .. e 19.4 22.1 174 10.8 6.9 133
1941, o 20.3 221 18.3 10.5 7.2 12.8
1942, . .. i e 22.2 221 20.2 10.3 74 124
1943, ..o e 22.7 22.0 20.8 10.7 7.5 128
1944, .o 21.2 21.8 19.6 10.3 7.6 12.2
L 20.4 21.6 19.0 10.2 7.7 11.9
1946, ..ottt 241 216 22.6 9.9 7.8 11.6
1947, i e 26.5 21.3 253 10.0 8.1 114
2 24.8 20.9 24.0 0.9 8.1 11.2
1949, .. 245 20.6 24.0 9.7 8.2 10.2
L0 S 23.9 20.3 23.8 9.6 8.3 10.8
L2 24.8 19.8 251 9.6 8.4 10.7
1982, . i 25.0 193 25.8 9.5 8.5 10.5
1953............. Ceeeetieiiieaa, 24.9 18.8 26.2 9.5 8.6 10.4
1954............. e, 25.1 18.3 27.0 9.1 8.7 9.9
1955, . it 24.9 17.8 27.2 9.2 8.8 9.9
L 25.1 17.3 27.9 9.3 8.9 9.9
1957......00viie Vereesurenenes 25.2 16.9 28.4 9.5 8.9 10.1
1958, . i 24.4 16.7 27.9 9.4 9.0 10.0
L2 R 24.2 16.4 27.9 9.3 9.0 9.8
1980, . .0 iiiiiirenecnerairanaeanns 23.7 16.3 275 9.6 9.1 10.0
1961 .. i e 23.3 16.2 27.3 9.3 9.2 9.6
B L 224 16.4 26.1 9.4 9.2 9.8
1963, .. 21.7 16.7 25.2 9.6 9.2 9.9
LR 1 21.1 16.9 242 8.4 9.2 9.7
L LT 19.4 17.3 223 9.4 9.3 9.7 -
1966....c0iiiiiiiiiii i 18.4 17.6 21.0 9.5 9.3 9.7
L L 7 17.8 18.2 19.8 9.4 9.4 9.5
1968, ...ttt 17.6 18.6 19.1 9.7 9.5 9.7
1969..... Cvsaeceseseenansaseenatnnans 17.9 18.9 18.1 9.5 9.6 9.5
1970, .0ttt 18.4 19.3 19.3 9.4 9.7 9.2
1971..... Cesesarasedeeanrarnnareaae 17.2 19.7 17.7 9.3 9.8 9.1
1972, .0 Cerreecaenas 15.6 20.0 16.7 9.4 9.8 9.1
1973 14.8 20.3 14.6 9.3 9.9 9.0
L 7 14.8 20.7 14.2 9.1 10.0 8.6
L 7T N 14.6 21.0 13.7 8.8 10.1 8.2
1976, ittt 14.6 21.4 13.3 8.8 10.3 8.0
1977 e 15.1 21.6 13.7 8.6 10.4 7.8
1978, it e 16.0 217 134 8.7 10.5 7.7
1979 oo 15.6 21.9 13.7 8.5 10.6 7.4
1980, ..ot 16.0 22.1 14.0 8.8 10.7 7.6
1981, .. v 15.8 22.2 13.7 8.6 10.8 73
1L 2 -7 15.9 222 13.8 8.5 10.9 74
1983, ... e 15.6 221 13.6 8.6 11.0 74
1984, ...t 165 22.0 13.6 8.6 1141 7.0
1986, . e 16.8 21.9 13.9 8.7 11.2 71
19B6....civiiii it i 15.6 21.8 138 8.7 113 7.0
1987, ittt e 15.6 21.5 14.2 8.7 11.4 6.9
1 169 21.2 14.8 8.8 114 6.9
1989, ...t 16.3 20.9 15.5 8.7 115 6.7
16.7 20.6 16.2 8.6 11.6 6.6
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Figure 1.

Crude Birth Rates, and Age-Sex-Adjusted Birth Rates by Three Methods: .
United States,1940 to 1990

Birth rate
3

1940 1950 1960 1970 1980 1990
Figure 2. TJ
Crude Death Rates, and Age-Adjusted Death Rates by Three Methods:
United States,1940 to 1990
17 Death rate H
14 LN

.. 1990=Standard
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year is used as the standard. Thus, the present method not only removes the internal inconsistencies in
the adjusted rates, but also uses a computational formula (6.11) which puts an end to the debate as to
which one of the actual populations should be used as the standard.

Program 6.3

The results in columns (1) through (4) of table 6.13 can be obtained by using Program 6.3 in which L and
N in lines 2 and 3 are the number of age-sex groups and the number of years, respectively. P(l,J)’s and
U(LJ)’s in line 6 are, respectively, the populations in thousands and the birth rates per 1,000 population
given in table 6.12. The data file consists of 102 lines, one pair of lines for each of the 51 years. The first
and second lines, for example, give, respectively, the nine populations by age-sex groups for 1940, and the
nine birth rates by age-sex groups for 1940, the formats being as shown in line 7 of the program. This data
file when fed to Program 6.3 will generate an output that is identical to the first four columns in table 6.13.

As more and more years are added to the time series, the adjusted rates for earlier years will not
necessarily remain the same. However, as long as Program 6.3 is available, the computation of a revised
set of adjusted rates is very easy. If, for example, we want to add the year 1991 to the present time series
1940-1990, all we have to do is to add two lines to the data file giving the populations and birth rates for
1991, and run the program (Program 6.3) again with N=>52 in line 3.

Example 6.7

This example is very similar to Example 6.6 except that here we adjust the death rates, instead of birth
rates. Table 6.14 gives the populations in thousands and the corresponding death rates per 1,000
population in 11 age groups for the 51 years 1940-1990 for the United States. The rate-adjusted death
rates and the age-adjusted death rates for these years, based on formula (6.11), and the crude death rates
are shown in columns (5) through (7) of table 6.13.

The age-adjusted death rates in column (7) of table 6.13 are uniformly higher than the corresponding
adjusted rates for all 51 years provided by the NCHS based on the 1940 population as the standard (figure
2). Here, again, the NCHS rates, unlike the rates in table 6.13, are not internally consistent, as we see from
the rates of any two years, say, 1941 and 1957, again. From the death rates in table 6.13, the age effect
is 1.7 (i.e., 8.9-7.2) and the rate effect is -2.7 (i.e., 10.1-12.8), and these two effects add up to -1.0, which
is the same as the difference between the crude death rates in 1941 and 1957. On the other hand, using
the 1940 population as the standard, the rate-adjusted rates in 1941 and 1957 are 10.9 and 13.1 (so that
the age effect is 2.2), and the age-adjusted rates are 10.3 and 7.8 (so that the rate effect is -2.5). In this
case, the two effects add up to -0.3, which is different from the difference of -1.0 between the two crude
death rates. Again, the use of 1990 population or any other population as the standard will produce similar
inconsistencies.

The results in columns (5) through (7) of table 6.13 can, again, be obtained by using Program 6.3 by
making the following changes in the program:

1. Replace L=9 in line 2 by L=11
2. Replace 9F8.0/9F8.1 in line 7 by 11F7.0/11F7.1.

The data file, again, consists of 102 lines, one pair of lines for each of the 51 years. The first and second
lines, for example, give, respectively, the 11 populations by age groups for 1940, and the 11 death rates
by age groups for 1940, the formats being as in line 7 with the change mentioned above. This data file
when used with the revised Program 6.3 will generate columns (1) and (5) through (7) of table 6.13 as the
output.

As in the case of adjusted birth rates, data for more years can be added to the data file, and the program,
with a revised N in line 3, can be run again to obtain a new set of adjusted death rates.
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Program 6.3 (Time Series: Birth and Death Rates)
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Table 6.14. Population and Death Rates by 11 Age Groups: United States, 1940 to 1990

Year Less 1to S5tof 15to] 25to| 35to| 45to, 55to| 65t0| 75to

than 1 4 14 24 34 44 54 64 74 84 85+

Population in thousands

1940.....cccvvivnvnnn... 2025] 8554 22363| 24033) 21446| 18422| 15555 10694 6367| 2204 370
1841............ PN 2167 8683| 22089 | 24074 21691 | 18692| 15759| 10959| 6546| 2357 385
1942.....c0ivininnnnn.. 2325 8976 21823 | 24093 | 21911| 18950 15976| 11220| 6745| 2437 402
1943......... Chseencenns 2693 0323 21699 24065]| 22194) 19226| 16199 11472 6941] 2509 417
1944............ Ceeenens 2516| 10008 | 21573| 23999| 22511 | 19505 16419| 11719] 7136( 2581 430
1945............ reeraeas 24641 10515 21599| 23705| 22734| 19787 | 16642| 11988| 7359| 2683 452
1946......cciivivinnnn, 2401 10843 21844 23382 22954 | 20073| 16820 12244 7566 2792 470
1947 . oiviiivnnnnn., 3452 | 10954 | 22257 | 23122 23236( 20421| 16970| 12528| 7776| 2917 492
1948.......cc00ihininnnn. 3169| 11750| 23089 | 22866| 23494 20794 17107 12824 7978| 3043 517
1849, ....ccoiiininnn.. 3170 12437 23770| 22570| 23729 21187 17260 13145| 8194 3178 549
1980...ccvvnvinininnnnn, 3163 | 13247 24588 22355| 24036| 21637 17453| 13396| 8493| 3314 590
195, .cviniiiiiiiana., 3315 14018) 25168 22109| 24190| 21913| 17677| 13685| 8742| 3433 628
1882, ... 3429 13883| 26773| 21885| 24301| 22193 17935 13940| 8990( 3548 665
L3 3546 | 14092| 28003 | 21746| 24340 | 22446| 18227 | 14166 0248 3668 701
1954.......... cevens «...| 3671 14388 29223| 21726 24340 22662) 18559 14382| 9536| 3802 738
1985....cciiviiiininnnn, 3777 | 14789| 30387 | 21753 | 24283| 22912| 18885 14622| 0808| 3943 776
1988.......... teeeeenann 3860 15143| 31570| 21956 24122; 23258 | 19206| 14852| 10053 4080 804
1957, i iniiiiiiiiininnns 4035 15459 32669{ 22401 23844, 23597| 19579| 15012 10319 4231 837
1988....c0iiiiiiiiinnnns 4073 | 16814 33487) 23257 | 23538| 23798| 19927| 15182| 10576 4365 864
1969....civiiiiiiinnn., 4097 | 16078{ 34564 | 23988 | 23168 | 24023 | 20262 15401 10819| 4528 901
18680.......00000uts ....| 40941 16247| 35735| 24194 22728| 24120 20560| 15624 | 11053 4681 940
1861....c.ivivivinnnnn.. 4173| 16349| 37031| 24865| 22494| 24280 20856| 15847 | 11269| 4856 964
1862......... Ceeceicniaas 4084 | 16385| 37435| 26483 22287 24413| 21099| 16129| 11457! 5017 982
19683...cceieiiiiinenn., 4013| 16329| 38124| 27803| 22196 24484 | 21322| 16435| 11611 5163 1003
1964......... Chreiaeanes 3947 | 16218| 38783 | 29006; 22195| 24463| 21556 16757 | 11759 5328 1040
1965............. ceeeans 3770 | 16054 | 39427 | 30326| 22266 | 24343| 21813| 17076| 11887 5483 1082
1966.....0000ivieennnnn 3555| 15653 | 40051 31428 22483 | 24151 22095| 17407 11989| 5638 1128
19687...cciviienniinnn., 3450 15113| 40496 32357 | 22896 | 23908 ( 22416 17751| 12082| 5803 1186
19868......... Ceereaeenas 3366 14547 40771 33245| 23700 23589 22728| 18087| 12179| 5946 1241
1089.......0ciiiiuinnnn, 3413 13963 40884 | 34389 | 24406] 23243 | 23019| 18389 12301 6072 1307
1870......... ereeseaans 3508| 13658| 40772| 35810| 25109| 23040| 23200| 18682| 12493| 6183 1430
1971......... Ceereseaens 3601| 13643| 40490| 37418| 25769 | 22878| 23503| 18961 | 12684 6390 1487
1972, .0ciiiiiennn... 3306| 13795| 39946| 38089 | 27463 | 22780| 23675| 19210 12922| 6555 1542
1973.......... breeneaans 3128) 13723| 39309| 38919 | 28788| 22740| 23799| 19428 13247| 6671 1607
1974......... Ceeaeiriaes 3065| 13422| 38716| 39736| 30072| 22755| 23800( 19713 13574 6781 1706
1978, . ccviieiiiininn... 3152} 12069 38240| 40540| 31314| 22760| 23749 20045 13917| 6958 1821
1976...ccvvvnnvennn.... 3115] 12502| 37759| 41272) 32605] 23030) 23615| 20386| 14237| 7145 1896
1977 cviiiiiinnannnn. . 3279 12285| 37034| 41788| 33841 | 23500| 23363 | 20779 14638 7262 1992
1978......... Cevsesrenne 3326 12409| 36220| 42183 | 34803| 24373 23166| 21112| 14996 7412 2095
1979....0iviiiiininn, 3426 12637} 35392) 42444| 36038| 25114) 22036| 21448| 15338 7599 2197
1980......... Ceereerains 35611 12897 | 34845| 42484 | 37451 25806 22746| 21761 15653 | 7782 2269
1981...... Ceeeisesnians 3620 13311] 34405| 42115| 38986 26400| 22608| 21955| 15915 7971 2350
1982......... Cereriraaes 3666 13632 34193 | 41474 | 39561 | 28050| 224821 22114| 16198| 8183 2444
1983......... veseeeraaas 3684 | 13967 34059| 40763| 40413| 29300| 22439| 22233 | 16495| 8399 2531
1884......... Crreesraens 3617 | 14213| 33975| 40114| 41231| 30546 | 22495| 22316| 16740| 8616 2615
1986......... Cheerrranes 3736| 14268| 33923 | 39552| 42027 | 31764| 22589 22337 17010 8836 2695
1986......... veeseeranns 3770| 14384 33860 39021 | 42778| 33070 22815| 22235| 17334 9062 2778
1987......... Ceeserriaes 3785| 14482] 34147| 38250 | 43312| 34307 | 23277 | 22025( 17674 9302 2865
188B........c00vvvennntn 3852 | 14585) 34654 | 37396 43670 35265 24164 | 21834 17915 9532 2938
1889....iccvvienennnnen. 3947 | 14812] 35163 | 36515 43836 36503 | 24897 | 21598 18193 9767 3027
1990......... tarssesnsas 4137 | 15018| 35724 ) 35925| 43771| 37875| 25529 | 21442| 18469 9993 3131




116 STANDARDIZATION AND DECOMPOSITION OF RATES CHAPTER 6

Table 6.14. Population and Death Rates by 11 Age Groups: United States, 1940 to 1990

Year Less 1to 5to] 15to| 25to] 35to| 45to| b55to| 65to| 75t0
than 1 4 14 24 34 44 54 64 74 84 85+
Death rates per 1,000 population Q
1840.....ciiviiinnnnnn. 54.9 29 1.0 20 3.1 5.2 10.6 22.2 48.4| 1120| 2357
1941, .o, 52.6 28 1.0 20 29 5.0 10.3 21.3 46.2] 105.8| 2187
1942......coiiviniatn. 48.8 24 9 1.9 28 48 10.1 21.0 449| 101.6] 2111
1843.......ciiiiinnt, 440 26 1.0 2.1 2.7 48 10.2 215 46.2| 107.5| 2303
1944, ... ..ciiinnn... 44,2 23 9 20 2.7 48 9.7 20.8 439| 101.7| 2153
1945, 425 20 9 1.9 2.7 4.6 9.6 20.5 426 984 209.6
1946............0.0n.le 46.3 1.8 .8 1.7 23 4.2 9.2 19.8 41.2 95.1 210.6
1947. ..o 345 1.6 7 1.5 21 4.1 8.2 201 421 97.0 2169
1948......ciiiiininen, 35.7 1.6 7 1.4 2.0 3.9 9.0 19.7 414 95.1 213.2
1949.. ...t 35.2 1.5 7 1.3 1.8 3.7 8.7 19.3 40.8 93.0| 203.2
1980......000vvvennnnnn. 33.0 1.4 .6 13 18 3.6 8.5 19.0 410 93.3 202.0
1951.. 32.3 1.4 6 1.3 1.8 3.5 8.5 18.8 40.0 93.2| 1923
1962.....c0iviiinianntn 32.1 14 6 1.3 1.7 34 8.3 187 39.2 91.9| 183.0
1853, ... ..o 30.7 1.3 6 1.2 1.6 3.3 8.2 184 3941 9241 1834
1954.. 20.2 1.2 5 1.1 1.5 3.1 7.8 17.4 37.6 87.5| 1726
1866......ccvviiinnnnn, 28.5 1.1 5 1.1 1.5 3.1 7.6 17.3 37.9 89.0| 1793
1988.....c.iiiiiiiinnnn, 28.3 1.1 5 1.1 1.5 3.0 75 17.5 378 885| 1818
1957 ..iviiiiiiininl L, 28.0 1.1 5 1.2 1.5 3.1 7.7 17.8 38.9 88.4| 1884
1988....ccciiiiinenn... 28.3 1.1 5 1.1 1.6 3.0 75 17.4 38.3 878 1911
1989...c.viviiiiininn., 27.6 1.1 5 1.1 1.6 2.9 74 17.1 37.6 858| 191.2
1960.........00ivevnnntn 27.0 1.1 5 1.1 15 3.0 76 17.4 38.2 87.5 198.6
259 1.0 4 1.0 1.4 29 7.3 16.8 36.9 84.0| 1963
1962...........c000ht e 25.8 1.0 4 1.0 1.4 3.0 74 16.9 374 85.0{ 204.2
1963......cc0viininen, 25.8 1.0 4 1.1 1.5 3.0 7.5 17.2 37.9 86.3( 209.9
1964..........00nhee e 253 1.0 4 1.1 1.5 3.1 7.5 16.9 36.6 83.2] 199.2
1866......c.c0ivnininen, 246 1.0 4 1.1 1.5 3.1 75 16.8 36.6 836| 200.7
1868...........000iunn 241 1.0 4 1.2 1.5 3.1 75 16.9 37.0 835 199.8
1867....covviiiiinnan, 229 9 4 1.2 1.5 341 74 16.6 36.2 80. 192.2
1968...........ccvtneee. 22.7 .9 4 1.2 1.6 3.2 7.5 17.0 37.2 829| 1958
1989.......c000vivniinnen 220 9 4 1.3 1.6 3.2 7.3 16.6 36.3 81.0 188.2 ,*
1970....c.ccivivinnnnnann, 214 .8 4 1.3 1.6 3.1 7.3 16.6 35.8 800 163.4 1
1871, i 18.9 .8 4 13 1.6 3.1 74 16.2 34.8 71.7 175.7
1972....cciivvivvnennn. 18.2 .8 4 13 15 3.0 74 16.2 35.2 78.0 175.4
1973, ... 17.8 8 4 1.3 1.5 3.0 7.0 16.0 34.3 7741 176.8
1974, i 17.2 7 4 1.2 1.4 2.8 6.8 185. 33.2 73.8 169.0
1975, v, 16.0 7 4 1.2 1.4 27 6.5 14.8 31.8 70.3| 1565
1976...ccciiviiiiinnn., 15.5 7 3 1.1 1.3 25 6.4 14.5 31.2 69.5| 160.6
1977 14.3 7 3 1.1 1.3 25 6.2 14.1 304 676| 153.7
1978t 13.8 7 3 1.1 13 2.4 6.1 13.9 30.2 67.1 164.8
1979, cciviiiiiiinil 133 .6 3 1.1 1.3 23 5.9 134 20.3 65.0] 149.6
| 1980......... 12.8 6 3 1.2 1.4 23 5.8 13.5 29.9 66.9 159.8
= - 12.1 .6 3 1.1 1.3 22 5.7 13.2 29.2 643 1538
1982. .. ..vvviinininnne, 11.6 6 .3 1.0 1.3 21 5.5 13.0 28.9 63.3| 1505 1
1983......iiiiiienn., 1.1 6 3 1.0 1.2 2.0 5.4 13.0 28.7 64.4 161.7
1984.......coiiinll, 10.9 5 3 1.0 1.2 20 5.2 12.9 285 640 1522 {
1985........000innl, 10.7 5 3 1.0 1.2 2.1 5.2 12.8 28.4 64.5| 154.8
1986.......0c000vinintnn, 10.3 5 3 1.0 1.3 2.1 8.0 12.6 28.0 63.5| 154.0 1
1987, . ciiiiniiiiiiinne. 10.2 R 3 1.0 13 2.1 5.0 124 27.5 62.8 163.2
1988........c0icivinnnn, 10.1 5 3 1.0 14 2.2 4.9 124 273 63.2| 15859 k
1989.......cocinnennne, 10.1 5 3 1.0 1.4 22 48 12,0 26.5 61.4] 1503
1990.......ooiiiiiinn 9.9 5 3 1.0 1.4 2.2 4.7 11.9 26.1 605 148.1

Source: For population, the same as in table 6.12. For rates, National Office of Vital Statistics (1956, table AO); National Center
for Health Statistics (1883, table 1-C; 1982, table 2; 1987, table 1-3; 1980b, table 1-4; 19914, table F; 1992, table 5).
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Example 6.8

Table 6.15 gives the populations and the corresponding census undercount rates in six race-sex groups
for the United states, 50 States, and the District of Columbia for 1990. Treating race and sex as two
separate factors, it is possible to compute, in addition to the crude undercount rates, the three standardized
undercount rates adjusted for sex and rate, race and rate, and race and sex, for the 52 geographical areas,
by using formula (6.11). These four rates for each area are shown in table 6.16.

In table 6.16, the difference between two sex-rate-adjusted rates gives the race effect. Similarly, the
difference between two race-rate-adjusted rates gives the sex effect, and that between two race-sex-
adjusted rates gives the rate effect (i.e., the effect of the race-sex-specific undercount rates). The rates in
table 6.16 are internally consistent because, for any two geographical areas, the race effect, the sex effect,
and the rate effect add up to the total difference between the crude undercount rates.

~ It is evident from the race-rate-adjusted rates in table 6.16 that sex does not play a significant role in
explaining the differences in the undercount rates in the States. The results in table 6.16 have some
implications for the synthetic method of census adjustment, which assumes that undercount rates are
constant within subgroups of people with given demographic characteristics across geographical areas. If
these characteristics are race and sex, then, in order for the synthetic method to work at the State level,
we should expect the race-sex-adjusted undercount rates in column (5) of table 6.16 to be approximately
equal. Obviously, our results indicate that the synthetic method based on race and sex is not expected to
generate satisfactory undercount rates at the State level. Further research is needed to include variables
that are symptomatic of coverage differences, such as house tenure (owner/non-owner), since the 1990
PES data showed consistently higher undercount rates for non-owners (Robinson and Ahmed, 1992;
Hogan, 1992).

Program 6.4

The results in columns (2) through (5) of table 6.16 can be obtained by using Program 6.4. This program
is basically a combination of Program 5.2 (Two Factors + Rate) when the factors | (race) and J (sex) have,
respectively, three and two categories, and Program 6.3 (Time Series: Birth and Death Rates) when the
number of factors (including rate) is three and the number of populations is 52. V(l,J,K)'s and U(l,J,K)’s in
line 4 are; respectively, the populations and the undercount rates given in table 6.15. The data file consists
of 104 lines, one pair of lines for each of the 52 geographical areas. The first and second lines, for example,
give, respectively, the six populations by race-sex groups for Alabama, and the six undercount rates by
race-sex groups for Alabama, the formats being as shown in line 5 of the program. This data file when fed
to Program 6.4 will generate an output that is identical to the five columns in table 6.16, except that the
geographical areas in column (1) are represented by serial numbers.
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Table 6.15. Population and Census Undercount Rates by Race and Sex: United States, 50 States,

and the District of Columbia, 1990

Male Female

States

Black Hispanic Other Black Hispanic Other

Population

ALABAMA. ... ...coiiiiiiiiiiiiiieenee 487928 13421 1473118 567679 12492 1558481
ALASKA ... . ittt 12784 10044 273895 10468 8507 245558
ARIZONA .. ..ot 62324 364575 1437701 §7237 355742 1476718
ARKANSAS ......cciiiiiiiniiinnnnen, 180713 11235 863411 206625 9940 1020367
CALIFORNIA ... .ot iiiieinn Ciee 1191106 4228042 0988230 1189183 3855319 10132658
COLORADO ... .ovveviiinnniarnnnsnens 74226 223983 1374980 70500 220357 1399311
CONNECTICUT ...c.ovvviiiiinninnnens 137710 111885 1359258 151856 112724 1434875
DELAWARE .........ciiiiviinnninnen, 55665 8969 264580 61326 7928 279904
DISTRICT OF COLUMBIA............... 192468 18288 85266 223636 17092 91559
FLORIDA. . ....cciiiiiriiiiienenianans 881497 827151 4695711 951357 834646 5006492
GEORGIA..........cvvviinnenenns e 853639 66442 2300583 961370 50543 2386252
HAWAIL . ..o 17957 43574 518156 11594 41351 496530
IDAHO . ..coiviiiiiieraienianenns Cees 2093 31154 480852 1396 25588 488130
ILLINOIS . ..o ivmiiiciiceiiiieens Vevas 824978 492074 4305368 932089 437185 4552739
INDIANA ... irneenaes veees 210877 51265 2446150 235900 49572 2578476
IOWA. .o i e o 25035 17489 1312205 24893 16360 1302396
KANSAS .....iiviiiiiiiiniiiinniianans 74527 51206 1101043 73763 45727 1148496
KENTUCKY ....ininiiiiiiiiiniinnnens 130540 12282 1673926 141998 10881 1776034
LOUISIANA. .........ciiiiiiiienieneens 632984 48816 1398996 717069 49232 1466420
MAINE........coiiiiiiiii e 3219 3649 597526 2108 3575 627048
MARYLAND .......cocvviiiiiinnieniann 591508 67941 1715877 649555 65161 1792282
MASSACHUSETTS...........cvnvuennn 154365 152203 2607897 165778 151993 2812926
MICHIGAN .....coiiiiiiiiiiiiininsnea 625852 104320 3823749 709891 102683 3994835
MINNESOTA ..ot 51583 28536 2079287 48161 26721 2160392
MISSISSIPPI. ....ovviviiiniiniiionea 440448 8288 810679 508192 8454 852838
MISSOURI ....cvviiiiiiiiiiiinnnnnes, 264384 31870 2189658 302897 31128 2329115
MONTANA .....coiiiiiiiiiie i 1475 6681 398880 292 6202 404075
NEBRASKA ......coviiiiinniiriannnnns 29243 19958 727788 30573 18421 762714
NEVADA ... ..ciiiiiiiiiiiniineinanans 43769 70235 516298 41908 60728 497736
NEW HAMPSHIRE ..................... 4163 6229 539783 3207 5718 559420
NEWUERSEY .....oovviviiiininninnnns 517491 395798 2858177 578607 382638 3041700
NEWMEXICO .........coiiiviiiinnen, 16869 297679 456742 15152 304530 472151
NEWYORK .....ocoviiiiiiiiinnennen, 1404308 1156964 6237215 1640611 1193071 6629785
NORTHCAROLINA .................... 708238 46819 2525805 798243 35184 2638886
NORTHDAKOTA ......coiciiiieia e, 2171 2544 316773 1497 2397 317661
L L 560730 71786 4842245 635577 71952 4939635
OKLAHOMA. .......ovviviiiinnnnn. e 119162 48150 1393713 124134 43476 1474095
OREGON ....ciiviiiiiiinineiininns 26037 66916 1338020 23972 53149 1387983
PENNSYLVANIA.........covivnvenns 530366 123841 5074421 610553 119196 5458253
RHODE ISLAND .........cccvvvinnnenn. 20763 24366 439395 20777 23973 475538
SOUTH CAROLINA .........covivninen. 505355 17368 1203284 572764 15027 1245120
SOUTHDAKOTA ......evieiniaianen. 2046 2804 342424 1336 2766 351501
TENNESSEE .....c.ooiiviniiniiienn, 378539 18145 1998011 430552 16496 2121943
TEXAS. .ot 1020663 2317674 5202263 1084083 2267517 5487048
UTAH. .ot 7447 45519 820996 5158 43121 830880
VERMONT ... 1168 1965 276693 862 1930 286473
VIRGINIA. ......cooviiiiiiiiiniineiann 582343 90742 2428295 626725 80899 2504616
WASHINGTON. . ..ovvvieinarenrannnsns 87077 122813 2262094 75654 105472 2304977
WESTVIRGINIA ............ooiiiiiannn 27189 4480 843363 30731 4474 908757
WISCONSIN......ovviiiiirienaneenss 121790 50441 2241991 134375 46477 2326923
WYOMING .....ooviiiiinininiennnnnn 2047 13624 217189 1676 13227 215806
UNITED STATES........cocvvivnrnnenen 14900869 12052243 96670030 16476230 11468942 101144508
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Table 6.15. Population and Census Undercount Rates by Race and Sex: United States, 50 States,

‘ and the District of Columbia, 1990—Continued
Male Female

States

Black Hispanic Other Black Hispanic Other
Undercount rates

ALABAMA. ... . . .. iiiiiieianannns 3.796 5.388 1.294 2.886 4.494 1.108
ALASKA .. . it 3.541 4.827 2.160 3.321 3.094 1.526
ARIZONA ... ...t iianens 7.648 4,640 2.241 7.461 4.234 1.072
ARKANSAS ... ... ccoviiiiiiiiininnns 3.958 6.760 1.492 3.037 5.436 1.222
CALIFORNIA .....oviviiiieiienannnnns 8.088 5.263 1.910 7.101 4.485 658
COLORADO......ccivivetererananrnnns 8.259 4774 1.824 7.728 4,241 878
CONNECTICUT . .oovv it eeeieeavnnnnnes 5.253 6.165 .136 5310 4,077 -.519
DELAWARE .............ovvevinennnes 4,592 6.903 1.160 3.220 5.775 1.259
DISTRICT OF COLUMBIA. .............. 5.593 8.135 937 2.564 6.915 1.574
FLORIDA........cvvviiiiiieiiineannns 4.800 6.148 1.053 3.260 4.409 .968
GEORGIA.......oviviiiiiiiienennanes 4,483 7.854 1.421 3.139 5.629 1318
HAWAIL . ...t i 7.877 4,730 2.378 8.124 3.564 548
IDAHO. ...t cerannes 3.375 7.925 2.205 3.404 5.262 1.624
ILLINOIS . ...tiee e eaenes 3.980 2.768 551 3.214 2.561 055
INDIANA .....rriiiiieiaennn 3.617 2.022 464 2.992 2.041 .000
’ IOWA ...t 3.868 4,033 629 3.495 3.036 .023
) KANSAS ......cviriiiiiiiiiiiiiaanenss 3.757 3.795 671 3.272 2.888 1156
k KENTUCKY ..viviriiiiiiinieeiannns 4,213 5.257 1.516 2.909 4.903 1.362
LOUISIANA. ...ttt eenes 4.373 5.416 1.365 3.221 4,793 1.274
[ MAINE. ... ittt ieeeeenes 3.544 6.975 1.040 3.535 4,952 383
| MARYLAND .....ccvviiiiireenernrnenns 5.229 6.804 1.230 3.116 5.182 1.148
MASSACHUSETTS. ....ovvverernnrnrnns 6.206 6.400 245 6.293 4.544 -510
‘ MICHIGAN ......cciiiiiiiiieiiannes 3.635 2.426 414 2.999 2.802 .018
' MINNESOTA .. .oviviiiiiiieiinnnnnnss 5.079 2.434 525 4,526 2.538 116
’ MISSISSIPPI. . ..ovvveiriieinacnnrnes 3.914 5.068 1.375 3.217 | 4,628 1.189
' . MISSOURI .....ooviiiiiiireinnnninnnns 3.750 1.776 508 3.024 2.344 .021
'_ MONTANA ... .. iiiiieenes 3.485 6.262 2.707 3.534 4.699 1.893
NEBRASKA .....coviiiiiiiiiriiieanses 4,357 4.008 .753 3.722 3.312 .133
NEVADA . ... ..iiiiiiiiiiiiiininennns 8.416 5.593 2.094 7.689 4.308 .920
! NEWHAMPSHIRE .........ccovvevnnnnn 3.709 6.069 1.130 3.272 4.120 426
‘ NEWUJERSEY ....ovviieiiiieniinnnnns 5.232 6.235 -.558 5.565 3.631 -1.238
' NEWMEXICO ....ovvvvviiiieeniinannn 5.857 3.699 3.074 5.434 3.932 1.952
‘ NEWYORK ....ooviiiiinriinrnrnnannns 5.958 7.042 123 6.229 4.571 ~.875
' NORTHCAROLINA .........ovvvnenvnns 3.808 7.326 1.432 2.904 5.249 1.248
‘ NORTHDAKOTA ...evevveveinenenness 3.853 6.471 .959 3.985 4,614 247
' (9 10 2 3.855 2.708 536 3.125 2914 .089
OKLAHOMA . .....civiiiieiiieirsnnens 4.547 6.491 1.554 3.283 5.385 1.392
: OREGON ......cvviiiiiiiincnennennens 7.916 7.003 2.035 7.385 5.028 1.110
1 PENNSYLVANIA........coovvvevnennnn. 4.275 5.358 .100 4,660 3.473 ~.586
' BHODE ISLAND .....ovvverennvnnnnen 6.333 6.226 .045 6.565 4.465 -.865
SOUTHCAROLINA ......ovvveenrnnnnn 3.960 6.252 1.362 3.182 5.042 1.264
SOUTHDAKOTA ...c.ivivveieinnannnns 3.486 6.448 1.321 3.961 4,954 543
TENNESSEE .....oovvvveerireennrnenss 4.670 5.769 1.353 3.107 5.169 1.250
; TEXAS......oovnnnn. eresrsseersesecnnn 4,746 5.886 1.507 3.199 4.801 1.359
UTAH. . ciiiciiicieaeaes ves 8.170 4,891 1.872 8.159 4,212 1.184
VERMONT ....ciiiiiiiiiiiiinnanenes 4,042 6.608 1.503 3.669 5.378 .650
VIRGINIA. .......coviiiiiiiiiennes 4.526 7.183 1.421 3.146 5.977 1.369
WASHINGTON. . ...covvviininvnnnnnais 8.085 6.773 1.896 7.662 5.117 949
WESTVIRGINIA .......oviiiierannnnns 3.293 4.858 1.469 2.405 5.523 1.214
, WISCONSIN. .....coiiiiiiiiiirennens 4.886 4,164 591 4,223 3.493 071
’F WYOMING ...ttt 3.153 4.783 2.365 3.097 3.385 1.681
! UNITED STATES.....viiviririnrncnnes 4,904 5.511 1.028 4,008 4,385 450

Source: Unpublished data in the Bureau of the Census. Populations are Post Enumeration Survey (PES) estimates. Undercount
rates are defined: 100 x (PES pop. - Census pop.)/PES pop. Other is obtained by subtracting Black and Hispanic from Total. The race
. categories are approximate because of some overlap betweeen Black and Hispanic.

Re o 2o
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Table 6.16. Crude Undercount Rates and the Corresponding Three Adjusted (Standardized)

Rates: United States, 50 States, and the District of Columbia, 1990 ' ‘
Undercount rates ‘
States Sex-rate Race-rate Race-sex
(1) Crude adjusted adjusted adjusted
@ 1)) (4) ®) . |
ALABAMA . ...ttt eeeeeneanns 1.763 1.815 1.543 1.535
ALASKA. . ..ottt et 1.008 1.334 1571 2222
ARIZONA ..ottt eaeneeanens 2372 1.669 1.551 2,282
ARKANSAS. ...ttt eeeaneennenn 1.738 1.529 1.544 1.794
CALIFORNIA .. veenetee e e eaneeanaanns 2.727 2213 1.557 2.088 |
COLORADD . ...t euneenneeaneeeneeeeenaneaneaanss 2.051 1512 1.552 2117
CONNECTICUT . e cneeeneeeeeeeneeaeneeneeaneennn. 841 1.538 1.544 688
DELAWARE . . ..enneeeneeeeeeeteeaneenneeannannnn 1.799 1.641 1.546 1.741
DISTRICT OF COLUMBIA. .....\veeeennernnenns. 3.407 3.349 1.530 1.658
FLORIDA. ..o teeteeeeenee e e eaneeneeaneeanes 1.962 1.969 1.544 1.579 |
GEORGIA .. e eeeeeeeee e eee e ereeeeeeans 2125 1.903 1.547 1.806
HAWAIL ..o, e 1.854 1.221 1.571 2.192
DAHO .« ettt et 2.183 1.308 1.554 2.450
ILLINOIS . . ettt et e e e e e neeaes 986 1.809 1.545 762 ,
INDIANA ..ottt e e e e e eeenneenes 504 1.376 1.545 713
TOWA .« e ettt e ane 47 1.106 1.545 896 \
KANSAS ........ e 689 1.355 1.548 916
KENTUCKY. ..t etee et e et eaeeeeteeneenns 1.612 1.289 1.545 1.907
LOUISIANA.. . .. e ettt ee e eene e eeeeeeneenns 2,169 2.074 1.544 1.681
MAINE . ¢ et eeee e e et e et e e eeeeaneenns 744 1.024 1.546 1.303
MARYLAND ...oeoeeeeneaannenns. e, 2.066 1.935 1.545 1.716 |
MASSACHUSETTS ... .vteeeeereeensaneeannennes 475 1.273 1.541 791
MICHIGAN ..\.eeeneeeeneeannennn. s .705 1.588 1.548 702
MINNESOTA. .« eeneeneeeeeeeneeeeeeeeeneennns 446 1.008 1.548 929 '
MISSISSIPPI. ....oveeeeeeennnnn. e ... 2118 2138 1.543 1.566
MISSOURI. .. . e eeeeeeane e e eeeeeaeeanes 621 1.460 1.543 747
MONTANA ..ottt et eee et eeeanns 2.352 1.180 1.552 2.749 “
NEBRASKA. . .« eeneeeeneeeeeeeeeeneeeeeaaeeannn 649 1.210 1.547 1.023 !
NEVADA ..o 2.343 1.567 1.566 2.340 ‘
NEW HAMPSHIRE . ....oeveneineeeneenneeanens 837 1.068 1.549 1.349
NEW JERSEY . ..vinneiennneeanneeanannannanees 569 1.957 1.544 198 ‘
NEW MEXICO .. eneeeeneeeneeeeeeaseneeeanannns 3.074 2.144 1.549 2511
NEW YORK .. .eeneeteneeeneeeeeeaeeaneeanennns 1.487 2.241 1.541 835 ‘
NORTH CAROLINA «..nneeenrtinneeneeaneennnnen 1.844 1.707 1.547 1.720
NORTH DAKOTA . ..eneeeneeeeeeieeaneeaneenns 660 1.006 1.553 1.230
OHIO et ... 685 1.446 1.543 826
OKLAHOMA . .« e et e ee e eeeeaeenn 1.784 1.367 1.546 2,000
OREGON. . .. teneeeeeeee et eeeeeeeeeannnn 1.859 1.074 1.551 2.363
PENNSYLVANIA .. ..oneeeneeineeaneeeneeaneenns 204 1.373 1.542 509
RHODE ISLAND ....eoneeinneeneeeneieeeaneanns 134 1.187 1.541 537 v
SOUTH CAROLINA. ......eevneen.. e 2,029 1.957 1.546 1.656
SOUTH DAKOTA. - e e eeee et eeeeeaneanennn 978 1.036 1.549 1.523 ‘
TENNESSEE ... vvenneeeneeeeeeeaeaanneeanenannnn 1.743 1.550 1.544 1.779
TEXAS 1 ettt et et e e et eneeraean 2.763 2.428 1.548 1.917 ‘
UTAH ettt ettt eaaeens 1.727 1.039 1.552 2.267
VERMONT ..eonettnetenee et e e eateaneennnnn 1.113 1.024 1.549 1.670
VIRGINIA. ..ot et eeeaeen 1.999 1.700 1.548 1.881
WASHINGTON. .. .oeeereenresrennnennannnnsns . 1.842 1.154 1.554 2.264 ‘
WEST VIRGINIA .o veeneeeereaeeseeneeaneenenn 1.403 1.186 1.543 1.804
WISCONSIN . .. eveeeeeeee e eeaeeaneraeneannn 615 1.223 1.547 974
WYOMING .. eette et e e eaaneeanaen 2.153 1.347 1.555 2.381
UNITED STATES. .. vetneeeeeeneeneaaneanreneans 1.584 1.789 1.546 1.379 ‘




STANDARDIZATION AND DECOMPOSITION OF RATES 121

Program 6.4 (Census Undercount Rates for States)
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Appendix A. Derivation and Summary of Formulas

A.1 DERIVATION OF FORMULAS (3.18) THROUGH (3.20)

R = F(a.8,7) .
a, B, and y assume values A,B,C in population 1 and a,b,c in population 2, so that the difference R, - R,
is

F(ab,c)-F(A,B,C)=a-effect + B-effect + y-effect. (A1)

We write the three effects as
a-effect = w[F(a,b,c) —F(A,b,c)] +x[F(a,b,C) —F(A,b,C)]
+ y[F(a,B,c) —F(A,B,c)] +2z[F(a,B,C) —F(A,B,C)], (A2)

B-effect =w[F(a,b,c) —F(a,B,c)] + x[F(a,b,C) —F(a,B,C)]
+ y[F(Ab,c) —F(AB,c)] + z[F(Ab,C) —F(AB,C)], (A3)

v-effect = w[F(a,b,c) —F(a,b,C)] + x[F(A,b,c) —F(A,b,C)]
+ y[F(a,B,c) —F(a,B,C)] + z[F(A,B,c) —F(A,B,C)], (A4)

where w, x, y, z are suitably chosen constants.

Substituting (A2) through (A4) on the right-hand side of (A1) and then equating the coefficients from both
sides, we have

w=z=1/3, x=y=1/6.

Substituting these values in (A2) through (A4), we obtain the formulas in (3.18) through (3.20).

A.2 THREE FACTORS WITH INTERACTIONS

F(a,B,¥) = K+Eg +Eg+E,+Eos+Eqzy+Egy+Eagy (A5)

where
2E,=2E;=3E,=0, (A6)
%Eufl:%Eaﬁ=§Ea7=§Ea'r=§Eﬂv=§Eﬁv= s (A7)
§E¢7=%Eaﬁy=§Eaﬁv=o' (A8)

There are 27 unknowns in (A5), which can be solved from 27 independent equations (8 in A5, 3 in A6,
9 in A7, and 7 in A8). Using these solutions, we have '

F(a,b,c) - F(A,B,C) = (E;-Ep) + (Ex-Eg) + (E¢-Eg) + (Eape-Easc)
= a-effect + B-effect + y-effect + aBy-interaction effect,
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where ‘

F(a,b,C) —F(A,b,C)] + [F(a,B,C) ’_F(AsB:C)]
+ [[F(a,b,C) —F(Ab,C)] + [F(a,B,c) —F(AB,c)]

a-effect = n )

F(a,b,C) —F(A’btc)] +[F(a!B!C) —F(A,B,C)]
_'ll::F(albsC) _F(Aiblc)] —[F(a,B,C) —F(A,B,C)]

4

afBy-interaction effect =

B-effect and y-effect have expressions similar to that for a-effect. If we distribute the aBvy-interaction
effect equally among the three main effects, we obtain the formulas in (3.18) through (3.20). All three
two-factor interaction effects in the difference R,-R; corresponding to the model (A5) turn out to be zero.

For any number of factors, the difference F(a,b,c,...) — F(A,B,C,...) involves two-factor interaction effects
such as (Ea,-Eg), each of which vanishes because of the conditions similar to those in (A7). Fog' examgle,
the two equations E,g+E 5=0 and Eg+E,,=0 together give Exg=E,,. Thus, the two-factpr interaction
effects are always zero regardless of the number of factors involved. This provides a justification for writing
the difference R,-R, in terms of only the main effects, as in (A1) above.

A.3 DERIVATION OF FORMULAS IN (5.16)

— = Ay By Gy’ (A9) .

where Ay, By, and G, involve ratios which represent, respectively, the I-effect, the J-effect, and the
K-effect.

We write these three quantities as

Ni)* /Ny Nigy (Ni_)’
Pac = (N_,k) : (N_,,, N W (A10)
L
Niky*  /Ni. Ny (_N_l)z
B“"=(l_\l—u< "\NL NG N (A11)
NiY* (N Ny (ﬂ_k)z
S=8 NN N (A12)

where X, y, z are suitably chosen exponents corresponding to the ratios with 0, 1, and 2 dots in the
numerators, respectively.

Substituting (A10) through (A12) on the right-hand side of (A9) and then equating the exponents from
both sides, we have

Xx=2z=1/3, y=1/6.
Substituting these values in (A10) through (A12), we obtain the formulas in (5.16). 1
{
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A.4 DERIVATION OF FORMULAS (6.4) AND (6.5)

Six Consistent Sets for Three Populations
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A.5 DERIVATION OF FORMULAS (6.7) AND (6.8)
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A.6 SUMMARY OF FORMULAS IN CHAPTER 2

a, B, v, ... are the factors that assume values A, B, C, ... in population 1 and a, b, ¢, ... in population_ 2.
The rate R = apy..., so that in population 1 and population 2, R, = ABC... and R, = abc... . We define
Q corresponding to the number of factors 2, 3, 4, 5, and 6, respectively, as

b+B

=—2—,

bc+BC bC+Bc
Q=—7F—+—%

bed4+-BCD  bcD+bCd+Bed+BCd+-BeD+bCD

Q=7+ 12 ’

bcde+BCDE bcdE+beDe+bCde+Bede+BCDe+ BCdE +BcDE +bCDE

Q= 5 + 20

b¢DE +bCdE +bCDe+ BCde +BcDe + BedE

+ 30 )

bcdef4+BCDEF
= 6
bedeF 4 bedEf+ beDef + bCdef + Bedef + BCDEf+ BCDeF + BCdEF 4+ BcDEF +bCDEF
30

bedEF -+ beDeF -+ beDEf +bCdeF + bCdEf +- bCDef + BedeF + BedEf + BeDef -+ BCdef
+BCDef+ BCdEf+ BCdeF + BeDEf+ BeDeF + BedEF +bCDEf+bCDeF + bCdEF +bcDEF

60

The g-standardized rate, By-standardized rate, Byd-standardized rate, Byde-standardized rate, .and
Byden-standardized rate in population 1 corresponding to, respectively, 2, 3, 4, 5, and 6 factors are given
by QA, when the appropriate Q is chosen from the above. The corresponding standardized rates in

. P—
population 2 are Qa. The numbers in the denominators of the above expressions are P, P ( 1 ),

+

-+

P (PE 1), ..., where P is the number of factors.

A.7 SUMMARY OF FORMULAS IN CHAPTER 3

Using notation as in section A.6, the rate R = F(a,8,y....), so that R, = F(A,B,C,...), and R, = F(a,b,c,...).
We define Q(A) corresponding to the number of factors 2, 3, 4, 5, and 6, respectively, as

F(Ab) +F(AB)
QA = ,

2

F(Ab,c) +F(AB,C) F(AbC) +F(AB,c)

Q(A) = + ,
3 6

F(Ab,c,d) +F(A,B,CD)

Q) =
4
F(Ab,c,D) +F(Ab,C,d) +F(A,B,c,d) +F(A,B,C,d) +F(A,B,c,D) +F(A,b,C,D)
+ 12 ’

F(Ab,c,d,e) +F(A,B,C,D,E)

Q(A) =
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F(AbCDE) +F(AbCAE) +F(ADCD,e)
[ ) +F(ABCA®) +F(ABGDe) +F(ABCAE)

30 ' '
F(A,b,c,d,e,f) + F (A!B!C!D!EsF)
= 6

, + F(Ab,cdEf) +F(AbcD.ef) +F(AbCdef) +F(AB,cde.lf)
+ F(AB,CDE,) +F(ABC,D,eF) +F(AB,CdEF) +F(AB,.cD,EF) +F(Ab,C,D,EF)

30

+

+F(A,é,C,D, ) +F(ABCAERN +F(AB,CdeF) +F(ABCcDESM +F(ABcD,eF)
) +F(A!b’C!DlelF) + F(A,b’c,d’ElF) +F(A!b’ch’ IF)

+ 60 ‘

The B-standardized rate, By-standardized rate, Byd-standardized rate, By8e-standardized rate, and
Byden-standardized rate in population 1 corresponding to, respectively, 2, 3, 4, 5, and 6 factors are given
by Q(A), when the appropriate Q(A) is chosen from the above. The corresponding standardized rates in
population 2 are Q(a). Obviously, the formulas in section A.6 can be derived as special cases of those in
this section by substituting afy... for F(a,B8,7,...).

A.8 SUMMARY OF FORMULAS IN CHAPTER 4

. Using the vector notation for the scalars in section A.7, the rate R = F(a,8,7,...) , so that R, =
F(ABC..), and R, = F(3b,,..) . We define Q(A) corresponding to the number of factors 2, 3, 4, 5, and

6 exactly the same way as in section A.7 except that the scalars A, B, C, D, E, F, a, b, ¢, d, e, and f in the

equations are now replaced by the corresponding vectors A, B, C, D, E, F,3,b, €, d, 6, and {. As shown in

section A.7, the standardized rates in population 1 are given by Q(A)’s and those in population 2 are given

by Q(a)’s.
A.9 SUMMARY OF FORMULAS IN CHAPTER 5

When there is only one factor |, N, and T, are the number of persons and the rate for the ith category
of |, and N_and T_are the total number of persons and the crude rate, in population 1. When there are two
factors | and J, N; and T are the number of persons and the rate for the (i,j)-category of | and J, N; and
T, are the number of persons and the rate for the ith category of I, N and T are the number of persons
and the rate for the jth category of J, and N_ and T_ are the total number of persons and the crude rate,
in population 1. Analogous symbols are used for population 2 with lower-case letters n and t. For higher
number of factors |, J, K, L, ...., the symbols are extended along the same lines.

For number of factors 1, 2, 3, 4, 5, and 6, the A’s are defined, respectively, as follows:
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Like the numbers in the denominators in the expressions in sections A.6 and A.7, the exponents in the

above expressions are the reciprocals of P, P (P'{1), P (PE1), ... , where P is the number of factors.

Similar expressions for B’s, C's, D’s, ... are obtained from those for A’s above by interchanging,
respectively, iand j,iand k,iand |, ..... a's, b’s, ¢'s, d's, .... are obtained from A’s, B's, C's, D’s, .... by using ‘
n’s in place of N's.

The |-standardized rate, (l,J)-standardized rate, (l,J,K)-standardized rate, (l,J,K,L)-standardized rate,
(1,J,K,L,M)-standardized rate, and (l,J,K,L,M,N)-standardized rate in population 1 corresponding to 1, 2, 3,
4, 5, and 6 factors are denoted by R(T) which are, respectively,

n; N, !
n. + N. T
2 is

R(T = 2,'

ik 2
Niim + Nigam !

R(T) — 2 ..... 2 ----- Tnklm ,
Likl,m

R(T) = — " Tiimn
(m " k%m‘n 2 ikimn .

The corresponding standardized rates in population 2 are R(t) , which are obtained from the above )
expressions by replacing T's by the corresponding t's.

_
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The R-standardized rate, (J,R)-standardized rate, (J,K,R)-standardized rate, (J,K,L,R)-standardized rate,
(J,K,LM,R)-standardized rate, and (J,K,_L_,M,N,R)-standardized rate in population 1 corresponding to 1, 2,
3, 4, 5, and 6 factors are denoted by I(A) which are, respectively,

— 4+ T,
IR =3 —'3;—' A,
i
— T
I(A) = ]213 t% [QA for 2 factors in section A.6 with subscripts ij in each letter] ,
— t+ T v
I(A) = ""; ™ [ QA for 3 factors in section A.6 with subscripts ijk in each letter] ,
Lk
— ta+ T, .
IA) =3 "k'_; ™ [QA for 4 factors in section A.6 with subscripts ijkl in each letter] ,
ikl
- t T
I(A) = 3 w [QA for 5 factors in section A.6 with subscripts ijkim in each letter] ,
il kJ,m
— t T .
I(A) = ﬂ"—':;“ﬂ [QA for 6 factors in section A.6 with subscripts ijkimn in each letter] .
Ljk,l,m,n

The corresponding standardized rates in population 2 are (@), which are obtained from the above
expressions by replacing A’s by the corresponding a’s.

A.10 SUMMARY OF FORMULAS IN CHAPTER 6

When there are two populations 1 and 2, a,, denotes the factor effect of a and a,, denotes the
standardized rate in population 1 controlled for all other factors except a. When there are three populations
1, 2, and 3, a4, 5 and a, 3 denote the corresponding numbers when populations 1 and 2 are compared (in
the presence of population 3). For four and higher number of populations, analogous symbols are used.

The standardized rates in population 1 controlled for all other factors except a in 3, 4, 5, and N
populations are, respectively, given by

3 a 3
Say 22 ay—ai]
=2 =2 A1
Q23 = 2 6 y

4 4

Say 23 aj—2m4]
i=2 A4

aq4234 = 3 12 '

5 5 &
oy 23 ay—3a4]

i=2 i=2 JA1
04,2345 = 2 + L 20 .
N N N
Tay 2 aj— (N-2)ay]
a _i=2 1=2 jA1)
1.23..N N""1 N(N—1)

When there are 3, 4, 5, and N populations, the factor effects of a in the comparison of populations 1 and
2 are, respectively, given by

Me

& (a12+az—ay))
Qi3 = Q12 — 3 ’

4
,za (aqz+ag—ay))

Q234 = Qq2 — 2 )
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