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Abstract: This paperstudieshebirth processwith sevenendogenousariables:
four birth inputs [maternalsmoking (S), maternaldrinking (D), first trimester
prenataktare(PC),andmaternalveightgain(WG)], andthreebirth outputgges-
tationalage(G), birth length(BL), andbirth weight(BW)], andtwenty-fourex-

ogenouwariables.Thedataaretakenfrom theNLSY. Separat@analysesreper

formedonfiveracial/ethniggroups:Main Whites,Supplementaihites,Blacks,
HispanicsandNative Americans.Acrossall groupswefind sizeablecorrelation
betweerthedisturbance thefour inputandthreeoutputequationsandamong
outputdisturbances.
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1. INTRODUCTION

In this paperwe studythebirth procesawith sevenendogenousariablesfour birth inputs
[maternalsmoking(S), maternatrinking (D), first trimestemprenatacare(PC),andmater
nalweightgain (WG)], andthreebirth outputs[gestationahge(G), birth length(BL), and
birthweight(BW)]. Theendogeneityf inputsin thethree-outpubirth productionfunction
is theimportantdistinguishingstatisticafeaturebetweerour model[seethe seminalwork
of Grossmar{1972)]andthoseof othersocialscientistsaandepidemiologists.

2. DATA

Ourdataaredrawvn from theNationalLongitudinalSurey of Youth(NLSY) memgedchild-
motherfile for 1994. Wherenecessaryadditionalvariablesareconstructedisingthe data
fromtheNLSY mainfile for 1994.Thepriceindicesoncigarettealcohol,medicalservices
and food are obtainedfrom the consumerprice index databaseof the Bureauof Labor
Statistics.

In this paperwe analyzeonly singletonfirst-bornlive births. Therewere 3,648live
singletonfirst births to NLSY womenbetween1979and 1994. We dropped221 births
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to womenin the military and 28 to womenno longerliving in the U.S. This left 3,399
obsenationsfor our target sample. Missing obsenationsfurther reducedour sampleto
1,9620bsenationswith completedata[Li andPoirier (2000, Tablel)].

Our choiceof the twenty-fourexogenougconditioning)variablesasshown in Table
1 is guidedby the existing literature (z; is the interceptterm). Variablesz, - x4 cover
basicphysicalcharacteristic§the genderof the infant, the ageand size of the mother)
which we expectto be very importantin the birth outputequations. Variablesz; - x5
captureregionalandtemporalkffectsplustheintelligenceandfamily incomeof themother
Variablesr; 3 - z25 capturehealthinsurancestatusandavarietyof socioeconomimeasures
of themothersfamily backgroundVariablese; - 225 arerisk factorsthatcausallyarequite
farremovedfrom thebiologicaleventof low BW. We expectthesevariableso beimportant
in the input equationsput not in the biologically basedoutputequations.The detailson
thevariableconstructiorareprovidedin Li andPoirier(2000)AppendicesA.1-A.2.

Table 1. A List of Exogenous Variables

zo  MaleChild z14 Missinghealthinsuranceavailability
x3  Mothersage- 23yrs. z15 Numberof adultsin household 2
x4  Bodymassndex - 24 216 Numberof quartersvorkedlastyear- 3
x5  Maternalheight- 162cm 217 Numberof maternakiblings- 4
zg  Maternalweight- 63kg 215 Grandmotheseducation 12yrs.
z7  Northeast z19 Notontimein schoolatagel4
zg  South o9  Non-urbamatagel4d
r9  West z21  Noemplojedmalesin householchtagel4
219 Calendatime- (19)85 x92  Cigarettepriceindex
x11  AFQT score/meamf sameage-1 xz23 Alcohol priceindex
z15 Householdncomein $1000-25 x5, Medicalservicesriceindex
z13  No healthinsuranceavailable zo5 Foodpriceindex
3. MODELING

Following the stratgy outlinedin Poirier (1995, Chapter10), we choosea highly over
identifiedspecificatiorfor our maintainechypothesid,, andalessrestrictedspecification
H4 asan alternatve hypothesighat we expectwill not leadto rejectingH,. Our prior
reflectsthis viewpoint. In Section4.1 we testtheseoveridentifyingrestrictions.
Considera sampleof T independensingletonfirst-bornlive births indexed by the
subscripti. Let [Sf, D}, PC]' (i = 1,2,...,T) denotelatentvariablesunderlyingthe
binarybirth inputs[S;, D;, PG]' = [1(S}),1(D}), 1(PC)]' (i = 1,2,...,T), wherel(:)
denotesan indicator function which equalsunity if the argumentis positive and equals
zerootherwise.For estimationwe partitionthe endogenousariablesinto inputsz;; and
outputsz;s: z;“l = [ST, D:, Pq, WG,']I, Zi1 = [Sl, D,’, PC“ WG,’]I, Zio = [Gz, BLZ, BW,]I
(:=1,2,...,T). Letz; (i =1,2,...,T) denoteK x 1 vectorsof exogenouwariables.
Supposéhefour inputsaregeneratedrom the following specification

zy = Az +ea, (1)
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whereA; = [Ag,Ap,Apc, Awg] is K x 4. Also supposehe threebirth outputsare
relatedto z;; = [S;, D;, PG, WG;]" asfollows:

2ioTa = 2;;T1 + ZjAs + )y, (2)

whereg; = [ei1, €)' |Ti ~i.i.d. N7(07,%) (i =1,2,...,T), 'y is nonsingulay
vS,G YS,BL YS,BW
T = D.G YD,BL YD,BW

YpPc,G YPC,BL YPC,BW
wa,G  YWG,BL  YWG,BW

=[v 7BL YBW ], 3)

1 —vg,BL —YG,BW
=0 1 0 : (4)
0 0 1
[ dc 0BL doBw
05, 05BL 0
Ay = | b6, 0 d6.Bw | , (5)
Asc Asbr AsBw
013 013 013

wherey; = [vs,j,VD,j» YPC,j, WG 5’5 05 = [01,5, 02,5, 03,5, 04,5]", Duj = [07,5, -, 012,5]',
(j = G,BL, BW), and

1 0S,D 0s,PC TS,WG 0s,G 0S,BL 0S,BW
0S,D 1 0D,PC OD,WGaG oD,G OD,BL 0D,BW
0s,PC  OD,PC 1 opPC,WG OpPC,G OPC,BL OPC,BW

Y= | oswe Op,wG OPCWG Owa  OWGG OWG,BL OWG,BW
0s,G 0DG OPC,G OWG,G 0% 0G,BL  0G,BW
0s,BL OD,BL OPC,BL OWG,BL OG,BL 0% OBL,BW

| 0ssw opBW OPCBW OwaBW 0GBW OBLBW  Onw |

(6)
Thecoeficientsin A, ; ( = G, BL, BW) aresetto zerounderour maintainedspecification
H..
Our prior is proper but moderatelydiffuse. We usethe samegprior for all racial/ethnic
groups.The estimationof our modelextendsthe work by Chib andGreenbeg (1998)and
Li (1998),andis describedn Li andPoirier(2000)AppendiceA.3-A.4.

4. EMPIRICAL RESULTS
4.1. Evidence of Structure

We investigatewhetherour outputequationgeflecta biological structurein threerelated
ways. Firstly, the logarithmic Bayesfactorin favor of our maintainedspecificationH.,:
Ay.c = Ay B = Ay pw = 0 versusthealternatve H4: A, ¢ # 06 Or A, pr 7# O OF
A, Bw # 0s is overwhelmingfor all groups[Li andPoirier (2000, Table10)]. Secondly
the predictive densitiedor all endogenousariablesdiffer little acrossH, andH4 [Li and
Poirier (2000, Table 11)]. Thirdly, underH 4 the six additionalvariablesz; - z;» add
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relatively little to the threeoutputequationgLi andPoirier (2000, Table12)]. Becausef
theseresults,subsequentesultsareconditioneduponH,,.

4.2. System Results

Our treatmenibf simultaneity in contrastto mostof the biomedicalliterature,is a distin-
guishingfeatureof ourmodel. While ourwindow imposedriangularity it doesnotimpose
afully recursve specification.Table2 containgheposteriormeansandstandardieviations
for the elementdn the variance-cwariancematrix underour default prior. The posterior
resultsprovide strongsupportfor the modelnotbeingfully recursve.

Table 2. Posterior Means (Standard Deviations) of Across-Equation Correlations and
Variancesin X Under H,

D* PC WG G BL BW
Main W hite

S 4118 —.0710 .0469 —.2195 .1649 0721
(.0476) (.0617) (.0401) (.1052) (.0907) (.1273)
D* 1.000 —.0760 .0927 —.3614 .2852 —.1136
(.0000) .0645 (.0435) (.1196) (.0953) (.1834)
pC 1.000 .0850 —.0021 —.1481 —.0751
(.0000)  (.0524)  (.1248)  (.1588)  (.1459)

WG 35.26 —.0096 .0037 1357
(1.652)  (.0632)  (.0487)  (.1710)

G 5.096 .2546 .4068
(.3809) (.0579) (.0890)

BL 11.66 4970
(.8482) (.0453)

.2650
BW (.0272)

Supplemental W hite

- .2235 —.0689 .0965 .0497 2821 4598
(.0937) (.1249) (.0685) (.1661) (.1379) (.1942)
D* 1.000 1392 .0846 —.2585 4173 —.1103
(.0000) (.1186) (.0696) (.1432) (.1688) (.1526)

PC 1.000 —.1012 —.1550 1238 .0909
(.0000)  (.0808)  (.1480)  (.1369)  (.1899)

WG 39.31 .0202 .0086 .3630
(3.511)  (.0631)  (.0415)  (.1366)

G 6.256 .1893 .3909
(.6399) (.0702) (.1100)

BL 13.82 .3658
(1.489) (.0707)

3284
BW (.0577)
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D* pPC WG G BL BW
Black

- .2882 .0879 —.0792 .0319 .1078 —.0611
(.0834) (-0967) (.0623) (.1887) (.1650) (-2454)

D* 1.000 .0996 .0276 4467 —.2321 .1130
(.0000) (.0853) (.0553) (.1097) (.1112) (.1666)
pC 1.000 —.0156 —.4487 .0280 —.1805
(.0000)  (.0557)  (.2235)  (.1147)  (.1963)
WG 48.14 .0412 —.0052 —.0473
(3.489) (.0544) (.0274) (.1471)

G 6.162 .1046 .3938
(.8305) (.0569) (.1167)

BL 25.31 .3814
(2.122)  (.0617)

.3199
BW (.0462)

Hispanic

< .4854 .0401 .0436 1158 —.0524 .0680
(.0890) (.1139) (.0703) (.1508) (.1575) (.1769)

D* 1.000 —.0004 —.0046 .2927 —.0946 .0568
(.0000)  (.0949)  (.0699)  (.2285)  (.1682)  (.2492)
PC 1.000 .0487 —.2803 .1590 —.3150
(.0000)  (.0633)  (.2204)  (.1500)  (.2409)
WG 44.25 .0041 .0035 —.0757
(3.711) (.0563) (.0323) (.1473)

G 6.330 .2106 4626
(7927)  (.0625)  (.1162)

BL 21.49 3113
(1.863) (.0652)

.3374
BW (.0449)

Native American

- 3118 —.2480 .0066 .2446 -.2017 —.2352
(.1546) (.1774) (.0925) (.2377) (-2060) (.2557)
D* 1.000 —.3522 —.0246 .0653 .0789 —.1468
(.0000)  (.1846)  (.0895)  (.1898)  (.2310)  (.2674)

pC 1.000 .0500 .1078 —.0451 .0722
(.0000)  (.1011)  (.2147)  (.2270)  (.2548)

WG 64.07 —.0028 —.0012 0755
(11.44) (.0447) (.0437) (-1736)

G 7.993 .1340 1681
(1.372) (.0858) (.1351)

BL 8.652 4148
(1.387) (.0998)

4367
BW (.0832)

Note: Variances for S*, D*, and PC* ag§normalized to unity.

Off-diagonal elements are given as correlations, not covariances.



Of particularinterestis the off-diagonalblock of correlationsbetweerinputsandout-
puts. Theresultsfor Native Americansindicatethat the posteriormeansof thesecorrela-
tions arefairly small relative to their posteriorstandarddeviations. But dueto the small
sampleof eighty-oneNative Americanbirths,theseposteriorstandardieviationsarefairly
large. The samplesizesfor the othergroupsaremuchlarger, resultingin smallerposterior
standarddeviationsandthe movementof the posteriomassclearly away from zero.

Although our prior for X is centeredover a diagonalmatrix (supportingthe use of
single-equatiormethods) the needfor simultaneousquationgechniqueds apparenin
our posteriorresults.The correlationsetweerinput disturbanceandthe BW disturbance
arefairly smallfor mostgroups this shouldnot beinterpretedasjustifying simply running
aregressiorfor the BW equation. The correlationbetweerthe disturbance#n the G and
BW equationgs sizeable.Indeed,asLi andPoirier (2000,Section4.6) note,the ordinary
leastsquaregOLS) resultsfor the BW equationof Main Whitesaresubstantiallydifferent
from our posteriorresults.

The correlationsamongoutputdisturbancesre sizeablefor all groups,exceptpos-
sibly for Native Americans.Also notethatthe posteriormeanof the varianceof the BW
disturbancés noticeablysmallerfor the Main White groupthanthoseof all othergroups.

4.3. Output Equations

Theoutputequationgreof primeimportance They describéhow birth inputstogethemith
thebiological sizeof the motheraretransformednto birth outputsdescribingthe physical
characteristicof the infant. We discusseachof the threeequationsin turn, presenting
posteriorresultsunderthe default prior. Whendiscussingnaternalheightandweightwe
takeinto accounboththeireffectsthroughbodymassndex (BMI = weightin kg/[heightin
meters}) andtheirlineareffects. The posteriormeansandstandardieviationsof thepartial
derivativesof theexogenousrariableeffectsof maternaheightandweightarereportedor
eachoutputequation.

Theposterioresultsfor theG equationarereportedn Table3. Thepicturesregarding
theeffectsof exogenouwvariablediffer somavhatacrosgroups.AlthoughBMI, maternal
height,and maternalweight do not appearto mattermuchindividually for Main Whites,
Blacks,andHispanicsthenetmaminal effect of maternalweightis substantiahndsimilar
acrosghe groups.In contrastthe samethreevariablesappeato have separateffectsfor
SupplementalVhitesand Native Americans which yield no neteffectsfor Supplemental
Whites,anda negative net effect of maternalheightfor Native Americans. The posterior
effect of beingmaleis only noticeablefor Main Whites. The posterioreffect of maternal
ageis consistentlynegative and noticeablyshiftedaway from the origin for Main Whites,
Blacks,andHispanics.
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Table 3. G Equation by Group: Posterior Means (Sandard Deviations) of I'y and A,

Under H,

. Main Supp. . Native

Prior W hite W hite Black Hisp. Amer.
s —1.000 .4480 —.3833 2315 —.1121 —.1967
(2.000) (.3880) (.6904) (.8059) (.7212) (1.094)

D .0000 1.255 .7983 —1.880 —.9589 —.7112
(2.000) (.4553) (.6243) (.5406) (1.017) (.9714)

PC .0000 .2368 4575 1.933 1.138 —.3798
(2.000) (.5071) (.6929) (.9949) (.9766) (1.101)

WG .0000 .0254 .0395 .0193 —.0082 .0061
(2.000) (.0255) (.0345) (.0254) (.0296) (.0430)

Intercept 40.00 37.67 37.81 37.43 38.53 39.55
L4 (1.760) (.5938) (.8097) (.7886) (.7468) (1.055)

Male Child .0000 —.2455 —.1033 .2075 —.1696 .4540
(1.760) (.1477) (-3206) (.2461) (.2810) (-6229)
Mother’s age-23yrs .0000 —.1058 —.0425 —.0506 —.1128 —.0178
: (12.00) (.0213) (-0524) (-0340) (.0444) (.0844)
Body mass index-24 .0000 .0260 —.6877 .0113 —.0510 —.7709
(12.00) (.2369) (.4426) (.2333) (.3977) (.8177)
Maternal ht.-162cm .0000 —.0013 —.1950 .0166 .0087 —.3070
(12.00) (.0685) (.1264) (.0720) (.1194) (.2579)

Maternal wt.-63kg .0000 .0068 .2514 .0197 .0406 .2946
: (12.00) (.0873) (.1636) (.0861) (.1543) (.3075)
Height —.0430 —.0090 .0088 .0133 .0239 —.0786
(12.44) (.0135) (.0266) (.0185) (.0259) (.0556)

Weight .1599 .0167 —.0106 .0240 .0212 .0008
(13.03) (.0074) (.0164) (.0103) (.0154) (.0264)

Table 4. BL Equation by Group: Posterior Means (Standard Deviations) of 'y, T’y and

A, Under H,

. Main Supp. . Native

Prior W hite W hite Black Hisp. Amer.
S ~0000 —1.581 —1.810 — 4231 —1.055 —.1968
(3.000) (.5443) (.9062) (1.541) (1.435) (1.086)
D .0000 —1.283 —1.385 1.341 1.201 —.8107
(3.000) (.5805) (1.100) (1.106) (1.398) (1.202)

PC .0000 1.442 —1.828 .2599 —1.129 1126
(3.000) (1.011) (1.017) (1.077) (1.235) (1.319)

WG 1000 0605 0980 1325 0336 1026
(1.000) (.0342) (.0431) (.0412) (.0465) (.0456)

G 0500 0884 1338 .0069 .0936 0726
(1.000) (.0527) (.0532) (.0529) (.0545) (.0555)

Intercept 48.00 46.69 47.11 47.39 46.79 47.35
(1.760) (1.787) (1.714) (1.749) (1.756) (1.705)

Male Child 1000 7303 9287 .8529 1.120 4028
(1.760) (.2283) (.4716) (.4873) (.5107) (.6407)
Mother’s age-23yrs .0000 —.0933 0770 .0991 —.0440 —.0429
: (12.00) (.0326) (.0772) (.0664) (.0816) (.0893)

Body mass index-24 .0000 .0535 —.0024 .0351 .0441 .0625
(12.00) (.0277) (.0620) (.0527) (.0704) (.0706)

Maternal ht.-162cm .0000 .0854 .0941 .0455 1294 .0387
: (12.00) (.0185) (.0355) (.0353) (.0448) (.0532)

Height —.4611 .0696 .0948 .0351 .1163 .0202
(12.22) (.0196) (.0388) (.0362) (.0468) (.0569)

Weight .0928 .0204 —.0009 .0134 .0168 .0238
(4.543) (.0105) (.0236) (.0201) (.0268) (.0269)




The posterior mean effects of the three endogenous binary inputs vary in sign
and magnitude across the groups. Of the fifteen (3 x 5) cases, a posterior mean is
more than twice its standard deviation only twice. There is more consistency in
the effects of WG on G across the groups, and in most cases the effects of WG are
small.

The posterior results for the BL equation are reported in Table 4. Similar pic-
tures emerge regarding the effects of exogenous variables across the groups, except
for the large standard deviations in the small sample of Native Americans. Clearly,
male infants are on average longer. The net marginal effect of maternal height on
BL is noticeable but small in magnitude. The net marginal effect of maternal weight
is noticeable only for Main Whites.

The posterior mean effects of the three endogenous binary inputs are more
similar across the groups in the BL equation than they are in the G equation.
The posterior mean effect of S on BL is consistently negative across the groups,
and larger than its standard deviation for Main and Supplemental Whites. The
posterior mean effects of D and PC on BL vary across the groups. Both WG and
G have positive mean effects on BL, which are quite consistent across the groups.

Table 5. BW Equation by Group: Posterior Means (Standard Deviations) of 'y, T's and

A, Under H,

. Main Supp. . Native

Prior W hite W hite Black Hisp. Amer.

S —.3500 —.2887 —.6074 —.0482 —.1299 —.1136
(1.000) (.1008) (.1859) (-2442) (-2045) (-2908)

D .0000 .1239 .1536 —.1448 —.0763 .0268
(1.000) (.1418) (.1435) (-1684) (.2531) (-3135)

PC .1000 1192 —.0424 .2244 3977 —.0015
(1.000) (.1443) (.1906) (-2074) (.2448) (.3246)

wa .1000 .0009 —.0222 .0182 .0070 .0036
(1.000) (.0155) (.0137) (.0125) (.0133) (.0167)

G .0100 .0363 .0471 .0226 .0296 .0362
(1.000) (.0210) (.0241) (.0244) (.0224) (.0231)

Intercept 2.000 1.820 1.843 1.930 1.806 1.857
(.8800) (.7927) (.8940) (.9033) (.8472) (.8496)

Male Child .1000 .0920 .2065 1117 —.0124 0765
(.8800) (.0351) (.0758) (.0579) (.0657) (.1531)
Mother’s age-23yrs .0000 —.0186 —.0194 .0014 —.0137 —.0066
: (6.000) (-0055) (.0128) (-0079) (.0108) (.0209)
Body mass index-24 .0000 —.0353 —.0192 —.0126 —.0477 —.0005
(6.000) (.0117) (.0208) (.0139) (.0208) (.0409)

Maternal wt.-63kg .0000 .0207 .0135 .0083 .0241 .0191
(6.000) (.0044) (.0071) (-0052) (.0080) (.0144)

Height .0003 .0105 .0057 .0037 .0141 .0001
(1.797) (.0035) (.0062) (.0041) (.0062) (.0121)

Weight —.0923 .0072 .0062 .0035 .0059 .0189
(6.443) (.0017) (.0037) (.0025) (.0036) (.0062)
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The posterior results for the BW equation are reported in Table 5. Similar
pictures emerge regarding the effects of exogenous variables across the groups, ex-
cept for the large standard deviations in the small sample of Native Americans.
Clearly, male infants are on average heavier, except in the case of Hispanics. The
net marginal effect of maternal height on BW is noticeable for Main Whites and
Hispanics. The net marginal effect of maternal weight on BW is noticeable, and
consistent across the groups.

Like in the BL equation, the posterior mean effects of the three endogenous
binary inputs are more similar across the groups in the BW equation than they are
in the G equation. The posterior mean effect of S on BW is consistently negative
across the groups, and larger than its standard deviation for Main and Supplemental
Whites. The posterior mean effects of D and PC on BW vary across the groups,
and are generally small. WG has a small positive mean effect on BW for all groups
except Supplemental Whites in which case it is negative and larger in absolute
value than its posterior standard deviation. The posterior mean effect of G on BW
is positive and fairly comparable across the groups.

Finally, we also compute goodness-of-fit measures for the three output equa-
tions. The measures of correlation are developed by Carter and Nagar (1977) and
are for use with a single equation within a simultaneous system. The Carter-Nagar
measure has the same interpretation as the familiar coefficient of determination used
with the classical linear model and at the same time it explicitly includes all the
restrictions that serve to identify the structural equation. For the G equation, the
Carter-Nagar single equation R? for Main Whites, Supplemental Whites, Blacks,
Hispanics, and Native Americans are .0534, .0371, .0503, .0539, and .0863, respec-
tively; for the BL equation, the single equation R2? for Main Whites, Supplemental
Whites, Blacks, Hispanics, and Native Americans are .0475, .1419, .0499, .0565, and
.1054, respectively; and for the BW equation, the B2 for Main Whites, Supplemen-
tal Whites, Blacks, Hispanics, and Native Americans are .0759, .1172, .0512, .0661,
and .2058, respectively.

5. DISCUSSION

The literature is filled with attempts to account for the differences in the marginal
distributions of birth outcomes like BW across racial/ethnic groups [Poirier (1998)].
So far, we have used a common window and prior in our analysis, but we deal
with each group separately. While some idea regarding the pooling of different
groups emerges from the results reported in this paper, further pooling of groups is
examined in Li and Poirier (2000). In this paper, we focus on explaining the birth
outcomes such as gestation, BL, and BW using a simultaneous equations approach.
From a society viewpoint, the more interesting and ultimately relevant question to
ask, is what factors affect children’s attainment later in life. We conjecture that
BW and related birth measurements are the intervening variables in explaining
children’s development later in life, and we plan to investigate further in future
work.
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