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Abstract: Thispaperstudiesthebirth processwith sevenendogenousvariables:
four birth inputs [maternalsmoking(S), maternaldrinking (D), first trimester
prenatalcare(PC),andmaternalweightgain(WG)], andthreebirth outputs[ges-
tationalage(G), birth length(BL), andbirth weight(BW)], andtwenty-fourex-
ogenousvariables.Thedataaretakenfrom theNLSY. Separateanalysesareper-
formedonfiveracial/ethnicgroups:Main Whites,SupplementalWhites,Blacks,
Hispanics,andNativeAmericans.Acrossall groups,wefind sizeablecorrelation
betweenthedisturbancesin thefour inputandthreeoutputequationsandamong
outputdisturbances.
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1. INTRODUCTION

In thispaperwe studythebirth processwith sevenendogenousvariables:four birth inputs
[maternalsmoking(S),maternaldrinking(D), first trimesterprenatalcare(PC),andmater-
nalweightgain(WG)], andthreebirth outputs[gestationalage(G), birth length(BL), and
birth weight(BW)]. Theendogeneityof inputsin thethree-outputbirth productionfunction
is theimportantdistinguishingstatisticalfeaturebetweenourmodel[seetheseminalwork
of Grossman(1972)]andthoseof othersocialscientistsandepidemiologists.

2. DATA

Ourdataaredrawn from theNationalLongitudinalSurvey of Youth(NLSY) mergedchild-
motherfile for 1994.Wherenecessary, additionalvariablesareconstructedusingthedata
from theNLSY mainfile for 1994.Thepriceindicesoncigarette,alcohol,medicalservices
and food are obtainedfrom the consumerprice index databaseof the Bureauof Labor
Statistics.

In this paperwe analyzeonly singletonfirst-bornlive births. Therewere3,648live
singletonfirst births to NLSY womenbetween1979and1994. We dropped221 births���



to womenin the military and28 to womenno longer living in the U.S. This left 3,399
observationsfor our target sample. Missing observationsfurther reducedour sampleto
1,962observationswith completedata[Li andPoirier(2000,Table1)].

Our choiceof the twenty-fourexogenous(conditioning)variablesasshown in Table
1 is guidedby the existing literature( ��� is the interceptterm). Variables��� - ��� cover
basicphysicalcharacteristics(the genderof the infant, the ageand size of the mother)
which we expect to be very importantin the birth outputequations.Variables�
	 - �����
captureregionalandtemporaleffectsplustheintelligenceandfamily incomeof themother.
Variables� ��
 - � ��� capturehealthinsurancestatusandavarietyof socioeconomicmeasures
of themother’sfamilybackground.Variables� 	 - � ��� arerisk factorsthatcausallyarequite
farremovedfrom thebiologicaleventof low BW. Weexpectthesevariablesto beimportant
in the input equations,but not in the biologically basedoutputequations.The detailson
thevariableconstructionareprovidedin Li andPoirier(2000)AppendicesA.1-A.2.

Table 1. A List of Exogenous Variables

� � MaleChild � ��� Missinghealthinsuranceavailability� 
 Mother’sage- 23yrs. � ��� Numberof adultsin household- 2� � Body massindex - 24 � ��� Numberof quartersworkedlastyear- 3� � Maternalheight- 162cm � ��	 Numberof maternalsiblings- 4� � Maternalweight- 63kg � ��� Grandmother’seducation- 12yrs.� 	 Northeast � ��� Not on time in schoolat age14� � South � ��� Non-urbanat age14� � West � ��� No employedmalesin householdat age14����� Calendartime - (19)85 ����� Cigarettepriceindex����� AFQT score/meanof sameage- 1 ����
 Alcohol priceindex����� Householdincomein � 1000- 25 ����� Medicalservicespriceindex����
 No healthinsuranceavailable ����� Foodpriceindex

3. MODELING

Following the strategy outlined in Poirier (1995,Chapter10), we choosea highly over-
identifiedspecificationfor ourmaintainedhypothesisH � , anda lessrestrictedspecification
H � asan alternative hypothesisthat we expectwill not lead to rejectingH � . Our prior
reflectsthis viewpoint. In Section4.1we testtheseoveridentifyingrestrictions.

Considera sampleof � independentsingletonfirst-born live births indexed by the
subscript� . Let [S���� D ���� PC�� ]  "!#�%$ � � � �'&(&)&)� �+* denotelatent variablesunderlyingthe
binarybirth inputs[S� � D � � PC� ]  ,$.- � ! S�� * � � ! D �� * � � ! PC�� *0/1 2!3�4$ � � � �5&)&)&(� �+* � where

� !�67*
denotesan indicator function which equalsunity if the argumentis positive and equals
zerootherwise.For estimation,we partition theendogenousvariablesinto inputs 8 � � and
outputs8 � � : 8 �� � $9-S�� � D �� � PC�� � WG� /  , 8 � � $:-S� � D � � PC� � WG� /  , 8 � � $9-G� � BL � � BW � /  !3�;$ � � � �'&(&)&)� �+* & Let � � !3�2$ � � � �5&)&)&(� �+* denote<>= � vectorsof exogenousvariables.

Supposethefour inputsaregeneratedfrom thefollowing specification

8 �� � $@?  � � �
ACBD� � � ! � *
���



where ? � $E- ?GF � ?IH � ?IJLK � ?NMGO2/ is <P=RQ . Also supposethe threebirth outputsare
relatedto 8 � � $S-S� � D � � PC� � WG� /1 asfollows:

8  � �'T � $U8  � ��T � A �  � ? � ACB  � � � ! � *
whereB � $9- B � � � B � �V/1 0W � �YX i.i.d. Z[	�!]\�	 �_^ *`!3�2$ � � � �5&)&)&(� �+* � T � is nonsingular,
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Thecoefficientsin ?G� e { !(|�$ G,BL, BW * aresetto zerounderourmaintainedspecification
H � .

Ourprior is proper, but moderatelydiffuse.Weusethesameprior for all racial/ethnic
groups.Theestimationof our modelextendsthework by Chib andGreenberg (1998)and
Li (1998),andis describedin Li andPoirier(2000)AppendicesA.3-A.4.

4. EMPIRICAL RESULTS

4.1. Evidence of Structure

We investigatewhetherour outputequationsreflecta biological structurein threerelated
ways. Firstly, the logarithmicBayesfactor in favor of our maintainedspecificationH � :?N� e O $�?N� e gYh $�?N� e g;M $�\�� versusthealternativeH � : ?N� e OS�$�\�� or ?N� e gjh��$�\�� or?N� e g2M��$9\�� is overwhelmingfor all groups[Li andPoirier (2000,Table10)]. Secondly,
thepredictivedensitiesfor all endogenousvariablesdiffer little acrossH � andH � [Li and
Poirier (2000, Table 11)]. Thirdly, underH � the six additionalvariables��	 - ����� add
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relatively little to thethreeoutputequations[Li andPoirier(2000,Table12)]. Becauseof
theseresults,subsequentresultsareconditioneduponH � .

4.2. System Results

Our treatmentof simultaneity, in contrastto mostof thebiomedicalliterature,is a distin-
guishingfeatureof ourmodel.While ourwindow imposestriangularity, it doesnot impose
afully recursivespecification.Table2 containstheposteriormeansandstandarddeviations
for the elementsin the variance-covariancematrix underour default prior. The posterior
resultsprovidestrongsupportfor themodelnotbeingfully recursive.

Table 2. Posterior Means (Standard Deviations) of Across-Equation Correlations and
Variances in ^ Under H �

D � PC� WG G BL BW��� �����9�������
S� & Q ���'�! & \DQ�����* u & \f� � \! & \�� � ��* & \DQf���! & \DQf\ � * u & ��� �fz! & � \fz � * & � �DQf�! & \���\w�D* & \f� ���! & ��� �Dt�*
D � � &7�
���! & �
���
� * u & \f����\& \���Qfz & \�� � �! & \DQft�z�* u & t�� � Q! & ��� ���f* & ��� z �! & \���z�t�* u & ��� t��! & �'� t�Qf*
PC� � & �
���! &7���
��� * & \ � zD\! & \�z � Qf* u & \�\ ���! & ��� Q � * u & � Q ���! & � z ��� * u & \w�Dz �! & � Qfz���*
WG

tfz & � �! � & �fz � * u & \�\����! & \���t � * & \�\�tw�! & \�Q � �D* & � t�zf�! & � � � \�*
G

z & \����! & t � \��f* & � z�Qf�! & \fz��D��* & Q�\�� �! & \ � ��\�*
BL

��� & ���! & � Q �f� * & Q��f�D\! & \DQfz�t�*
BW

& � ��z�\! & \ � � � *�2�f����� ��������� � � �9�������
S� & ��� t�z! & \���tf�D* u & \�� � �! & ��� Q��f* & \�����z! & \�� � z�* & \�Q��f�! & � ��� � * & �������! & � tf�D��* & QfzD� �! & � �DQ � *
D � � &7�
���! & �
���
� * & � t�� �! & ����� �f* & \ � Q��! & \�������* u & � z � z! & � Qft � * & Q � �Dt! & � � ��� * u & ��� \�t! & � z � ��*
PC� � & �
���! &7���
��� * u & � \ ���! & \ � \ � * u & � z�z�\! & � Q � \f* & ��� t �! & � t�����* & \���\��! & �'� ����*
WG

t�� & t �!#t & z ��� * & \ � \ �! & \���t � * & \�\ � �! & \�Q � z�* & t���t�\! & � t�����*
G

� & � zD�! & ��t����f* & ��� ��t! & \w��\ � * & t���\��! & ��� \�\�*
BL

� t & �f�! � & Q � ��* & t���z �! & \f��\w�D*
BW

& t �D� Q! & \�z����D*
� Q



D � PC� WG G BL BW� � �f '¡
S� & �D�����! & \ � tDQf* & \ � ���! & \����f��* u & \w��� �! & \�� � t�* & \�t � �! & �'��� ��* & � \f� �! & � ��z�\�* u & \�� ���! & � QfzDQf*
D � � &7�
���! & �
���
� * & \������! & \ � zDtf* & \ � ���! & \�z�zDt�* & Q�Q��f�! & � \��f��* u & � t ���! & ������� * & ��� t�\! & � ������*
PC� � & �
���! &7���
��� * u & \ � z��! & \�z�z��D* u & Q�Q � �! & ��� t�z�* & \ �D� \! & ��� Q��D* u & ��� \�z! & � ����t�*
WG

Q � & � Q!#t & Q � ��* & \�Q ���! & \�zDQ�Qw* u & \�\fz �! & \ � ��Qf* u & \�Qw��t! & � Qw� � *
G

� & � � �! & � t�\�z�* & � \DQf�! & \fzD����* & t���t �! & ��� �w�D*
BL

� z & t �! � & ����� * & t ��� Q! & \�� � �D*
BW

& t � ���! & \DQ�� � *¢ �0£ � � ���  
S� & Q � z�Q! & \ � ��\�* & \DQf\ �! & ��� t��f* & \DQft��! & \f�D\�t�* & ��� z �! & � z�\ � * u & \�z � Q! & � z���z�* & \�� � \! & � ������*
D � � &7�
���! & �
���
� * u & \�\�\�Q! & \���Q��f* u & \�\DQf�! & \�������* & � � � �! & ����� z�* u & \���Q��! & � � �f� * & \�zD� �! & � Q�� � *
PC� � & �
���! &7���
��� * & \DQ � �! & \���t�t�* u & �D� \�t! & ��� �DQw* & � zD��\! & � zD\�\�* u & t � zD\! & � Q�\���*
WG

Q�Q & � z!#t & � ��� * & \�\DQ �! & \�z���tf* & \�\�tfz! & \�t � t�* u & \w�Dz��! & � Qw�Dt�*
G

� & t�t�\! & ��� � ��* & ��� \��! & \�� � z�* & Q�� � �! & ��� � � *
BL

��� & Qf�! � & � ��t�* & t ��� t! & \���z � *
BW

& t�tf��Q! & \DQ�Qf��*Z � �0�¥¤w�i¦§�¨��©��  V� �
S� & t ���'�! & � zDQ���* u & � Q � \! & � ����Qw* & \�\����! & \�� � z�* & � Q�Q��! & � tw����* u & � \ � �! & � \���\�* u & � t�z �! & � z�zf�D*
D � � &7�
���! & �
���
� * u & t�z ���! & �'� Q��f* u & \ � Qf�! & \ � ��z�* & \���zDt! & �'� � � * & \w� � �! & � t � \�* u & � Q�� �! & � �f��Qf*
PC� � & �
���! &7���
��� * & \�z�\�\! & � \ ��� * & � \f� �! & ��� Qw��* u & \DQwz �! & ��� �D\�* & \f� ���! & � z�Q � *
WG

��Q & \f�! ��� & Q�Qf* u & \�\ ���! & \DQ�Qw��* u & \�\ ���! & \�Q�tw�D* & \f�Dz�z! & � ��t���*
G

� & ����t! � & tw� � * & � tDQf\! & \ � z � * & � � �ª�! & � t�z � *
BL

� & ��z �! � & t � �D* & Q � Q �! & \���� � *
BW

& Q�t��w�! & \ � t � *«"¬5­�®�¯L°j±V²�³n±'´fµ�®_¶;·1¬'²i¸w¹5º�»x¹'ºf±'´w¼�½j¾,¹§±5²�®~´�¬'²�¿À±'ÁÂ³ÂÃ_®�¼À­�¬4Äf´�³7­¥Å�ÆÇ`È�É ¼�³n±'Ê'¬�´w±5Á�®�Án®�¿Ë®_´�­�¶,±5²�®~Ê�³ÂÌ�®�´N±'¶,µ_¬5²0²�®_Án±5­�³Â¬�´�¶_º�´f¬5­`µ�¬5Ì'±5²�³n±5´fµ_®_¶_Æ� z



Of particularinterestis theoff-diagonalblockof correlationsbetweeninputsandout-
puts. Theresultsfor Native Americansindicatethat theposteriormeansof thesecorrela-
tions arefairly small relative to their posteriorstandarddeviations. But dueto the small
sampleof eighty-oneNativeAmericanbirths,theseposteriorstandarddeviationsarefairly
large.Thesamplesizesfor theothergroupsaremuchlarger, resultingin smallerposterior
standarddeviationsandthemovementof theposteriormassclearlyaway from zero.

Although our prior for ^ is centeredover a diagonalmatrix (supportingthe useof
single-equationmethods),the needfor simultaneousequationstechniquesis apparentin
ourposteriorresults.ThecorrelationsbetweeninputdisturbancesandtheBW disturbance
arefairly smallfor mostgroups,thisshouldnotbeinterpretedasjustifying simply running
a regressionfor theBW equation.Thecorrelationbetweenthe disturbancesin theG and
BW equationsis sizeable.Indeed,asLi andPoirier (2000,Section4.6)note,theordinary
leastsquares(OLS) resultsfor theBW equationof Main Whitesaresubstantiallydifferent
from ourposteriorresults.

The correlationsamongoutputdisturbancesaresizeablefor all groups,exceptpos-
sibly for Native Americans.Also notethat the posteriormeanof thevarianceof theBW
disturbanceis noticeablysmallerfor theMain White groupthanthoseof all othergroups.

4.3. Output Equations

Theoutputequationsareof primeimportance.They describehow birth inputstogetherwith
thebiologicalsizeof themotheraretransformedinto birth outputsdescribingthephysical
characteristicsof the infant. We discusseachof the threeequationsin turn, presenting
posteriorresultsunderthedefault prior. Whendiscussingmaternalheightandweightwe
takeinto accountboththeireffectsthroughbodymassindex (BMI = weightin kg/[heightin
meters]� ) andtheir lineareffects.Theposteriormeansandstandarddeviationsof thepartial
derivativesof theexogenousvariableeffectsof maternalheightandweightarereportedfor
eachoutputequation.

Theposteriorresultsfor theG equationarereportedin Table3. Thepicturesregarding
theeffectsof exogenousvariablesdiffer somewhatacrossgroups.AlthoughBMI, maternal
height,andmaternalweight do not appearto mattermuchindividually for Main Whites,
Blacks,andHispanics,thenetmarginaleffectof maternalweightis substantialandsimilar
acrossthegroups.In contrast,thesamethreevariablesappearto have separateeffectsfor
SupplementalWhitesandNative Americans,which yield no neteffectsfor Supplemental
Whites,anda negative neteffect of maternalheightfor Native Americans.Theposterior
effect of beingmaleis only noticeablefor Main Whites. Theposterioreffect of maternal
ageis consistentlynegativeandnoticeablyshiftedaway from theorigin for Main Whites,
Blacks,andHispanics.
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Table 3. G Equation by Group: Posterior Means (Standard Deviations) of TjÍ and ?IÎ
Under H �

JLÏ �)Ð Ï ÑGÒ �)ÓMÕÔ �(Ö#× F�Ø5Ù_Ù�ÚMNÔ �nÖ#× gYÛ ÒVÜ0Ý Þ �1ß Ù�Ú à~Ò Ö3�)áV×��â × Ï�Úã ä � Ú �����å � Ú ������æ Ú �������å Ú 
������_æ ä Ú 
���
�
å Ú �������_æ Ú ��
����å Ú ���_����æ ä Ú �����_�å Ú 	��_����æ ä Ú ������	å � Ú �����_æç Ú �������å � Ú ������æ � Ú �����å Ú �_����
�æ Ú 	�����
å Ú ������
�æ ä � Ú �����å Ú �����_��æ ä Ú �������å � Ú ����	�æ ä Ú 	������å Ú ��	_���_æè�é Ú �������å � Ú ������æ Ú ��
����å Ú ����	���æ Ú ����	��å Ú ��������æ � Ú ��
�
å Ú �����_��æ � Ú ��
��å Ú ��	�����æ ä Ú 
�	����å � Ú �0�V��æê[ë Ú �������å � Ú ������æ Ú �_�����å Ú �_������æ Ú ��
����å Ú ��
�����æ Ú ������
å Ú ��������æ ä Ú ���_���å Ú �_������æ Ú �������å Ú ����
��_æ
ì1í_î#ï0ð3ñ0ï0ò5î ��� Ú ���å � Ú 	�����æ 
�	 Ú ��	å Ú ����
���æ 
�	 Ú �_�å Ú ���_��	�æ 
�	 Ú �_
å Ú 	�������æ 
�� Ú ��
å Ú 	�������æ 
�� Ú ���å � Ú ������æóiô�õ ïYé�ö5÷ õ ø Ú �������å � Ú 	�����æ ä Ú ���_���å Ú ����	�	�æ ä Ú �0�_
�
å Ú 
�������æ Ú ���_	��å Ú ���_����æ ä Ú �������å Ú ���_���_æ Ú �_�����å Ú ��������æóiù�î#ö5ï0ð¥ú û�ô�ü�ï�ý ��
�þ ð#û¥ÿ Ú �������å ��� Ú ����æ ä Ú ���_���å Ú �_�_��
�æ ä Ú ���_���å Ú �������_æ ä Ú �_���_�å Ú ��
�����æ ä Ú �������å Ú �������_æ ä Ú �V��	��å Ú �_�����_æ
��ù�ø þ�� ô�û3û�÷ í'ø5ï���ý ��� Ú �������å ��� Ú ����æ Ú �_�����å Ú ��
�����æ ä Ú ����	�	å Ú ���_����æ Ú ������
å Ú ��
�
�
�æ ä Ú �_���0�å Ú 
���	�	�æ ä Ú 	�	����å Ú ����	�	�æóiô�î#ï0ð3í5ô�õ�ö_î�ÿ ý ����� ñ � Ú �������å ��� Ú ����æ ä Ú ���V��
å Ú �_������æ ä Ú �������å Ú �������_æ Ú �������å Ú ��	�����æ Ú ������	å Ú �������_æ ä Ú 
��_	��å Ú ����	���æóiô�î#ï0ð3í5ô�õ��ªî0ÿ ý ��
�� ü Ú �������å ��� Ú ����æ Ú �������å Ú �_��	�
�æ Ú �����0�å Ú ����
���æ Ú ������	å Ú ��������æ Ú �����_�å Ú �����_
�æ Ú �����_�å Ú 
���	���æ
	�ï0÷ ü�ö_î ä Ú ����
��å ��� Ú ����æ ä Ú ���_���å Ú �V��
���æ Ú ���_���å Ú ��������æ Ú ����
�
å Ú ��������æ Ú �_��
��å Ú �_������æ ä Ú �_	����å Ú �_������æê+ï0÷ ü�ö_î Ú �������å ��
 Ú �_
�æ Ú �V����	å Ú ����	��_æ ä Ú �����_�å Ú �������_æ Ú �������å Ú �����_
�æ Ú �_�_���å Ú �V�����_æ Ú �����_�å Ú �_�����_æ
Table 4. BL Equation by Group: Posterior Means (Standard Deviations) of T � � T � and?I� Under H �

JLÏ �)Ð Ï ÑGÒ �)ÓMÕÔ �(Ö#× F�Ø5Ù_Ù�ÚMNÔ �nÖ#× gYÛ ÒVÜ0Ý Þ �1ß Ù�Ú à~Ò Ö3�)áV×��â × Ï�Úã Ú �������å 
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