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Abstract: The aim of the study was to estimate the paramefettse heteroscedastic bivariate Probit
model established for the induced abortion andcthmtraceptive use by using socioeconomic and
demographic factors and their effects by elimimgatihe observed heteroscedasticity. Using a
heteroscedastic bivariate Probit model and TurKigimographic and Health Survey (1998) data on
married women aged 15 through 49 years, we estihtht probabilities of their having an induced
abortion, if induced abortion have, of their usimantraceptive methods. The results of the research
show that induced abortion is perceived and used egntraceptive method among the women in
Turkey. This shows that it is the correct way t@mine those two variables, induced abortion and
contraceptive use, together.
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INTRODUCTION Individual reproduction choices have national and
global consequences so that a nation can deteritsine
In our society, there is excessive fertility ahdg, ratio of fertility. It is natural for those intertesl in
rapid population increase. Excessive fertility family planning and reproduction health how the ake
negatively affects both the mother’'s and the irnfant contraceptive methods, their efficiency and theeagr
health and rapid population increase slows down thef miscarriages affect the total fertility ratio afhation.
speed of development and decreases the share of the Turkey is one of the rare countries where induced
investments in education, health and productionabortions are legally allowed up to ten weeks’ tiafe
Family planning methods have a large share irpregnancy. Though the right to have induced abwitio
reducing the excessive fertility rate. freely used by many women, the social charactesisti
Family planning services and health education argf the women who prefer to induce abortions instefad
quite important. If women can protect themselvesfamily planning services are noteworthy and thet fac
against pregnancy using one of the modern methodshat the previous habits of contraceptive use obeh
undesired pregnancies and rapid population increasgomen are known is an interesting research subject.
can be hindered. In a research (TNSAB8)t has Therefore, in this study, the aim was to determine
been reported that 19% of the births which havenbeewhat the socioeconomic and demographic factorstdfte
occurring in the last five years are undesired &bt  the contraceptive use and induced abortion arewdnad
of them are unplanned pregnancies. In this casehe level of the their marginal effects are. Theatiate
women may face with abortions and sometimes mayrobit model given below is used to realize this.ai
endanger their health. Therefore, the spread ofgusi

family planning services and modern methods will MATERIALSAND METHODS
both decrease and prevent the undesired pregnancies
and induced abortions. The distribution of the error terms of bivariate

In cases where family planning services are noprobit model for binary outcomes has a bivariate
available or enough and other psycho-social factorstandard normal distribution. In addition, it issased
hinder the use of such methods, women may go t@vardhat the error terms are related with each &hdthen
inducing abortions. Besides, because of the faibfre the bivariate pr0b|t model for binary outcomes iMn
the family planning methods that are used, undesireestimates probit equations in correlated error
pregnancies may occur, which cause them to havgjisturbance) ternt.
induced abortion. The specification of this model is:

Within the health criteria, miscarriages and
stillbirths have a special importance. Stillbirthsd yo=
miscarriages are important indicators in evaluating t ; 1}[81,82]~(p2(0,0,1,1p) Q)
mother’s health. However, as one of the aims ofilfam Yz =X2P2*¢€;
planning is to prevent undesired pregnancies, ieduc
abortions have a special importance with regard tavhere, x and % are vectors of independent variables,
family planning services. 1 and, are vectors of parameters to be estimated,
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ande, are vectors of error termg,is the coefficient of It is very important to test the heteroscedasticit
correlation betweerz; and €, and dependent (latent) in qualitative dependent variable models becauise th
variablesy; and y,are only observed as dichotomous Mis-specification leads to inconsistent estlma{‘fibrs
variables yand y, defined a4’ The error terms in one or b_oth _prob_lt equations may
be heteroscedastic. In this situation, a plausible
choice for the functional form of the heterogenegy

) :{1 ify;20 4 ] :{1 ify, 20 ) a variaton of Harvey's “multiplicative
0 otherwish 0 otherwish heteroscedasticity” approach. So:
The probability of the occurrence of any level of o% =o”exp(X B)i=1,..T (9)

the two dependent variables (e.g. P=(\{L, = 2)) can

be computed with the bivariate normal c.d.f. Since h . find d . . K

those two models’ error terms can be correlatedh wit \llavarear%e)t(elfsa}[sek:eo elsntirig?en q elrr11t \\m?&f gg'g?o,xvsn
h other. Pz 1, p=1)fori. Th bject is: N e A

each other. Py= 1, = 1) fori. The subject is Godfrey suggests, there is a useful simplificatibthe

Eq. (9). Let 2 = [1, x] andy’=[In &%, B]. Then we can

Py, =1y,=1= F( ¥) 0.9, Q’) write the model as simply:
=, (X, B8, X, Bp) ©)
o o’ :czexp(x;y)2 (10)

- J. J. (p(sl,ivsz,i;p) de,, .ck

=X By =X3B2

where, z is a set of independent variables that aray
The model given in Eq. (3) is called bivariate may not coincide xy is unknown parameters to be

. ] estimated.
prOb.:}thO%?[\fériate probit model has four possible The heteroscedastic bivariate probit model is éike

outcomes of the joint binary decisions and they(gre standard bivariate probit model except for thereis
=1,%=1), h=1, %=0), 1= 0, p=1) and (y= 0 separate equation to model the error variance er th

y» = 0). The corresponding probabilities for the four €TOrs N prediction arftt
possible outcomes are:

€ ~ N[O,exd z;ys)z} ,s= and/or 2 (11)
P, = P(yl,i= Ly, = 1/%; 1xz,i) @)
=, (X' . X, Bip) The heteroscedastic bivariate probit model is as
follows:
Po=P( %= 1y,= 0/%,.x)=0( XB.)- R, (5)
x,'B X, B
Ply,=1y,=1=0 ey oy PO (12)
Pu=P(%,= 0%, = 11, %) =0 %B.)- B (6) bi=ty=dz=e exp(7v,) ‘ex 7v.)

Po = P( %i= 0.%,;= 0/x; le) If the error terms are heteroscedastic in the iprob
1l oy @) model, then the ML estimates of the parameters are
=1 (p(xl.nBl) (P(Xz,iBz)+Pu . . . . .
inconsistent and covariance matrix estimates are
) o incorrect?. If the researcher is conscious about the
where, 0, 5 c.d.f. Of the bivariate standard normal peteroscedasticity, in order to obtain the constste
distributiori”’. _ , _ estimates, the variables that can cause
The two equations can be estimated consistently byaeroscedasticity must be tested. These variales
in(_jivi_dugl Si_”g'e eguation ,er’be methods. quever,be added to variance equation part to be adjusted.
this is inefficient in that it ignores the corretat There are three tests for heteroscedasticity én th

between the error terifis _ binary choice framework-Likelihood ratio, Lagrange
The parameters of the model can be estimated bﬁﬁultiplier and Wald test statistid<l]

maximizing the following likelihood functidf: Once parameter estimates are obtained, a natural

next step is to consider the marginal effects @& th

L(B B'P): U P(l_yl,i)(l_yz,i)EP(l_ y:l,i)'yZ,i covar_iates in the conditional distrib_utions. The

vz . 00i o1 marginal effects of the bivariate probit model are

(8) examined while studying with a heteroscedastic

_Pylvi(l_yzvi)ﬂlviyzvi model. The conditional mean function of the
10i 11 bivariate probit model {&"

333



American J. Applied i, 1 (4): 332-337, 2004

Table 1: Description of Socioeconomic and Demogiaphriables
Variable Level

Current age of woman :15-18

:19-34

: 35-49

Rural

Urban

West

South

: Central

North

East

: No education

: Primary

: Secondary

Higher

1,..,13

: Did not work

: Paid employee

: self employed

: Unpaid worker

: Low level monthly income household; which refars
the households with an income less than 100 millibn
2: Middle level monthly income household; whichersfto
the households with an income between 100 millizh a
500 million TL.

3: High level monthly income household; which reftr
the households with an income more than 500 millibn

Type of place of residence

Region

Education level of woman/partner

Number of living children
Current type of employment of woman

Total income in the household

Woman/Partner insured by health 0:No
Insurance 1:Yes
Knowledge of family planning methods 0: Knows no method
1: Knows any method
Woman/Partner’s approval of family 0: Disapproves
planning methods 1: Approves
2: Doesn’t know
Partner’s position at work 1: Self-employed
2: Wages /on salary
3: Unpaid family laborer /other

1Y, % X,,2,, =1ly,, .
Bl fyex 2z )= %= 1% % % 2.9 Contraceptive methods can be used to extend the

P(y1=1,y2vX1szZuZz) birth interval and to limit the number of children.
- p(yz/xz,zz) Generally, pregnancies result in induced abortion,
even though it is not a family planning method, if
_‘Pz(aa(ZYz 3)32(234 )P) (13) contraceptive methods are not used, misused or
- ( 2y, - az) inefficiently used. So it is important that we exam
the use of contraceptive methods and induced
_ (.93 .qp) _ 0, 6.5p") abortion together.

(p(qzaz) ol c As the independent variables, socioeconomic and
demographic variables are taken and given in Table

Derivatives of the various functions shown aboveFor this application bivariate probit model for &ig
give the desired marginal effeltts outcomes is used.

By using the theory given above up to now, for the  Data used in this study are taken from 6148
applied study, two dependent variables are takée. T married women in 1998 Turkish Demographic and
first is the decision of whether or not to have anHealth Survey (TDHS-98) that was conducted by the
induced abortion; the second is the decision ofthdre Hacettepe Institute of Population Studies.

or not to use any contraceptive methods. These are
categorized as: RESULTSAND DISCUSSION

*  In Turkey, married women using any contraceptive From the test statistics, with the Lagrange
methods is coded with 1 and those not using anynultiplier, homoscedasticity is tested (Table 2).
method is coded with O According to Table 2, first dependent variable icell

* In Turkey, the event of married women having anabortion in the first index equation is affected dge,
induced abortion is coded with 1 and the event ofotal income in the household, education level of
married women not having an induced abortion ispartner, knowledge of family planning methods and
coded with &2, woman’s approval of the family planning.
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Table 2: Heteroscedastic Bivariate Probit Model URss Effects of Socioeconomic and Demographicdescton the Probability of Induced

Abortion and Contraceptive Use among Married Woimged 15-49 years

Standard Z Statistic
Variable Coefficient Error
Index equation for induced abortion (Y1)
Age 0.56931*** 0.10604 5.369
Total income in the household 0.31366*** 0.10486 2,991
Education level of partner 0.16423* 0.07419 1R32
Knowledge of FP methods -3.26855*** 0.45256 22
Woman's approval of FP -0.50530*** 0.17133 -2094
Index equation for contraceptive methods (Y2)
Type of place of residence 0.07995* 0.04663 3.71
Region -0.17217** 0.02165 -7.950
Number of living children 0.44535*** 0.04735 k3
Current type of employment of . 09044*** 0.02148 4.210
woman
Total income in the household 0.14452** 0.04071 3.549
Partner insured by health insurance 0.29255*+* 05074 5.066
Partner’s position at work 0.08367*** 0.02672 131
Variance equation for Y1
Type of place of residence 0.26208*** 0.06357 122
Region -0.07424** 0.01990 -3.730
Education level of woman 0.07412 0.04729 1.567
Number of living children 0.35042*** 0.02787 B70
Current type of employment of 0.05530** 0.02675 2.067
woman
Partner insured by health insurance 0.15052** 5732 2.626
Partner’s position at work 0.01098 0.04555 .241
Variance equation for Y2
Age 0.38064*** 0.03407 11.169
Education level of woman -0.40719*+* 0.02400 461
Education level of partner -0.20238*** 0.02261 8.948
Woman'’s approval of FP -0.08936*** 0.03306 -370
Disturbance Correlation
pOO .45023*** .02730 16.491

Goodness of fit
Likelihood Ratio Test=288. 562***

Heteroscedasticity Test
Lagrange Multiplier Test = 682.8533***

*=p<0.10; **=p<0.05; **=p<0.01

Table 3:Correlation Test Results in the BivariBt®bit Model for

If the significant coefficients in the index and
Induced Abortion and Contraceptive Use

variance equations are positive, this means that th

Test statistics Testresults  variable is effective in increasing the probabilitf/the
Lagrange Multiplier 309.281 occurrence of the relevant dependent variablet i$ i
Wald 271.969 negative, this means that the variable is effective
Likelihood Ratio 194.898 reducing the probability of the occurrence of the

relevant dependent variable.

The independent variables in the first variance  The hypothesis about the correlation between the
equation, since they cause the heteroscedastinity a error terms is tested. The results of the some-well
affect the same dependent variable or type of placknown test statistics for testing the hypothesis: HO
of residence, region, number of living childrength p**=0 are given in Table 3 which are significant at
current type of employment of woman and whethera=0.01 significance level. The result shows thathia
or not the partner is insured by health insurance. ~ presence of heteroscedasticity, the two dependent

The second dependent variable, the use oYariables mustbe examined together.

contraceptive methods in the second index equaison, Another way to understangt™ is to think about
affected by the type of p|ace of residence’ regionpther Var|ab|es, both which cannot be taken to the

number of living children, the current type of model and which can affect each of the dependent
employment of woman, total income in the househoIdVQ”ables- Ifp0O0’s positive and statl_s_t|cally S|g_n|f|cant,_
whether or not the partner is insured by healththis means that there is a positive and interactive
insurance and partner's position at work. corre[atlon between. those two dependent varlqbles.

The independent variables in the second variancghat is also a p_roof in the sense of those twoatdes
equation, since they cause the heteroscedastioity a cannot be examined separately.

affect the same dependent variable are age, edocati Regardless of whether we interpf@Il’s sign, is

level of d N d , | {hat a statistically significant relationship beemethe
evel of woman and partner ahd womans approval O, dependent variables does exist. Models faitmg
the family planning.

account for this will produce incorrect estimates.
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Table 4: Components of Marginal Effects for (E¥/y.=1]) (% Change)

Variable Effect x Effect % Effect z Effect 2 Total Effect Standard Error
Age 0.06849 0.00000 0.00000 0.02079 0.08927*** 0.01106
Type of place on 0.00000 -0.00329 0.05373 @000 0.05044*** 0.01276
residence

Region 0.00000 0.00708 -0.01522 0.00000 -L008 0.00415
Education level of 0.00000 0.00000 0.01520 2P0 -0.00703 0.00976
woman

Number of living 0.00000 -0.01831 0.07185 0@mO 0.05353*** 0.00482
children

Current type of 0.00000 -0.00372 0.01134 0.0000 0.00762 0.00545
employment of

woman

Total income in the 0.03773 -0.00594 0.00000 00000 0.03178*** 0.01170
household

Education level of 0.01976 0.00000 0.00000 1005 0.00870 0.00919
partner

Partner insured by 0.00000 -0.01203 0.03086 0mo 0.01883 0.01159
health insurance

Knowledge of FP -0.39319 0.00000 0.00000 0.0000 -0.39319%** 0.03074
methods of woman

Woman's approval -0.06079 0.00000 0.00000 4880 -0.06566*** 0.01959
of FP

Partner’s position at 0.00000 -0.00344 0.00225 0.00000 -0.00118 0.00931
work

* =p<0.10; **=p=0.05; **=p<0.01

Table 5: Components of Marginal Effects for (E [§2¢1=1] ) (% Change)

Variable Effect x1 Effect x2 Effect z1 Effe@ z Total effect Standard Error
Age 0.00000 -0.00510 -0.03406 0.00000 -0.08916 0.00434
Type of place of residence 0.00539 0.00000 @000 -0.00400 0.00138 0.00316
Region -0.01160 0.00000 0.00000 0.00113 -1610 0.00142
Education level of woman 0.00000 0.00000 0.03644 -0.00113 0.03530%*** 0.00432
Number of living children 0.03001 0.00000 0.0000 -0.00535 0.02465*** 0.00289
Current type of 0.00609 0.00000 0.00000 -0.8008 0.00524*** 0.00141
employment of woman

Total income in the 0.00974 -0.00281 0.00000 .00000 0.00692** 0.00273
household

Education level of partner 0.00000 -0.00147 8101 0.00000 0.01663*** 0.00281
Partner insured by health 0.01971 0.00000 00000 -0.00230 0.01741%** 0.00367
insurance

Knowledge of FP methods 0.00000 0.02930 0.00000 0.00000 0.02930*** 0.00269
of woman

Woman'’s approval of FP 0.00000 0.00453 0.00800 0.00000 0.01252%** 0.00339
Partner’s position at work 0.00564 0.00000 00mo0o -0.00017 0.00547*** 0.00188

* =p<0.10; **=p=0.05; **=p<0.01

Firstly, the effect of independent variables oa th It can be seen easily from Table 4, knowledge of
dependent variable can be seen from the sign of theP methods, age, woman’s approval of FP, number
coefficients. To determine the magnitude of thoseof living children, type of place of residence, abt
effects, marginal effects can be calculated. Th&ncome in the household and region are the ordered
marginal effects of the independent variables t#t  sjgnificant variables according to the magnitude of
affect the induced abortion decision and the use ofne percentage of total effect which is affecting

contraceptive method decision are given in Table 4nq,ced abortion when it is known that the woman
and 5. Definitions of the column labels given in qaq any contraceptive methods $yL).

Tables 4 and 5 are: The marginal effect of the independent variable ag
indicates that an increase of one unit in age caage
x, effect:  Independent variable’s effect on the firstincrease on the probability of having an induced
index equation, abortion. According to the magnitude of the perazit
Independent variable’s effect on thetotal effect, age is effective by about nine petqmints
second index equation, in increasing the probability of having an induced
z effect:  Independent variable’s effect on the firstaportion. The effect of the age in the varianceatiqn
variance equation, is about 2% and positive. Both in the first equatind
Independent variable’s effect on thein the second variance equation variable age are
second variance equation. effective in increasing the probability of having a
Total effect: The total of the four effects. induced abortion, when it is known that the woman
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used any contraceptive method. The other variable’'d.

marginal effect can be interpreted in the same way.
The results in Table 4 fory1 is interpreted in the

same way for =1 in Table 5. Age is the most effective 5.
variable at using contraceptive methods when it is
known that the woman had an induced abortion (-
0.03916). The other independent variables are
education level of woman (0.03530), knowledge of FP
methods of woman, number of living children, partne 6.

insured by health insurance, education level ofrear

woman’s approval of FP, region, total income in the

household, partner’s position at work and currgpet
of employment of woman follow that.

It is concluded that the decision of married

women’s (15-49 age) induced abortion is affectealby

other variables except for the education level of8.
woman/partner and partner's position at work when

significance levels a=0. 01, 0.05 or 0.10 are u3éxrd

decision to use contraceptive methods is affeciedllb 9.

the independent variables in the equation.

The results of the research showed that induced
abortion is perceived and used as a contraceptive0.
method among the women. This shows that it is the

correct way to examine those two variables together
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