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On tha Care and Mandling of Ragr:3sion Spzcifications
in Fertilitr Reszarch

Zconomists, sociolosists and demorranhers must often attempt
to answer important quesfions with data not wzll suited to the
problem at 1and, e axarmle that crops up fraquently in socio-
acononic-demogranhic literaturc is the usz of samplas of women
whosea ages snan tha entire fecimd neriod to studv the effects of
counles characteristics on "corpletad" fertility, or the demand
for children., In this case, the usual nrocadure is to control
either for aece or duration of marriage, and to assume that timing
and spacine considerations can be ienored., Under this assumption
the stock of childrén at any point in time (any ase),or diffaren-
ces in the lavel of that stock amons families bears a one-to-one
correspondence to diffcrences in commleted fertility observed at
the end of the fertil~ period. In this notz, we explore some of
the pitfalls that researchers may sncounter whan usine such data,
esnacially in the absence of axact lknowledee on the functional
form of the relationship between ace or duration of marriage and
other variables thoupht to affect actual fartilicy,

Yle begin with a brief review of gome reerression results
published in an carlier issue of this journal, mnd then consider
several extensions of those results that on the surface appear
to produce interesting and nolicy-rclevant new information about
factors that influence the number of children that couvles have,

then dissect these rasults with an eye toward assessing their
validity as measures of behavioural tendencies versus end alter-

native explanation basad solely on a simenle, though zasily
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overlooked, series of specification errors. Our analysis strongly
sugsest that the latter explanation -- svecification error -- may
account for many of the interesting findings extracted from our
nreliminary research, and offers a telling exarple of the care
with which statistical analysaes of individuzl and family behaviour

must oroceed,

Past York

In a recently-published study, Afzal, Khan and Chaudry (AXC,
hereeafter) analyse the fertilitv behaviour of a sample of Lahore
women whose ages range from 17 to 70. Although their primary
concern is with the relationship between (comvlated) fertility,
age of marriage, and infant and child mortality the authors also
congider the effect on observed fartility of a number of '"socio-
aconomic" factors such as wife's education and family income. The
rationale for including these variables in an analysis of fertilitv
can be drawn from a number of arguments basad both on supply con-
siderations like contracentive knowledge, and on demand factors
having to do with the costs and benefits associated with children.
In wvhat follows, we emphasize the demend side of these arguments,
hut the noint of the paper is, ia a2 seneg indzanendent of the
school of thought to which the reader adheres.

Proponents of the deamdn intorpretation of sceio-zconomic
variables state that there should exist a negative relationship
between those factors that are associated with increasing costs
of having and rearing children and the awmber of children counlas

have (other things equal, of course). If female schooling can



serve as a proxy for the value of 2 wife's time in activities

other than child rearing, then children will be more exnensive in
houscholds where the wife is highly educated than in households

in which the wife has littlz or no ed.ucation.l Taus, £rom demand
considerations we oredict a negative relationshin between fartilitvy
and wife's schooling lavel,

Thz relationship between incomz and fertility is a muche
dobated one, but at its simplest level, if cinilaren are like most
other items consumed by counles, as incomes rise, so will observod
fertility. The controversy surrounding the reclationshin betwaen
income and fertility tends to focus on the conflict between this
relatively straightforward theoritical nrediction and the empirical
fact that within most countries and mong most countries, rises
in income are associated with declines in fertility. There are
a number of exnlantions for this anonoly2 but one nossibility is
that the gross negative correlation between incorme and fertility
is not a casual »henomenon at all, but due to the positive cor-
relation between income and the cost of rearine children; for
examnle, the value of the motier's time in activities other than
ciiild rearing, and family jincom: are likely to be nositively co-
related. Under this explanation, controlling for the price of
children ought to change the rzlationshin between income and fer-

tility £rom negative to pesitive.

1 . .
For a more detailaed discussion of the relationshin hetween

female schooling ard fertility, sze /5 7; the tovic is
coverad in a somevhat more riecorous frshienin /~ 4 /.

2 3
For a sonhisticated theoretical armument as to why the nartial
relationship between income and fertility could be nepativa
even if children_wore normal soods in the strict definition of
this term, see /"7 7.
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¥We have gone briefly into some of tha'theory" underlying
our interpretation of the sncio-economic variables available in
the AXC study in order to give some indication of why we wera
initially dissatisfied with the regraession rasults presented in
[~ _TJ. The ARC rcpression of interest has as its dependent vari-
able children ever horn, (CEB) and as inderendent variables dura-
tion of marriage (DM) age of marriage (AM) aducation of the father
(EF) and the mother (EM), family income} and the family's infant
and child mortality rate (M--the ratio ~° infaat and child deaths
to children ever born). As the fallowing equation indicates, of
these variables, only duration of marriase and female educatinn
were significantly correlated with fertility:
CE3 = 3.3084),131 D-9.234 TM-0,137 EP+), 486 !
(16.8) (3.7) (2.2) (1.13)
-2.029 AM
) 71.0)
R™ =0,373; ¥=72.3 (t-ratin's in parantheses)
/| Source: ? 2 /7 v, 293 7

The [Oxtendad Analyzis

We bezan nur analysis of the Lahorza data by asking two quas-
tions vhich had not bren considered in the two piavious studiss
based on these data / 1_J and /2 7. The first question was whathes
the poor showing of the socioeacononmic variatlas micht not bz a
conszquence of misspecification of the fimctional relationship

batween some of the exnlanatory variablas and children ever born.,

lFamily inenm2 was actually drowned: “rom the resrcgsions remortad
in / '27 because the simnificance cf its coe”ficient fell
below a »nradeterminad minimum lavel,



The sacond question was a natural ccensequensge of the follow-

ing characteristic of the Lahore samplz:: of the 674 observations

in the working sample, 159 were drawvn from Model Town, a rela-
tively well-teo-do arca cf Lahora, while the remaining 515 obser=-
vations were selected from Lahore Township, an area of pradominantly
low income familiass, Thus, the second aim of our study was to
determine if the relationshin between fertility and various socio-
economic characteristics of the family differ for families living

in high income arcas as compared to £amilies living in low income
districts.

To exnlore this possipility, the Lahore sample was divided
into the relevant subsamples, and separate regressions calculated
for mrach subsamnlz, In addition, a number:-of alternative funec-
tional Sorms were tested tn determinz whethar the statistically
weak results raported in AXC were partly due to snecification
error. Variables used in this analysis are drawn from the earlier
AXC work with some excentions discussed below. Variable means
and standard deviantions for each of the subsamples appears in
Table 11

As 1s evident from table 1, the twn subsamples differ 3ub-
stantially in their average socio-economic characteristics. The
average monthly income for Model Town is nearly five times that
of Lahore Tovmshin, with husband's znd wife's average schooling
levels telling the same story. In contrast, the averag2 numbers

of children ever bonrn for the two cormwunities are almost identical,

lDetailed descrinticns of hLoth tha sample and the variables
can be found in either / 1 /T or /2 T
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the mart of narents to renlace lost children, ®nt renlacinc~ child-
~an 13 Sar feom a costless acti-rier, ™irther, the cost ~d hene-
1t of reMlacing a lost child =111 Asnend in -art on the nroba-

Hilitv-of the suhscauent birth surviviae, I- some
narents arc, for reasons of health or environment, especially

nronz to high levels of infant mortality, and if they base their
{(perhaps implicit) estimate of the probability of a subsequent
birth surviving on thdr nrevious infmt mortality axrarionce,
then at high levels s#® infant mortality, parents may sirmmly ston
trying to renlace lost children. 1If mortality levels are suffi-
ciently high, these ''discouraged narzntas' may also revise down-
ward their desires for living children, which could account for
the negative portion of line A in fie. 2,

Age, Income and Fertility

In exploring the possibility of a nonlinear relationship
batween income and fertility, we followed the nravious AKC for-
tulation with two axceptions. First, rather than include age at
marriage and duration of marriage in our regressions we choosa2
to use wife's age as a means of controllinpg for thz spacing and
timing of children. The reason for this change is the nossibility
that aze at marriase and, therefore, duration of marriags may be
endogenous to decisions on how many children couplas have, and
their inclusion in the regression would thus subject our rasults
to simultancity bias} Second, husband's and wife's education
lavels arc enterad as a series of categorical variables, a minor

deviation from the earlier work on these data. And finally, wa

S22 /[~ 57 for a discussion of the casual relatinnshi- are of
marriaze and fertility,



concentrated our initial efforts on the larger of the two samnmles,
that for Lahore Township, and will revort results €or the Model
Town samplz only when these results add to the discussion.

Although there is seldom strong theoretical justification
favouring one functional form over another, common sense leed us
to exrlore first functional forms which approzimate line A in Fig,
1, that is, which produce a positive but declining relationship
between income and fertilitv, A frequently used candidate in this
class of functions is a semi-log trensformation where the natural
log of income is treated as an exnlanatory variable.

The result of cur initial tost of this functional form is
given in eq. 1 of table 2, and it scams that incomz does indeed
affect counle's fertility beheviaur. The coefficient of the natu-
ral log of family income is nositive and sisnificant at the five
percent level, indicating that the lower the income level, the
ereater the effect of income on fertility,

For tha Model Town sample, the equivalent ragression pro-
duced an essentially zero coefficient on the log of income which
wa took as further conflrmation of our hypothesis that tha2 effact
of income on fertility declines as the leval of income rises; that
is , the mean level of income in llodel Town 1is sufficiently hieh
50 that most counles in that samnle Sall in the £lat na~t 5€ the
income=-fartility curve.

A rclatively high income elasticity of fertility among the
voor has important ar.d somewhat discouraging policy irmplications

~

Tor a country attemoting to slow nonulation growth rates. To

add to the confidence with " “1ich our rasults could be viewed. we
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attemped to assess the robustnass of our finding by estimating
several alternative snecifications of eq.l, and among these was
the regression given in eq. 2 of table 2, The justification for
including the square of wife's age as an exnlanatory variable is
straichtward -~ the relationship bonwzen age and fertility must
decline as women rcach tha ond of their fecund period -~ but the
important result in this new snccification concerns its effect
on the coefficient of the log of fanmily income, With the addition
of wife's age squared, the income cocfficient falls in ab~olute
value, and its t-ratio drops to well below conventional significan
levels

Whether this new finding renresents a rejection of our
income hypothesis depemds on why the chanee in the income cocffi-
cient gccurred., Onz exnlanation could be that we have pushed thes
data too hard, and that a laraer sample, or a better measure of
income would azain nroduce a sienificant inconma effect., A nore
concrcate explanation, howevzr, can be drawvm from the age distri-
bution of womzn in the Lahore Townshin data in combination with a
subtle form of omittad-veriable bias,

To understand why the incomz rasults in eq. 1 could be
the result of ommitted-variable bias, it i3 €irst necessary
to review the relationship.betwecen incomz and are. There is both
theoretical and much ermirical aevidonee to suggest that over a
family's 1life cycle, earnings and theorefore income rise but at

an ever-declininq.rate}

1 -
See /6T for a study basaed »m Pakistani data.
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"jow, we have already established that the relationshin between
wife's age and fertility is also likely to be positive but declineg,
Thus, 1f we were to leave age out of our regression snecification
entirely, wo wpuld run the risk of having the very strong age=
fertility relationshin picked up by income or some transformation
of income, That is, with age excluded, we could estimate a
significant and rositive coefficient for income that was due
entirely to the correlation hetween income and wife's age, and

not at all to the behavioural influence of income on fertility.

In the snecification ifor eq. 1, wife's age has been included
as an exvlanatorv variable, but not in the appronriate fumctional
form. 1In a sense, we have ormitted the variable "wife's ape
sauared" and it is the correlation of the log of family income with
this ommited variable that could account for the nositive and
sionificant income coefficient in en, 1., The Adirection of the
bias caused by an omitted wvariable depends on the correlation
between the omitted variable and the included variables, and on
the partial correlation between the omitted variable and the
devendent variable in the recression. In this case, both the

predicted end estimated pmartial correlation between age sauared
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and fertility is negative, and the eross correlationbetween ar
squared and the log of income is also negative (-2,132), Omit
the age-squared term from the regression would therefore bias
income coefficient in a positive direction which could complet
2xnlain the change in the inceme conefficient between ea, 1 and
ag, 2 of the table 2,

¥Yaving arrived at at least one explantion for the chang
the income coefficient betwaen eqs 1 and 2, we now consider the
issue of why income 1is not significantly related to fertilitv v
in theory it ought to bhe., As ve stated above, measurement errc
tends to bias coefficients towards zero, and €amily income is 1
to be very poorly measured, But, arain we have no way of testin
this hynothesis short of doing additional f£ield work, However,
is one exnlanation for income's noor showine that can ba easily
teated using these data,

The regression specification used in AXGC and by us conta
ticasures of both husband's and wife's education levels. In our
aarlier discussion we considearzd the role of female education a
a proxy for the value of the wife's time, and thereforc the "co:
0% rearing children, but we offered no justification for the in
sion of male scihooling in the regression. Uhile thers are a nu
0% nossible reasons for treatine husband's schoolin~ as an exnl:
natory variable in a fertility regression, the most common just:
fication revolves around the correlation between schooling and
income, When better measures of income are not available, husb.

2ducation is often used as a nroxy for the family's wealth stat:



or income level, 3Sut in the Lahore data, we have a direct measur?d
of income; our regressions to this noint, therefore, can be thougnt
of as containing two measuras of the same household characteristic
-- family income, Collinearity between the two measures o€ income

could produce insignificant regrcssion coefficients for each measu-

r2 Tta% M sanevatale cfan ) s Tapt

L " tvue efTeat ~T Ineema is

gitiva can~ afenifiopnt

Table 3 contains tha results of our test of this hypothesis
for several different specifications of tha wife's age variable.
The log income coefficient is significant at conventional levels
in three of the four specifications, suggesting that collinearity
may, indeed, have heen a problem in the ecarlier swnecifications.

These new results raise an additional question: which of
the specifications for wifa's age produces the '"best'" results in
the sense of a least-hiased cstimate of the affect of income on
fertility? Based on the criteria of t-ratios and F statistics,
of the four snecifications in tahle 3, the log specifications
seems to fit best, However, since we cannot choosz among the non-
linear age specifications on a priori grounds, we decided that
the lecast costly specification in terms of bias ought to be one
in which age is allowed to seck its own functional ralationshin
with. the dependent variable, To do this, we divided th2 wife's
ane variable into gix shcrt linear seements defined so that they
would produce a continuous if disjointed profile of the relation-

ship between age and children ever bom.

Ll.The linear segments were defined as follows: AGEl=actual age
for those women between 17 and 21, or 21 for all women over
21: ASE2-0 for women aged 21 or less, 1 throush 5 for women
aged 22 through 26 resnectively, and 5 for all women over 26;
AGE3=(0 for all women aced 25 or less, 1 through 7 for women
aged 27 through 33 resnsctively, and 7 for all women over 33;
and so on for agec segmants 34 throueh 39, 40 throush 45 and 46 nlus.















Because the results presented in table 4 are almost too g
rhat is, statistically_ltpq_ strong Zor nic data, we decided that
closer lo.ol;j at; possible non-bzhavioural links between mortality
and fertility was in order. . The rmost obvious exvlanation, tha
of multicollinearity betwean mortality and mortalitv squared, o
not be testad directly because the computar program used in our
malysis does not supply the necessary information on the varia
and covariance of the estimated coefficients, but, it seems to
us that the real answar lies elsewhere in any case,

Let us assume that there is no bechavoural link between

mortality and fertility -- iz there any reason why we might stil
2xzcept a relationship of the fom illustrated in fig, 57 The
amswer is yes, md the reason has to do with the probability of
nbserving familiss with different numbers of children aver born
at the extrames of the infant and child mortality spectrum., If

A family has only one child, that is one birth, then the probab
of observing that couple at the upper extreme of the infant mor-
tality variable (i.e. a valuc of one) is aporoximately 7.188,
which is the mezan infant mortality rate for the sample as a whols
Similarly, the probability that that famlly has a zero value for
the mortality variable is 0,312 (1.0-,188), ™ow, consider the
other extremz of the family size distribution, a family with six
children. If mortality ratas do not vary significantlv by family
size, then probability that this second family will be at th
upper end of the mortality range is 0,000044 (0.1836) and at the
lower end, 0.29 (0.8126). Taus, without any behavioural feedback
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between mortality and fertility, we can completely explain the
shape of the curve illustrated in fig. 5. Both its curvilinear
nature and the fact that the intercept at a zero infant mortality
rate is higher than the intercept at an infont mortality rate of
one can be exvplained solely on the basis of the relative probabi-
lities of large and small families being observed at extreme valu~2s
of the infant mortality variable.

The point of the praceding discussion is that while there
are reasonable arguments to sunvort the contention that the rela-
tionship between mortality and fertility is nonlinear, it would
be virtually immossiblzs to test that hypothesils with data like
those used in this study. There are, of course, other more subtla
on fertility, for oxample by looking at birth intervals followinn
an infant or child death, but directly assessing the nature of
the link between cormleted fertility and mortality would apnear
to be an impossible task.1 Further, unless one recognises the
nature of the nonbehavioural relationshin between mortality and
fertility, one could be led to seriously biased nolicy conclusions

regarding the effect on family behaviour of a decline in mortality.

*Hote that this statement holds true not just for the nonlinear
exnrloration describad abova, but for any estimate of the partial
correlation hetween infant mortality and fartility. That part
of the curve in fig., 6 falling between a zero infant mortality
rate and, say, one standard deviation ebove the mean rate could
produce a positive and sisnificant linear coefficient since most
of the samnle observation will fall in that range.
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Surmarv and Conclusions,

In this paper, we have tried to demonstrate some of ti
difficulties researchers face when analysing variations in cc
leted fertility using data on women who are still in their ch
bearing years. Althoush the rurnnsz of the naner is mainly o
cautionary, at least one important implication for future res
can be drawn from our analysis., With regard to the effect of
in incor;;e on the total number of children a couole has, our =
are sugpestive of a mora cormlex ralationship between fertilit
income than has been estimated in many nrevious regression spe
fications, Further, althoueh our '"best" rcsults (32e p. 16) 1
statistically too weak to s2rve as a basis for policy conclusi
they do point toward thiz nossibility that a szcular rise in in
may initially exacarbate the ‘'‘population problem" in Takistan !
increasing fercilitv retas esnacially among low income familied

Qur analpsis of *he relationsiip tatween infant and chil
mortality and fertility indieates that many pravious studies of
this relationshin may hi:ve nroduced seriously biased results, 2
therefore, nisleading nolicy imnliecations, Althouzh it may be
sgible to dewvelon mathodologies to overcome the problem raised
our mortality analyuis, in our oninion, nothing short of comnle
birth histories ficr women who have completed child bzaring (and
the accompanying sccio-cceromic informatinm) would suffiee for
an analysis of the bchavioural links between fartility and mort:

Tith the incransed availability of micro data on individ

and familizs in Pal ..stan, there is likaly to bz a conmsiderable
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outpauring of regrossimn snalysas of the tyne outlined above, Vhila
much can be learned about human behaviour from these amd related
enpirical exercises, it is obviosus from our work that a great deal

o
(ox

false information can alsn result., Thus, the principal recomm-
endation that can be drawn from this study has to do with methodo-
logy rather than substance -- it any analysis of individual behaviour,
210 significant finding should receive a second and 2ven a third

look 1f spurious results are to be kent to minimum,
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