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The Importance of Education for Fertility in Sub-Saharan
Africa is Substantially Underestimated When Community
Effects are Ignored

Short abstract 112 worls)

Using DHS data for 22 countres in Sub-Saharan A frica, it is found that average
educational level n the communiy OHS cluster) has a significant depressing effect
on a wom an’s birth mates, net of urbanization and her own education. A ccording t©
sin ulations, average fertility for these countres would be 1.00 lower if education
were expanded from the cunent level In the r=gion to the wrlatvely high level n
K enya. Excluding aggregate education from the m odel leaves a regponse of only 0 52.
A oonsiderable aggregate contrbution is estimated even when several potential
determ nants of education are ncluded. This iTustates the need to consider aggregate
education In future assesam ents of the total 1 pactof education.



Longer abstract 204 woxds)

D iscrete-tim e hazard m odels for first- and higherorderbirths are estim ated fiom DHS
data for 22 countries n Sub-Saharan A frica for the 1990s. It is found that, am ong
women w ih the sam e number of com pleted years of schooling, fertility decreases
w ith Increasing average educational level in the neighborhood O HS cluster). Such a
significant com m unity effect, net of ubanization, has neverbeen docum ented before.
W hen the aggregate variable is left cutof the m odel, som e of its effect is captured by
the individual variable, but only a an all part. One m ay therefore be led t© conclude
that Investm ents In education are m uch less pow erful n rducing fertility than they
rally are. For exam ple, a sinulation based on a model including only mdividual
education reveals that average fertility for these 22 countries would have been 0 52
ower if education were expanded from the cument level 1 the region to that In
Kenya, which is the m ost advanced country in this respect. H ow ever, according to a
m odelw here also average education is included, the drop w ould have been as Jarge as
100, of which 038 is the purely individual effect. A considerable aggregate
contrbution is estin ated even when several potential determ ants of education are
entered nto them odels.



M an text 7563 w oxds)

Alhough women’s education has been one of the most thomughly studied
determ nants of ferdlity, with the perspective now offen extended t© nclude the
closely rlated 'wom en’s position’, in portant questions stdll cry for a better answ er.
N otonly do w e have quite m eager know ledge about the In portance of various causal
channels that education operates through. Even the assesan ents of total effects, In
different settings and on the w hole, are quite lnadequate.

One mather trivial reason for this is that m any studies have disregarded factors
that mfluence both education and fertility, such as the degree of utbanization (e eg.
review sby D iamond, Newby and Varle 1999; E loudou-Enyegue 1999).A s a parallel
to this, Desaiand A Iva (1998) r=ported that the effects of m atermnal education on child
health and m orality, which have long been reckoned as extraordinarily clear, are
much weakerw hen som e structural characteristics and individual background factors
are taken into account. B esides, variables causally subsequent to education have often
been included in r=gression models, which is no better when the ntention is to
estim ate a toal effect.

The other mason for madequate assessment of the total effect is that
com m unity effects usually are ignored. It is possible that the educational level am ong
people In the neighborhood has an effect on a wom an'’s fertdlity above and beyond
that of her own education. Uneducated wom en who live In societies where a large
proporton are lierate, or where the average educational level is high, m ay have a
fertdlity different fiom  that of uneducated wom en elsswhere. Th addition, also the
bettereducated m ay be influenced by the educational distrbution in the comm unity.
If aggregate education has, on the w hole, a substantial depressing effect, fertdlity m ay
decline m uch steeper In regponse to an ncrease n wom en’s education than suggested
by am odel thatonly nclides ndividual-level effects.

Caldw ell (1980) discussad the possible in portance of 'm ass education’ m any
years ago, and conclided thatneariuniversal entolln ent of children In prim ary school
probably is a key factorbehind fertility decline. The m echanism s he addressed can be
classified largely as aggregate-level effects. However, In the 20 years that have
elapsad, little em pirical research hasbeen devoted to aggregate education effects.

Som e efforts were made on the basis of community data collected 1 the
W orld Fertility Surveys In a few countres, butw ith the focus largely on the num ber



of schools In the vichity @eviewed I Casterline 1985). I an inporant recent
contrbution of a sim ilartype, A xinn and Barber 001) show ed thata wom an’suse of
modem contraception depended on the disance to school both In childhood and
adulthood End partly because of its Influence on herow n children’s schooling) .

Also the education that has actually been t@ken by other people I the
comm uniy has been considered in some studies. For example, Tienda, D iaz and
Sm ih (1985) found effects of average length of education on cum ulated fertility in
Penu, netof the wom an’s own education. In a K enyan study, Lesthaeghe etal. (1985)
show ed such net effects of aggregate education both on cum ulated fertility and som e
proxin ate determ nants. M oreover, Hirsdhman and Guest (1990) estmated a
significant fertdliy-inhibiting effect of the proportion of wom en w ih postprin ary
education in four Southeast A sian countries. Unfortunately, a control for utbanization
was not ncluded in any of these studies. A r=cent analysis from Zin babw e show ed
that, when such a varisble was entered nto the models, the effects of comm unity
education disgppeared com pletely K 1avdal2000). T fact, an effect of the educational
level n the neighborhood on actual fertility, net of ubanization and the wom an’sown
education, is sdll not statistically docum ented. Thomas (1999) w mwte that he had
found mean educational level o reduce cumulated fertdlity am ong South A frican
wom en, butdid not show the size of this effect. M oreover, the significant effect that
appeared In a study from Bangladesh @min, D iamond and Steele 1996) was for
contraceptive use, notactual fertdlity.

The cbctive of this study is t© estim ate how education has Influenced birth
mates in Sub-Saharan A frica n the 1990s through both individual- and aggregate-level
effects, and to illustrate the consequences of neglecting the Iatter when assessing the
toal in pact of education. A 1l countries w ith an easily available D em ographic and
Health Survey held after 1992 are ncluded. The focus is on births two years before
the survey, and m odels are estin ated sepamately for first and higherorder births,
because of the findam entally different behavioral m echanism s involved. Sin ulation
isused to show how changes n educational distrbution affect total fertility .

Theoretical considerations

A briefreview ofsuggested individual-level effects of education



There are several plausible reasons why wom en w ith, for exam ple, som e secondary
education usually digplay a low er fertility than the uneducated. To summ arize very
briefly @nd w ithout show Ing any literature r=ferences for these standard argum ents),
fertdlity desires have been thought to be influenced by the ndividual woman'’s
education because of: 1) the high opportunity costs of childbearing mvolved 1 som e
types of work thatm ay be offered the bettereducated wom en, ii) the cash expenses
and children’s r=duced contrbution to dom estic and agricultural work as a result of
children’s schooling, which tends to be encouraged by educated m others, iii) the
r=duced need for children as old age security, or to support the woman even as a
rlatively young w idow , when the fam ily’s w ealth allow s other kinds of savings, or
when the wom an is able t eam a living on herown and even set som ething of that
aside for the future, v) a stoonger desire am ong the better-educated t© spend m ore
time caring for a chid and to Ivest mor In each child, not only m term s of
education, v) a higher prevalence of nucleated fam ilies, which m ay reduce fertdlity
partly because childbearing costs t© a Jarger extent m ust be covered by parents, vi) a
stonger preference for consum er goods or other sources of satisfaction, and vii) a
ower nfant and child morality, nfluencing desires through replacem ent and
nsurance effects. These fertdliy-nhibitng effects may be set off against viil) a
possibly stim ulating in pact of a higher purchasing pow er resulting from educated
wom en'’s own w ork orthefrm arrage nto a rwlatvely rich fam iyt

M orality has a bearing also on the supply side. Besides supply and regulation
are lkely to be mfluenced by education, cne way or the other, because of i) the
higher age at marmdage am ong the bettereducated, x) their know ledge about and
accept form odem contraception, and their ability to use itefficiently, aswell as their
m ore efficientuse of traditionalm ethods because of better know ledge about theirown
body, xi) the erosion of traditonal nom s about postpartum  sexual abstnence and
breastfeeding that is supposed t© go hand In hand w ith education, and xii) theirhigher
fecundity because of better health or treatm ent for sexually tranam itted diseases. As
w dely know n, the fertdlity-stim ulating effects actually seem t© have been dom mantat
am oderate educational level In m any countries, and In particular n A frica during the
1970s and early 1980s.

One reason w hy education m ay operate through these channels is that schooling
generally disregarding variations in curdculim , resources and teacher attitudes)



m akes the w om en able to r=ad and w rite, Increases theirknow ledge about the outside
world, and provides them with certan practical and theoretical kills that enhance
their productivity > T addition, wom en'’s position relative t men may be Tvolved.
W hile their ‘economic autonomy’, ‘physical autonomy’ and ‘decision-m aking
autonomy’ fusing tem s from Jejpebhoy 1995) are likely to depend to a large extent
on communiy nom s and mles and insttutional stuctures, there may aleo be
ndividual variations determ ined by individual factors, such as education and each
fam ily’s Interpretation of the cultural proscriptions (see eg. Nimula and M organ
1996). In other words, her own cunent position com pared t© m en, and the position
she expects for the futtre and for her daughters, are probably determ ned both by
gender attitudes and stuctures I society and such ndividual characteristics as her
own education. If she has an education, she may, for exam ple, be allow ed by the
fam ily to w ork outside the house and m ore often be heard in discussions w ith hugoand
or n-law s This will add to the effect of her literacy and skills and possibly reduce
fertdlity desires through such factors as opporunity costs, old age security concems
and child m ortality.

W omen’s satus may also operate though channels other than those listed
above. For exam ple, In situations where the hudoand w ants m ore children than the
w ife which hasbeen indicated n som e studies e g.Bankol and Sing 1998), butnot
all), a soengthening of women’s decision-m aking autonomy is lkely to mduce
fertdlity (see also M ason and Sm ith, 2000). This is particularly relevant for A frica,
where women are reckoned t© be very subordhate 1 wlhaton t© their hudoand
fwhereas wom en in South A sia typically suffermore from a lack of physical and
eoconom ic autonom y) . Besides, w hen a w ife is considered m ore of an equal, the couple
may comm unicate better about contraception, and the hugoand m ay see clearer how
childbearing burdens the w ife. On the otherhand, a closer relationship m ay stim ulate
sexual activity. A s a final exam ple, wom en w ho them selves have a relatively inferior
positon relative to m en @End consider itunlikely that their daughters’ life w illbe very
different) m ay notonly consider the childbearing costs generally low and the 1r=w ards
high, but expectboys t© be even m ore usefiil than girls. Such boy preferences W hich
arem uch lesspronounced I A frica than In parts of A sia) w il enhance fertility desives
In settings w here fertility isnotextrem ely high (seeeg.Cain 1993).



The possible in portance of others’ education

Several of the causally interm ediate factors m entioned above m ay depend notonly on
the wom an’s own education, but also that of otherwom en. A s pomnted out by, for
example, M ontgom ery and Casterline (1996), other women may exert an effect
because of social leaming, social mfluence and more ndirect m echaniam s. The
ndividualw om an m ay leam directly from others by com m unication and observation.
It is not only factual know ledge that is likely to be tranam itted, but also attitudes as
w ell as understanding of possible consequences of different actions. Bongaarts and
W atkins (1996) have stressed that this leaming m ay iclide nterpretation 1 Iight of
current local conditons and the ndividual situation. There may also be a more
passive in iation of behavior (‘social nfluence’) without any (ctive digestion of)
new know ledge, driven by a desire t© attract otherpeople’s approval. A m ore indirect
mechanism is that others’ ideas, resources or behavior can influence society and
social nstitutions and thereby also behaviorm ore generally .

I principle, these mfluential ‘others’ m ay be close neighbors, otherwom en in
the village or city, or even wom en In other parts of the country, and they m ay be of
the sam e or a different age. T fact, there m ay even be gpill-over effects from the
behavior and characteristics of adolescents and children. Tn this study, it is the
education of other wom en of reproductive age In the DHS cluster (ie. the village
level; see below ) thathasbeen in focus.

To be mor specific, uneducated women may have mor knowledge of
contraception and m ore m odem view s about its acceptability if they live n a society
w here m any w om en have attended school for som e years than if they live elsew here.
They may aleo sinply tend to in iate the mor w degpread use of contraception
am ong the bettereducated . M oreover;, their preference structure and their practice of
breastfeedng and postparum abstnence m ay be influenced by aggregate education.

O ther pecple’s education m ay be of in portance also t© those who them s=lves
have m ore education, although for slightly different reasons. A diffusion of factual
know ledge of contraception is, for exam ple, less wlevant, but there may be a m ore
efficient nterpretation of the deas and atbtudes the bettereducated have been
exposed to at school or through reading if there are morr women t© chare these

experiencesw ih.



An argum entadvanced by Caldw ell (1980) w as that introduction of com pulsory
education, w hich w i1l lead to high enroln ent rates 1n the country (‘m ass education’),
is Ikely o mduce fertdlity by hcreasing parents’ costs of childbearing and
underm ining the possibilities to m ake use of children’sw ork potential. O ne m ghtadd
that seeing m any children enrolled perhaps w illm ake everyone m ore conscious about
the need to educate their offsoring, regardless of legislation (see elaboration by A xin
and Barber 2001). The latter argum ent would, of course, be rwlevant alo for
aggregate education at a lower geographical level than the ocountry. Another
particularty in porant point rmised by Caldw ellw as that a generally high educational
level am ong adults and children alke (in the neighborhood or in a larger r=gion)
m ight strengthen W estermn m ddle class values, w ith m ore em phasis on individual
rights than on the duty t© a lJarger fam ily netw ork . H e thought that an Increase 1 the
proportion w ih a few years of schooling breadth of education), would be the m ost
crucial change, w hereas the average length of education w ihin this group depth of
education) w ould be of less in portance.

M oreover, opporunity costs of childoearing may depend on other pecple’s
education. Generally, having a high education w il increase a wom an’s chance of
finding a rlatvely wellpaid b Where che canmnot bring her children w ith her).
H ow ever, under the assum ption of a fixed supply of such Jbs, a high proportion of
w ell-educated wom en 1 the community w ill decrease her chance. To elaborate on
this, even wom en w ith a quite shorteducation m ay be able to get into thisniche in the
lBbor m atket when few have an education, whereas their situation would be little
different from thatof the uneducated w hen the average education is higher.

I addition t© is Influence thmwugh such a competition effect, aggregate
education is Iinked to the supply side. W hen m ore wom en are educated, the attitude
tow ards wom en’s work In the m odem sector is Ikely t© change, and m ore Jobs that
are attractive t© and suitable for these wom en m ay be created. Because of the nertia
of these processes, the availability and acceptability of jobs presum ably depend m ore
on aggregate education some years before than on the cument situation. Better-
educated wom en w ho are foremunners, In the sense that few had such high education
T the in m ediate past, m ay find itparticularly difficultto m ake use of theirschooling.

Th otherw oxds, if the tem poral din ension is disregarded for sim plicity, itcan be
concluded that a high average education m ay reduce the opportunity costs because of
a com petition effect and add t© them because of ncreased supply and acoeptance of
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wellpaid jbs. To com plicate this further, opportunity costs may be substtuted by
direct costs by purchasing child care, which is lkely to be partcularly cheap when
only a few wom en work aw ay from hom e.

Of oourse, if a geneml rise In women'’s education wih or without an
accom panydng rise form en) contrbutes to underm ne old ideas aboutw om en’s rights
and obligations com pared to m en, it is not only the opportunity costs of childbearing
that will be enhanced. An inprovement of women’s satus as a contextual
phenom enon, and the concom iant changes in women’s Individual positon, may
Influence fertdlity form any other reasons, a few of which w ere review ed above. This
m ay fluence also the fertility of w om en w ho them selves have little education .

Besides, broader econom ic transform ations are lkely to take place as a resultof
a bettereducated w ork force, n the long mun . h addition to the increase 1n the num ber
of wellyppaid pbs In the modem sector, as rferred to above, it is possible, for
exam ple, that the agriculture w ill be generally m odemized, including that am ong
uneducated fam ers. This w ill reduce children’s relative In portance in the fields, and
thus the ncentive for childbearing. M oreover, higher productivity In agriculture,
combined wih a general know ledge level that may faciliate the es@blishing of
m anufacturing ndustries that benefit particularly stongly from econom ies of scale,
m ay lead to an ncreased concentration of people Tn utban areas. I otherw oxds, itcan
be argued that Investm ents In education In an area m ay contrbute © stim ulate the
urbanization of that area, although slow ly. A 1o the generally higher w ealth that is
Iikely to be a partof these transform ationsm ay have an effecton fertility.

M acro-m icro nteractons

There m ay w ell be Interactions betw een the Individual and aggregate level. Som e of
the effects of aggregate education that are suggested above are m ost Ikely t© be felt
among wom en who them selves have little education, w hereas others m ay be just as
stong, oreven stonger, am ong those w ho have som e education.
A s yet, there is no clear em pirical evidence about such interactions. Jejpebhoy
(1995) concluded that, in countries w here w om en’s literacy is high, prim ary education
ism ore likely to push fertility down, and the negative effect of secondary education is
particularty sharp.This is, of course, the sam e as clain Ing that the literacy rate has the
clearest negative effect am ong the bettereducated. Her conclision was based on a
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rview of a number of studies w ith different, and more or lss rlevant, contol
variables ncluded, and did thersfore not have a very solid basis. She found, for
exam ple, that fertility desires regponded m ost sharply to secondary education In the
countries wih a genemlly low educational level, and that education was least
powerfill In weakening the breastfeeding nom , which would contrbute © a
partcularty stong negative effect on fertliy, in these settings. In the recent
Z 1n babw ean study, effects of aggregate education on birth rates w ere generally w eak,
regardless of Individual education K 1@avdal2000).The few other orignalm ulblevel
studies addressing such Interactions have not keft a clear picture Lesthaeghe et al.
1985; Tinda etall98s).

Data and methods

Data

DHS data for the follow Ing countries and years arr Included: Benin 1996, Burkina
Faso 1999, Camemon 1998, Central A frican Republic 1994, Chad 1996, Cote
d’'Ivoire 1994, Com oros 1996, Ghana 1999, Kenya 1998, M adagascar 1997, M alaw 1
1992, M ali 1996, M ozam bique 1997, Nam bia 1992, N iger 1998, Rwanda 1992,
Senegal 1997, Tanzania 1996, Togo 1998, Uganda 1995, Zambia 1996, and
Zinbabw e 1994 .0 nly the data forw om en are used.

These data nclude nform ation on the wom an’s educational level at the tim e
of nterview , whetherher cunrent place of residence has a mural orutban character, her
birth history, and varous indicators of, forexam ple, hersatus, w ealth and =ligion.

The surveys have a clustered sample. Th each of the 22 countres, 100-521
‘enum eration areas’ or ‘census tracks’ (or whatever they are called) have been
selected. They coverone or a few villages or settlem ents, a am all town, orpartof a
lagertown or city. On average, 25 wom en fiom such an area have been ncluded n
the sample, and consttute a cluster. I to@El, there are 5986 clusters In the 22
countries. A ggregate education is calculated at the cluster level by sum m arizing over
ndividual cbservations w ithin this cluster. Som e other cluster-level indicators are also
constucted.
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H azard regression m odels

D iscrete-tim e hazard regression models for the two years before the survey are
estim ated.. This lin it is not crtical. For exam ple, a foursyear cbservation period gave
alm ostexactly the sam e estim ates.

Each woman contrbutes a series of three-m onth cbservation intervals. Tests
show ed this t© be a sufficiently short nterval. Tn the firstbirth m odels, follow -up
Starts atage 14 ortw o years before the survey, w hichever cam e latest. A fter firstbirth,
m ult-episode m odels for the transition nto a higher parity level are estim ated, w ith
cbservations mnning from the tim e of firstbirth or from tw o years before the survey.

Buch a ‘piecameal’ approach has been crticized by eg. Heckman and W aker
(1990), but a more advanced sim ultaneous m odeling that ncludes uncbservables
conelated overparity transitions is left to future studies).

Generally, one chould be careful t© nclide mndicators of atttudes and
characteristics at nterview In such m odels. This isbecause they m ay be different from
those earlier In the tw o-year period, and, even m ore crtically, they m ay partly be a
regponse to births. Fortunately, educational level isnota very problem atic variable. Th
prnciple, the rhtvely low ferdlity that is found during the two preceding years
am ong, for example, women who reported at nterview that they had taken some
secondary education, does not only reflect a causal effect of such factors as the kills
cbtained at secondary school. Tem ay also r=flect that pregnancy or childbirth am ong
those w ith less education have inhibited their entry Into or continuation of secondary
school. However, only estmates from firsthith models suffer from such a
sim ultaneity bias, and only at certain ages and for certain educational levels. For
exam ple, the estim ated effects of a short secondary education w ill be biased only for
early teenage years, w hen attending the firstpart of secondary school is still an option.
Prim ary education takes place too early t© be Influenced by childbearing, and higher-
order birth m odels are not ham pered by such problem s, because, at this stage, few
wom en w ould take furthereducation anyw ay . Ikw as experin ented w ith m odels w here
both enrolim ent and educational level (lagged one year) were nclided as time-
varying variables, on the basis of an assum ption that school attendance is continuous
from age 6, wih no mpetition. This gave slightly weaker effects of secondary
education, but otherw ise the sam e estim ates.
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An accountof the w eighting procedure and a discussion of the need to nclude

a comm unityy-level random tem can be found n A ppendix 1.

D efiniton of education

Five categories are defined for women’s individual education, according to the
num ber of years completed: i) no education or an ncomplete primary education
lasting less than 3 years, i) ncomplete prim ary education of longer length 3-6
years), iii) com plete prim ary education or incom plete secondary education of less than
2 years (ie.7-8 years h toal), iv) 2-3 years of secondary education (ie.9-10 years in
total), and v) secondary education of 4 orm ore years (1e.11+ years n total)

The m ain m easure of aggregate education is the average num ber of years at
school am ong w om en of reproductive age In the cluster. W hen the woman In focus
w as excluded, the estim ates w ere notperceptibly different) .

Th addition, som e m odels are estim ated forwom en In clisters where at least
one woman had three or more years of education @oout 90 percent of the total
sam ple) . These m odels Include both the proportion of w om en w ith at least thiee years
of education and the average level w ithin this group. Separation of effects is not
difficult, given the size of the data and a conelation of only about 0 6).

These aggregate m easures of education are cbviously linked w ith the average
age of the wom en In the cluster, but inclusion of such an age variable tumed outto be
com pletely unin portant for the estim ates.

The inpactof leaving aggregate education cutofthe m odel

W hen m odels for mdividual fertility are estim ated (from surveys, rEgisters or census
data) w ith the intention of assessing the im pact of education, aggregate education is
hardly ever considered. This can be a serious m isgpecification. W hen only individual
education is nclided in the m odel, partof the aggregate effect is captured, butnotthe
entire. An en pirical exam ple of this will be given below . It is also easy to show
m athem atically fora sin ple lnear regression m odel (see Appendix 2), butnot fora
hazard regression m odel.
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Also the consequences of ncluding aggregate education exclusively are
addressed In A ppendix 2 and below .

C ontrols for determ hants of education

A num ber of factors are lkely to nfluence both education and fertility, and should
therefore be ncluded as control variables. The urban ural character of the place of
residence is one such variable. The mor advanced economy In cites requires an
educated work fore and allows Ivesm ents, and educational retums t© these
Tvesm ents m ay be high because of the higher population density. M ore precisely,
having grown up In an utban area may have nflienced the woman’s educational
kevel, as well as that of other women who lived there. Besides, the degree of
utbanization in the comm uniy where che lived at Interview musthave had a bearing
on the general educational level there, which may also be of inporance for her
behavior. The Zinbabwean study referned above clearly showed that it was very
In portant to control for urbanization, and that the results w ere sensitive t©o the choice
of utban-mural variable K 1avdal2000). In this study, it is the urban /ural character of
place w here the w om an lived at Interview that isused. This is the variable thathad the
m ostpronounced In pact In the Z in babw ean study.

One cannot com pletely mile out the possbility of a reverse =lationship. As
pointed outabove, the aggregate level of schooling m ay filel ubanization 1 the Iong
mn. Sinilarly, a woman’s own education may make migration t© a city mor
attractive to her (gee further discussion below ) . If these effects are of any quantiative
Inportance, it means that the ol effects of nvesm ents In education are more
stongly negative than indicated by the estim ates shown here (given the signs of the
utbanization and education effects, and the positive education-urbanization
conelation) .

Religion is probably quite s@ble over a person’s life and mor lkely to
Influence than be influenced by education, although the latter is not completely
Inplausble. H ow ever, m odel experin entation show ed that its mclusion w as w ithout
In portance foreducation effectestin ates.

The causal position of othervariables available In the data ism ore diffiise. The

woman’s own wealh and autonom y, as reported at Intexwview , may be among the
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consequences of her education, and also be lnked w ith factors that have determ ned
her education, such as eg. the econom ic resources of her fam ily of orign and their
attitudes t© wom en. Besides, they m ay have been influenced by fertlity during the
tw o previous years. These variables have thersfore notbeen included at the mdividual
level.

hclusion of corresponding aggregate-level variables is less problem atic. The
causal positon visa-vis agogregate education is, of course, just as ambigucus.
H ow ever, these factors are at Jeast not the result of the wom an’s own education, and,
more In porantly, they are not the result of her fertdlity disregarding m igration, as
briefly discussed below ).

Two of the aggregate-level variables incluided in the models are mugh
Indicators of w om en’s statuus In the com m unity: Proportion of w om en w ho r=portboy
preferences (deal number of sons larger than ideal number of daughters), and
proporton of w orking w om en w ho do notparticipate in decisions abouthow to gpend
the money they eam. The following arr hdicators of wealth and econom ic
m odemization : The proportion who have electricity, the average score on a w ealth
Indicator (02 depending on possession of som e consum er item s), and the proportion
of hugbands who w ork In the agricultural sector. T addition, there are three religiosity
dicators: proporton who are M uslin , proportion w ith a traditbonal religion, and
proportion w ho are neither Christian, M uslin nor traditionalists.

Begides, country is Included t© capture various characteristics at the national
level thatm ay have a bearing on both fertility and education.

M Igration asa complicating factor

The aggregate variables considerad in this study refer to the place where the wom an
lived at interview . This is partcularly problem atic if (ack of) m igration is partly
determ Ined by an expected oractualbirth. For exam ple, som e pecplem ay r=m ain I a
miral orpoorly developed area if they have a child, perthaps to be In close contactw ith
kin. I principle, this could be handled by a sin ultanecus m odeling of fertility and
m gration, but the data do not contan sufficient infomm ation forthis.

M oreover, the effects of aggregate education, net of ndividual education, are
notonly confounded by unobserved aggregate characteristics, but also by uncbserved
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Individual chamacteristics, because of selective m gration. For example, poorly
educated wom en w ho have m oved t© a place where the general educational level is
high m ay be different fiom the poorly educated who have rem ained 1 a place w here
few are educated.

Sinulations

M onte Carlo simulations are perfomed to see how changes In the educational
distrbution affect total fertility . B irth histories are generated for 50000 women In a
given educational category . This w as experim entally proved to be a sufficiently large
sim ulation sam ple. Starting atage 14, a 3-m onth birth log odd, easily ttansfom ed nto
a probability, is predicted for each woman every third month on the basis of
characteristics at the beginng of the three-m onth nterval and m odel estim ates. A
birth is ascribed to the wom an w ithin the nterval if a random num berw ith a unifom
distrbution over [0,1] is Jess than the calculated probability . The average num ber of
births before age 45 in this sam ple is the sim ulated education-specific total fertdlity
(for sim plicity, also shorter term s for this are used below ). W hen this is done for all
five educational categories, an average sin ulated total fertility can be calculated. Gee
below for furtherdetails)

Results

M ain effects of individual and aggregate education

A coording t© a model that Includes only age, ndividual education and country, a
wom an’s education stongly r=duces her firstbirth rate M odel 1, PanelA , Table 1).
This effect is considerably w eakerw hen urbanization is included ™M odel?2).

Tcreases n the average educational level are found to push fertility down, net
of ndividual education and urbanization: An additional year r=duces firsthirth log
oddsby 0.064 M odel4).Besides, the Inclusion of this variable r=duces the effect of
Individual education. Stated differently, the effect of individual education in a sinpler
m odel captures part of the aggregate effect (out, as show below , not the entire).
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W ithout contiol for utbanization, the aggregate effect is, of course, saonger M odel
3).

(Table 1 abouthere)

Sin ilar pattems, but generally w eaker education effects, are seen for higher-
orderbirths PanelB ). The exception is thata few years of education does not reduce
fertility w hen aggregate education is ncluded.

These effects of community education are markedly different from those
estim ated for Zin babw e, w here Inclusion of the sam e urbanization variabl as here
com pletely elin hated the aggregate effects K ravdal, 2000). One reason for this is
that the Z im balow ean study w as based on aggregate census data for 70 districts rather
than DH S-Jased aggregate m easures for 230 clusters. Effects at that level may be
w eaker, for exam ple because of longer average disance to the nfluential ‘others’.
This dea is supported empircally. W hen a sspamate analysis was done w ih the
Zin babw ean data and itw as aggregated up to the district Jevel (identified on r=quest
by Central Bureau of Statistics, Hamare), using DH S data exclusively, the effects of
aggregate education reported by Kravdal 2000) were nicely replicated (ot shown).
W hen it was aggregated up t© the cluster level, how ever, average education had an
alm ost significant negative effect on firstbirths, w hereas there w ere no indications of
an effect for higherorer births ot shown). Unforunately, it would be very tim e-
consum Ing t© getan dentification of the equivalent of the Z i babw ean district forall
countries. A s a sin pler check, a m easure of average education 1 provinces (©f which
there are nine In each country on average) w as nstead included In a m odel forall 22
countries pooled. The effects w ere about half the size of those estim ated for cluster-
level education, although clearly significant. This lends firrther support to the idea that
effects are soongerata low er level.

The differences that rem ain when the sam e statistical approach is used are not
easily explained. Country-specific analyses revealed a lack of significant effects for
both firstand higher-order births n only a few other countres than Zin babw e, and
they have apparently little in common. ForZinbabwe (outnotall of the others), one
m ight suspect a rlatively weak effect of an additional year of aggregate education
because the level is already generally high. H ow ever;, such a pattem does not appear
In the data. W hereas the firsthirth Jog odds decline charply w ith increasing aggregate
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education at very low levels, and display an inegular pattem at high levels, the
higherorder birth mates are m ore negatively Imfluenced by average education at high
than at low levels (PanelA ,Tablke2)”

(Table 2 abouthere)

T light of Caldw ell’s hypothesis, it is Interesting t© see significant effects of
both breadth and depth of education, for first - asw ellas higherorderbirths (PanelB,
Table 2).

M acro-n icro interactions

Significant m acro-m icro nteraction effects are found (Panel C, Table 2). For first
births, a higher general level of education has the sharpest depressing effect am ong
wom en who them selves have less than three years of schooling. The pattem at higher
educational levels is not clear, except that the w eakest in pact of average education is
estim ated for those w ith at least four years of secondary education. How ever, the
effect is significanteven at that level fotshown).

The opposie is found for higherorer births: The effect of aggregate
education is sharpest forwom en w ith 2-3 years of secondary education, and w eakest
forthose w ith less than three years of prim ary education.

Tt can be shown by simulation that the interaction effects for higherorer
births dom nate. A s a conclusion, an additional year of aggregate education reduces
toal fertlity regardless of the wom an’s own education, but less m atkedly so for the
poorly educated. Conversely, her own education generlly exerts a monotonic
negative effect, except at the low est level of aggregate education . For exam ple, w hen
the average is less than one year;, the higherorderbirth rate is higher forw om en w ith
3-6 years of education than for the less educated, and this is not fully offset by the
ow er firstbirth te.

Ihclusion of other aggregate variables
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W hen aggregate dicators of w ealth, econom ic m odemization, r=ligion and wom en'’s
satus are included, the effect of average education on firstbirth rates is reduced t©
less than half its size In the sim plerm odels (Tabl 1,M odel 6). The effect on higher-
orderbirth rates is reduced by 16 . A sponted outabove, these variablesm ay, to som e
extent, be considered causally prior to education. The nterpretation is then that the
existence of m any educated wom en in the neighborhood is the result of comm unity
characteristics that w ould have r=duced ferdlity anyw ay, and that the true in pact of
Tnvestm ents In education (through the aggregate-level effect) is w eaker than indicated
n the sin pler m odel. If additional indicators of these factors, or indicators of other
potential sources of spuriousness, had been availbble, even weaker effects of
aggregate education m ght have been estinated. On the other hand, the opposie
causality is also possible, In w hich case part of the total effect of aggregate education
w illbe tapped outby ncluding such variables.

Im plications for total fertlity

The impact on toal ferdlity of an educational expansion, according to different
m odels, is assessed by com paring sin ulated total fertility n one sub-population w ith
that m another where the educational distrbution is different. For each sub-
population, smulbted torl fertdlity is the weighted average of the sinulated
education-gpecific total fertility forthe five educational categories, w ith w elghts equal
to the proportions of w om en 1 these five categories.

The sin ulations are based on predicted birth log odds. Such predictions (for
any level of the other variables) can be made, for exam pl, for utban areas In a
particular country by setting the corresponding country dumm y and the urbanization
dummy to 1. However, fertliy measures that can be considered 1easonably
representative of the entire region are prefered, o the country dumm ies are setto the
proportions living in the respective countries @ccording to population satistics), and
the urbanization dumm y is set to the proporton living in utban areas @ccording to a
summ ation over the DH S surveys). This is not a critical choice. If other values had
been chosen, all log odds would sin ply have been higher or Iow er by an additive
constant. The pattems of educational differences, which are of interest here, would
have been the sam e.
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As a first illustration of the differences betw een models w ith and w ithout
aggregate education, fertdlity is simulated as described above for three populations
w hich have the educational distribution observed for i) these 22 countries on average,
i) Kenya, or iil) Chad. These two countries have the highest and low est average
educational level am ong the 22 countres 6 9 and 0 8 years, regpectively, w hereas the
22-country average is 3 8).

W hen aggregate education is left out of the models M odel 2, Table 1), the
sim ulated education-specific toal fertdlity is 6 .04, 5.79, 523, 4 22 and 3 36, for the
five categories, w hich gives an average of 555 when the 22-country distdbution is
used ® U sing Tnstead the educational distroution forK enya reduces fertility t 5 .03 .

W hen aggregate education is lncluded ™ odel 4, Table 1), alnost the same
fertdlity (653) is, of course, simulated as a 22-country average. H ow ever, the levels
sim ulated for the different educational groups G 85,583,537, 4 50 and 3 69) differ
less. If a new average is calculated fiom these education-gpecific levels w ith the
Kenyan educational distribution as w eights, total fertility becom es only 038 ower.
How ever, when it is teken into account that the average length of education is higher
In Kenya, fertdility in all educational categories is reduced (o 521,518, 4 .75, 3 .90,
and 3 15), and average fertlity thuslbecom es 1 .00 low er.

To summ arize, an expansion of overall education In the 22 countries up to the
curnent level n Kenya would r=duce average total fertdlity in the rgion by 052
according t© a m odel w here only individual education is included @long w ith some
cbvious control variables) . A coording t© a m odel w here also the com m unity average
is nchuded, the drop In toEl fertdlity would be 1.00, of which 038 is a purly
Individual effect.

This also {llustates that a relatively am all part of the aggregate effect is picked
up by the Individual-level variable in the sin plestm odel.

Sin ilarty, In a hypothetical situation w here education in the 22 countres is
reduced to the level in Chad, fertility w ould Increase by 0 42 according to the sin plest
m odel, and 0 91 w hen aggregate education is included, of which 0 28 is the individual
contrbution .

A model including only the aggregate education, and not the individual,
captures the entirer mmpact of education, but of course without providing any
Infom ation about the ndividual and aggregate contrbutions ™M odel 5, Tablk 1).
A coording to sim ulations based on such a model, expansion to the level n Kenya
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would reduce fertility by 1.05, and contraction to the level in Chad would increase it
by 093.

A more consewvative assesan ent can be cbtained by using estim ates fiom a
m odel w here also various other stuctural variables are lncluded M odel 6, Table 1).
The result of this sin ulation is that expansion of education up t© the Kenyan level
would lead t© a drop of 0.75 In total fertdlity, whereas a contraction to the level n
Chad would give an Increase 0f 0 69.

As a s=oond illustration of the differences between the m odels, fertlity is
simulated for nine different educational distrbutions that conespond t© average
education of approximately 0,1,2,3,4,5,6,7,and 8 years (see detailed account in
notes to Figure 1) . The sim ulations are done as described above, exoept that aggregate
education when included) is entered as a 10-category variable along w ith a m acro-
m icro nteraction (gpecified as n Tablk 2). The reason for this com plexity is that the
mamn effects of aggregate education were chown above t© deviate som ew hat fiom
Inearity, and that m acro-m icro Interactions were found to be significant @lthough
w ith pattems for firstand higher-orderbirths that to som e extentare opposites) .

Figure 1 abouthere)

Toml ferdliy smulated fiom a purly ndividual model declines
m onotonically from 6.02 to 4 93 acrwoss the nine settings, w ith a change that ism ost
pronounced at the highest educational levels (see Figure 1) . For exam plk, an increase
from 1 to 4 years of average education has a sm aller in pact (0 38) than an hcrease
from 407 (062).

A Im ost the sam e pattem is seen when aggregate education and the m acro-
m icro Interaction are ncluded, except that differences are generally m ore pronounced.
There is no difference between 0 and 1 year of average education, but an hcrease
from 1 t© 4 years reduces fertility by 0.77, and an increase from 4 t© 7 rduces itby
1 26. (If the Interaction had been t@ken cutand the aggregate effect specified as Inear,
total fertility w ould have declined also atvery low levels of education, but the pattem
would otherw ise differvery little) .

I ol ferdlity is plotted by the proporton wih at least three years of
schooling, ratherthan the average length of education @s in Figure 1), the Increasing
steepness of the education-fertdlity curve appears som ew hat clearer. There is no
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marked tuming-point, tough. This sheds some doubt on the idea suggested by
Caldw ell, and recently acclain ed by Lloyd, K aufm an and Hew ett 2000) on the basis
of A frican country-level data, that there is aln ost a threshold, ata very high levelof
prim ary schooling, for the onset of fertlity decline. Adm itedly, a cross-sectional
study such as this is not the perfect backgrmound for discussing possible triggers of
fertdlity transition. H ow ever, when fertility is m artkedly low er n populations w here,
say, 60% have more than three years of education, than in populations where the
cornesponding proporton is 10% , it isnotunlikely that the form erhave experienced a
decline, w hich m ay have started at levels already below 60%

Summary and conclusions

Univariate @bulations of total fertlity mate by the individual wom an’s educational
kvel, such as those wutinely produced in DHS country repors, give a poor
Inpression of the I pact that nvestm ents In education would have on fertility. One
reason is that the utban background of the bettereducated is not taken nto account. It
is chown I this study that effects of a wom an’s education on her first- and higher-
order birth rates are considerably reduced when utbanization is included (n addition
to education, age, parity, duration since lastbirth, and countyy) .

On the otherhand, there is good new s for those who hope t© see dem ographic
effects of education: In this analysis of 22 countries n Sub-Sahatran A frica, the
average educational level n the comm unity OHS cluster) has a significant depressing
effect on a wom an’s birth rates, above and beyond that of her own education. Such
theoretically plausible spill-over effects from other people’s education, which have
notbeen seen In previous studies, m ore than com pensate for the attenuation of effects
that results from a control forurbanization .

Community education exerts an effect for the uneducated and the better-
educated alke, although slightly sharpereffects are seen forthe Jatter. It is also found
that both the proportion w ih at least three years of education and the average level
w ithin this group are of in portance. The effects of ndividual and aggregate education
m ay, of course, differ across this vast region, because of political, cultural, econom ic
or othervarations. H ow ever;, a check of such interactions is beyond the scope of this
analysis.
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A sinmulation based on a m odel w here aggregate education is included r=veals
that average fertility forthe 22 countries w ould have been 1 .00 low er if education had
been expanded fiom the level cunently observed In the region t© that in Kenya.Only
038 of this is an individual effect. If only ndividual education is included In the
model, some of the aggregate effect is captured, but only a quire amall part.
Sin ulations show a drop In fertility of nom ore than 0 52.

hclusion of aggregate education exclusively would have given the same
estim ates of the toal Inpact of expansion. This does not mean, of course, that it
would be wie to aggregate up availkble ndividual data wih the intention of
perform ng a purely ecological analysis. It m erely illistates that a researcher w ith
access only t© aggregate datg, for example from censuses, m ght be quie well
equipped o trace such toal effects, had it not been for the usually poorer fertility
m easures n such data, and often m ore 1im ited num berof potential control variables.

A coording to the most com plex m odel, which nclides both individual and
aggregate education quite finely categorized, as well as an Iteraction (©f m odest
Inporance) between them , fertdlity w ill decline m onotonically as m ore pecple are
offered an education. The decline is steeper at high than at low levels, but no
threshold can be discerned.

An In portantquestion is w hether stmictural factors other than urbanization can
be regponsible for the aggregate effects. A s an attem pt to check this, som e Indicators
of econom ic m odemization, rligion and wom en’s general satus n the com m unity
w ere Included in the m odels. This reduced the aggregate effects appreciably, down t©
about the size of the ndividual effects. Because som e of these Indicators @nd m fact
also urbanization) © som e extentm ay be consequences rather than determ mnants of
education, one may argue that this is a conservative estin ate of the total effect of
education.On the otherhand, there m ay be variations 11 m odemization and wom en’s
status that are not captured by the included variables. B esides, factors not considered
atall (for Jack of data) m ay be a source of spuriousness. Such factors could be the
political attitudes in the area, the com petence of the local govermnm ent e g. n buiding
schools and providing good outlets for contraception), or even certain individual
characteristics (see discussion of selective m gmation above). In that case, the
aggregate effectsm ay justasw ellbe an aller than suggested above.

A lso mdividual-level effects of education m ay, of course, be biased because of
uncbserved factors @t aggregate or individual level) . Therefore, even though the true



24

effects of aggregate education m ay be w eaker than indicated here, their In portance
rlative to the Individual effects is not necessarily less. The fact that the controls n
this study are not perfect should not be tgken t© undemm ne the conclusion that
com m unity education deserves attention In future assesam ents of the im portance of
schooling for fertility decline.
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Appendix 1

W elghting

The clusters In the DH S data are assum ed t© be representative of the population ata
higherlevel e g.province ora com bination of province and muralirtban) , but the
distrbution over these higher-level units isnotas in the actualpopulation.W eights
are therefore defined In the data.

To cbtain estim ates that are representative of the situation 1 the 22 countries
on the w hole, the province-specific w eights refened t© above are n this study
m ultplied by country-specific w eights that reflect the relative size of the country
populations com pared t© the relative size of the country sam ples. H ow ever, a purely
province-gpecific w eighting gave aln ost the sam e results.

M uldlevelm odels

Thdividuals n the sam e cluster may share som e unobserved characteristics, which
means that sendard assumptions In mEgression analysis about independent
cbservations are not reasonable. So-called m uldlevel m odels have been developed t©
handle these problem s, and have been applied in m any dem ographic research projcts
the last few years. In this study, random tem s at the cluster-level w ere added to the
constant term In a firsthirth model © check the mbusmess of the m ost I portant
estin ates. M ore precisely, the probability py of having a first child for ndividual i n
clusterjisgiven by

og oy / Qo) = Pi1xij+ P2y; + 15,

where B is the effectof a vectorof lndividual characteristics X;j, and B is the effectof
cluster characteristics y; . The unobserved factors are represented by the random tem
u;, w hich is assum ed to be nom ally distrbuted w ith m ean 0. The estin ation w as done
nMLwiN Goldstinetall998).
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As chown In Appendix Table 1, estim ates differed very little between the
M Lw N model and the cormesponding ordinary logistic m odel. The latter is therefore

preferned, for practical reasons. Unforumately, a higher-order birth m odel could not
beestmated MM Lw IN due to size constraints.

(A ppendix t@ble A 1 abouthers)
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Appendix 2

It is show nn here that, w hen the num berofbirths is given by a very sin ple linear
m odel, the exclusion of the aggregate variable w ill produce an ndividual effect
estim ate that is the sum  of the tue Individual and partof the tuie aggregate effect.

A ssum e that the num berofbirths Fyj to awom an i a district j e g.village or

province) isgiven by

@) Fij=ao+a1Uij+a2Pj*+eij,

where U ;; isa 0/1 varible foreducation eg. less than three years of schooling vs.
three orm ore years) and Pj* isthe proporton of womenw ith U = 1 In distrdict j.e i is
an Independentnom ally distrbuted enortem . A ccording to thism odel, an Increase
n the proportion w th U 3= 1 n a district from p; t© p, w ill ncrease fertility by

a P+t -p)= @+ &) -p1).

A ssum e thata sam ple of size N 4 is taken from each district j, and that the
ollow ng m odel is estin ated from thissample N isthe sum ofallN ) :

R) Fy=by+b1 Uy +ey.
The leastsquares estim atorb,” forb, is
B) b" = ByFyZyUy -N Xy FU)/( B5Us) U5 -NZy5 UyUy)
Assumenow that, asusual, the expectation valuesE Xj5e;5= 0,E X5eUy5=0
and E XjeiP;s= 0,and thatPy= X;Uy /N5 forthe ssmple isequalto the P;* forthe

district. U sing equation (1) forF,w ith Pj*=Pj, In the expression @) yields

Eb” =g +aC,
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w here

c= CByPiZyUy-N XPUy) / EyUyZyUy-N 20Uy = EP-PR )/ QR),
whichmeansthat0 < c< 1,unlessallP;are equal. @ and PP are them ean values,
defined by P_X;P;N; /N and PP = ;P;P;N; /N .)

T these calculations, the follow ing relationships have been used:

ZijUij = ZijUijUij=Ziij =ZijPj

240 5Py = Xy Py Py = 23N P;P;
To conclude, the predicted response to an mcrease In the proporton w th U i = 1 fiom
P o P2 , according to this purely individualm odel, is & + & ¢) (o —p1 ), which is
Jess than the ttue response.
If, nstead, the ndividual variable U is leftout, the m odel to estin ate becom es:

(4) Fij=bo+b2Pj +€y.

C alculations corresponding to those show n above, and w ith the sam e assum ptions,
give the resultthat

Eb" =a + &.

Thus, by estin ating a m odel ncliding aggregate education exclusively, one captures
the entire response t© an ncrease M the proportion w th U = 1.

If the erorterm had been separated nto an ndividual-level and a districtlevel
contribution, the conclusions w ould have been the sam e.

(To the publisher: Ifpossible, the b, ™ and b,™ should be printed w ith the * above b,
and P and PP should be printed w ith the _ above P and PP).
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Notes

! Theoretically, this incom e effect is wlevant also I setbngs where children are net
econom ic contributors I the long nin, because costs ata young age m ustbe covered
(h the absence of wellfimctoning capial markets or fosering amangem ents).
How ever, a positive effect often fails to appear In em pirical studies of any society.
W hile a higher ncome may stmulate the demand for children, given qualiy
requirem ents, the latterm ay also be sensitive to Tncom e.

? There may also be an effect of enrolim ent itself, because it signals educational
goals. For exam ple, wom en In secondary schoolm ay prefer not to have a child yet,
because a birth would make it more difficult to complkte the education, wih
In plications not least for life-tim e Incom e.

® How ever, education w ill not necessarily contribute t inprove wom en’s satus. For
exam ple, ithasbeen shown 1n som e A sian countries that the uneducated actually m ay
have m ore fieedom ofm ovem ent than the bettereducated ©g.Balk 1994).

4 The three-year Iim it is chosen because am ajority of the students are lierate by
then.

> There is a strking resem blance w ith the pattem 1 the ndividual effects. Pethaps a
wom an’s higherorderbirth rate is particularly high notonly if che herselfhasa few
years of prim ary education, butalso if she lives in areas w here m any others have such
a levelof schooling, w hich isparticularly likely to be the case if the average isquite
ow .

® This figure s, of course, notexactly equal to the average overthe period total
fertility rates reported n DH S country publications. The latterare based on a

sum m ation over age-gpoecific birth rates, w hereas the figure calculated here is fiom a
m ore com plex m odel.
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" Lloyd et al. focused on teenage education, and found in a univariate analysis that
Increages n the proportion w ith four or m ore years of schooling had a much m ore
Thibiting effect on fertdlity when a level of about 75 percent w as already reached,
than at ower levels @lthough the latter effect was not negligble). In the present
study, such a m arked tuming point fails © appear aleo when the nine settings are
defined according to the proportion teenagers w ith m ore than four years of education,
w ith category lim its n steps of 0 1. M oreover, w hen teenage aggregate education is
ncluded In the models nstead of the education am ong wom en In all reproductive
ages, effects are generally w eaker and not particularty sharp at high levels. Thus, it
does not seem  that the use of adult mther than teenage education has masked a
threshold effect.
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Figure 1.Sin ulated tot‘alfeﬁ:i]jtyz, according to two differentm odels

M odelw ih hd¥idualand aggregate
educatbn®

1 2 3 4 5
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Notesto Figure 1

" The value 0 conesponds to an average education i the range [0,1),1 conesponds o [1,2),and so forth. The educational
distrbution am ong allwom en n DH S clusters w here the average education is [0,1), the educational distrbution am ong all
wom en in DH S clusters w here the average education isthe [1 2), and conespondingly forhigheraverages, up to [8,9), are as
follow s:

Average length 0 1 2 3 4 5 6 7 8

tyeas)

Proportion of

wom en w ith

education
02 years 0943 0.748 0586 0 442 0319 0217 0142 0084 0053
3-6 years 0051 0205 0297 0352 0368 0335 0276 0224 0167
78 years 0004 0031 0079 0140 0207 0291 0330 0332 0271
9-10 years 0002 0014 0027 0.047 0072 0099 0152 0200 0246
11- years 0.000 0003 0011 0020 0035 0058 0099 0160 0262

* Average num berof births during reproductive ages is sim ulated for50000 wom en 1 each of the 5 educational categories. T
the predictions of birth Iog odds, average education isnotsett© 0,1,... 8,but05,15... ,85.To cbtan figures representative for
the 22 countries, the country dum m des are set to the proportions living In the respective countries, and the urbanization dummy is
setto the proportion living in utban areas. See text for fiirther comm ents on this.) ‘Sin ulated total fertility”’ is the w eighted
average of these 5 education-specific averages, w ith the educational distributions shown in note 1 asw eights.

* Them odel ncludes age, duration since lastpreviousbitth (ot for firstbirth), parity ot for firstbirth), utbanization , country,
and Individualeducation, w ith the sam e categories as described In Table 1.

* The m odel Includes the sam e variables as described 11 note 3, plus aggregate education and an iteraction betw een ndividual
and aggregate education as described In Tabk 2.



Tablk 1.Estnates (og odds) fiom discrete-tin e hazard m odels for first- and higherorderbithsbased on DH S data for22
countres n Sub-Saharan A frica forthe 1990s.

PANEL A : Firstbirths'
Modell Model2 Modeld Modeld Models M odelé

WOMAN'SEDUCATION

02 years 0 0 0 0 0

36 years Q22%kk  Q1Exk%  QL0*Kk* -0 Q9kk* -0 09***

78 years 038***k  QD0%*k 0 18%kk 0 I8k*x 0 17***

9-10 years -Q.78%k% 0 GEXK% L SLhkx 0 50kk* -0 4% k%

11- years Sl14xkk 0 9EkRk - BLAKkX 0 JOkk* -0 JT*R*
URBAN VS.RURAL -0 32%k* -018¥**x -Q21%k*x 001

AVERAGE LENGTH OF EDUCATION

(years) -0.085%** 0. 064*** -0 107*** -0.024***
PROPORTION W ITH BOY PREFERENCES -0.04
PROPORTON OFW ORKING WOM EN NOTDECID ING OVER MONEY THEY EARN 004
AVERAGE SCOREON W EALTH INDICATOR (0-2) 0 08***
PROPORTION WHO HAVE ELECTRICITY -0 44*%*
PROPORTON OFMARRIED WOMEN W ITH HUSBAND IN AGRITULTURE 0 23%**
PROPORTION M USLM 010%**
PROPORTION OTHER RELIGIDN OR NO RELIGIDN 0 34%**
PROPORTON TRADITONAL RELIGION 001

PANEL B : H igherorerbirths’
Modell Model2 Model3 Model4 Model5 M odelé

WOMAN'SEDUCATDON

02 years 0 0 0 0 0

36 years -0 05*** 001 0.03* 002 002

7-8 years 016%** Q10*** -0 Q5kxk -0 O5kk* -0 O5***

9-10 years S0 33%kk  QD3xKk ITHRX 0 IER** -0 15***

11- years Q50**k  Q37kkk L 31kkk 0 DOkkk -0 28***
URBAN VS.RURAL -0 27kk* Q21k*k  QDO2kkk 0 I4%kk

AVERAGE LENGTH OF EDUCATION

(years) -0 053*** -0 030%** -0 041*** -0 024***
PROPORTION W ITH BOY PREFERENCES 0 13#%**
PROPORTON OFW ORKING WOM EN NOTDECID ING OVER M ONEY THEY EARN 018***
AVERAGE SCOREON W EALTH NDICATOR (0-2) 0 09***
PROPORTION WHO HAVE ELECTRICITY -0 21%**
PROPORTON OFMARRIED WOMEN W ITH HUSBAND IN AGRITULTURE 0.09%**
PROPORTION M USLM -0 13***
PROPORTION OTHER RELIGIDN OR NO RELIGION 003
PROPORTON TRADITONAL RELIGION -0.08*

' Also age (7 categories) and country (22 categories) w ere included 1 the m odels. hdicators form issing Infom ation were
nclided In M odel 6, butw ithoutbeing in portant forotherestim ates. There w ere 12461 firstbirths n 415986 3-m onth htervals.
? A tbitrarily chosen reference category .

® Also age (7 categories), dumtion since lastpreviousbirth (6 categories), parity 6 categories), and country (22 categories) w ere
nclided In the m odels. hdicators form issing nfom ation w ere included In M odel 6, butw ithoutbeing in portant forother
estin ates. There w ere 46398 higherorerbirths in 935277 3-m onth ntervals.

*  gignificantatthe 010 level; ** significantatthe 0 .05 level; *** significantatthe 0 .01 level



Tablk 2.Estn ates (og odds) fiom discrete-tin e hazard m odels for first- and higher-orderbirthsbased on DH S data for22
countries in Sub-Saharan A frica forthe 1990s.

PANEL A : Estin ates fiom modelswhere aggregate education is categorized

Fistbirths' H igherorder
births’
WOMAN'SEDUCATION
02 years 0 0
3-6 years -0 .08*** 000
78 years -0 19%** -0 06 **
9-10 years -0 52k k* -0 17k*
11- years -0 81*** -0 27%**
(ntegerpartof)
AVERAGE LENGTH OFEDUCATION
0 year 026%** -0.00
1 year 0 16*** 0.02
2 years 001 0.04%*
3 years’ 0 0
4 years -0.05 -0 .04**
5 years -0.08** -0 07***
6 years -0.08* 0 11xx*
7 years 0 25%** 0 18x¥*
8 years -0 19%** -0 24%**
9 orm ore years -0 38%** -0 31***

PANEL B : Estin ates fiom m odels Including m easures of both depth and breadth of education (nly forwom en in clusters where
at leastone wom an had 3 orm ore years of education)

Fistbirths H igherorder
birthe’
W OM AN 'SEDUCATDN
02 years 0.00 0.00
36 years -0.09%** 001
78 years -0 16%*x -0 06**x
9-10 years -0 49%*x -0 17%%x
11- years -0 78%** -0 29%**
PROPORTDN OF W OM EN
W ITH 30R M ORE YEARSOF
EDUCATDN -0 27%%x -0 12%*x

AVERAGE LENGTH OF

EDUCATION AMONG W OM EN

W ITH 30R M ORE YEARS

OFEDUCATDN (years) -0 .065*** -0 .025%**



PANEL C :Estn ates fiom m odels Including an interaction betw een individualand aggregate education.

Firstbirths' H gherorer
births’
WOMAN'SEDUCATION
02 years? 0 0
36 years -0 .06* -0.01
78 years -0 15%** -0 .06***
9-10 years 0 48%** -0 12%**
11- years -0 83*** -0 27***
AVERAGE LENGTH OF EDUCATDN
(years) -0.082%%* -0 .013***
INTERACTDON :
WOMAN'SEDUCATIDON * AVERAGE
LENGTH OFEDUCATDN (years) - 4
02 years * @vewge - 4) 0 0
36 years * @vewmge - 4) 0.026** -0 .023%%*
7-8 years * (@verage - 4) 0.021 -0 .034%%*
9-10 years* @verage - 4) 0.027* -0 049%**
11- years* @vewmge - 4) 0.039** -0 .032%%*

' Also age (7 categories), utbanization, and country (22 categories) w ere included in the m odels.

? A tbitrarily chosen reference category'.

* Also age (7 categories), dumation since lastpreviousbirth 6 categories), parity (6 categories), utbanization, and country 22
categories) w ere Incluided In the m odels.

*  significantatthe 010 level; **  significantatthe 0.05 level; *** significantatthe 0.01 level



Appendix Tablk 1.Estn ates (og odds), w ith sendard enors, fiom discrete-tin e hazard m odels for firstbirthsbased on DH S
data for22 countries n Sub-Sahatan A frica forthe 1990s*

2-levelm odel estim ated
M LwiN wihal*oder

M QL algorithm >

Estinate Standard

WOMAN'SEDUCATON

02 years 0

36 years -0.096
7-8 years 0181
9-10 years 0516
11- years -0.795

AVERAGE LENGTH OF EDUCATDN
(years) -0.067

URBAN VS.RURAL 0175

VARIANCE AT THE CLUSTER LEVEL 0036

enor

(0.031)

(0.006)

O dinary
Togisdc

m odelestim ated

nSAS

Estmate Standard

-0.094
0181
-0 504
-0.790

-0.064

-0180

enor

" A Jso age and country were included, asdescribed .n Table 1.

? A tbitrarily chosen reference category

* V ery sim ilar results w ere cbtained w ith 2™ order PQ L algorithm .



