"CENTRO LATINOAMERICANO DE DEMOGRAFIA_

w

¥

Robert 0, Carleton *

47%%
18
THE FEASUREVENT OF FERTILITY CHAHGES
WITH SAHPLE SURVEY DATA
S. L46f15. {Paper presented to the YJorkshop on
January, 1970. Evaluation of Family Planning Progrannes,

65. ‘ Santiago, Chile, 5«9 January, 1970)






The method proposed here for measuring changes in fertility with sample
survey data is & revision of a paper presented at the 1966 annual meeting
of the Population Association of America, Several important'modificatibns
have been made to take into account criticisms presented on that occasion,
especially by Howard Brunsman, Jeanne Clare Ridley and Mindel Sheps, Also
included are innovations suggested by Alberto Bayona and;Juan Chackiel,
second-year students at CELADE, In addition, thanks to the cooperation
of Bayona, it has been possible to illustrate the method with'data for
Mexico City from CELADE!'s urban fertility survey,

The point of deperture for the method is the pioneering propdsal of
Donald J, Bogue contained in a book prepared‘fdr the 1965 International
Conference on Family Pianning Programmés. Bogue suggested using rctro-
spective data on birth and pregnancy historics frdm samplo surveys as a
mecans of coping with the problem of sampling orror involved in qontrolling
the great host of heterogencous factors, such as cducation, socio-cconomic
status, rcligion, cthnicity and urbon-rural residence,that'can affcet the
mecasurcment of fertility‘levcls in two succcssive time=pcriods, The
originality of Bogue‘s proposal lies in its use of‘"cxactly the same sam—-
ple of persons! for measuring the level of fertility in cach timo-period,
Bogus obscrvos that, if different samples arc used for cach timo-period,
the size of samplc noodod to obtain precisc measurc of change would

intolorably largo" l/. _ o

Although Boguo's mothod roprecsents a giant stop forward, it docs
present certqin difficultics, In a comparison of agc-specific,foitility
rates during two suecccssivo five-ycar periods, cvon though tho data aro
bascd on cxactly the same sample of women, the women in any»givon fivoe
yoar age group, lct us say 30 to 34, arc no longer, as Boguc himsclf has
reccognized, oxactly the samec women in cach quinquennium, Women age 30 to
34 in ooch yoar of the first quinquennium will be 35 to 39 in the corrce
sponding yoaf of the subscquent quinqucnnium and, thercforc, bclong to

1/  Donald J, Boguc, Inventory, oxplanation, and cvaluation by intor-

vicw of family planning: motivoseattitudos-knowledge=bohavior,
University of Chicago, 1965, p, 117.




o different age group, We hasten to add that this difficulty should not \
be exaggerated, Women age 32, for example, in the last year of the first
quinquennium will still be in’the 30 to 34 age group during the first two .
years of the second quinquennium, It ean be shown that as a consequence

of this kind of overlap, 40 percent of the women-years of exposurc in a
given age group represent the same women in each quirquennium and only

60 percent are different; Nevertheless, the differeiice remains substantial,
and the problem of sampling error is too great to be overlooked g/.

Before proceeding further, it should be clearl;- stated that the
purpose of the method proposed here is not to measure the effectiveness of .
family planning programmes, Its purpose is to neasura change in fertility
end its use is not restricted to populations where a :fanily planning pro=
gromme is in operation, This is not to say, however, that it has no util-
ity for family planning evaluation, Two logical stagss in the evaluation
of the effectiveness of a prograrme rust be distinguished, First, it is
necessary to determine whether a change in fertility has in fact occurred
and secondly, if a declinc has occurred, what contribution to this decline
can be attributed to the fanily planning programme. Our concern here is
only with the first stage, to measure the extent and direction of whatever
‘change in fertility may have occurred,

2/  Bogue's method and the method proposed here have the singular feature - '.
that their effectiveness is inversely related to the quality of the
sample, In a high-quality, strictly random semple in which the .
probability of each person!s being drawn into’ the sample is completely
independent of every other person's probability, the women in each age
group constitute a completely different sample cf wonen, -
Most fertility surveys, however, cut their interviewing costs by the
use of cluster sanpling in which clusters are sampled independently
and then all (or nost of) the persons in each cluster that is drawn
are included in the sample, In cluster sanpling the wonmen fron
different age groups are drawn fron the same clusters so that the
characteristics of cach age group are no longer independent, If, for
exanple, the clusters drawn in the sample are overly-representative
of low~income, low-educational sectors of the population, all the
different age groups will tend to be over~represented in the sene
sense (although, of course, not to the same extent).
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Purthermore, 4t is not claimed that our method is a final, definitive solu-
tion to the problem of sampling. error in the measurement .of fertility changes on
the bagis of sample survey bdata, What we do claim is that this method represents

~ an agvance with respect to Bogue's mcthod in the sense that for any given sample
size, sampling error is less with this method than with Bogue ‘s method, In this
connection, it is perhaps appropriate to quote from a letter of Ronald Freedman
_commenting on the earlier version of our method: "As with Don Boguefs original pro=
posal, the sige of sample required‘to measure the kinds of changes likely to
occur in age-specific rates is,,..much larger than we wusually get in sample
surveys, 2 It is our hope that the presentation of this paper will stimlate dis-
cussion leading to still further improvements with regard to minimum semple size

‘ requirements.

In order to present the method it is necessary to make a distinction between
two different kinds of sampling error deriving from the faet that the different
somples of women in each quinquennium may be differenticlly unrepresentative with
respect: a) to their devel of fertility, and b) to the proportion of women whose
fertility is changing or is changing rapidly, To illustrate this distinction, a
hypothetical case for women age 30 to 34 in Mexioco CiAty is presented, In the first
quinquermium, from 1954 to 1958, women in this age group have an age specific rate
of 200 births per thousand women~years of exposurej in the second quinguenniun,fron
1959 to 1963, the corresponding rate is 150 births per thousand wonen-years, a

decline of 25 percent, Sampling error could have affected this result in two ways,

It may be that fertility did not change at all, but that the second quinguennium
‘ sample was differentially unreprescntative din the sense .of being relatively over-
‘ loaded with more edﬁcated women, with more economically active women, with more
- urban natives, with more unmarried women, etc, All of their lower fertility would
fhen be attributable to a relative underestimation of the second quinquennium }_e_y_e_j_._
of fertility on account of sampling error.

It could also be the case, however, that fertllrty did dccline, but that the

change did not occur equally among all scctors of the population in the given age

group. Since the. cohorte being compared in the two quingquennia are essen’cially
different samyples, the second quinguennium cohort will to somec extent be relatively el
ther overloaded or unlerloaded with wonen anong whon fertility was declining nost, If

3/ Letter dated 2 February 1966,
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it is overloaded in this woy, the cmount of chonge will be overestimated; 1f
it is underloaded, the change will be undercstlmated by virtue of this kind
of sampling error.

The distinction is importent. Sampling e;,?'ror with respect to fertility
change causcs the enount of ehange to be over -or underestinated. Sarpling
error with respect to fertility Icvel produces the appearance of changc in
fertility that did not in fact occur. It is this second kind of gerpling error

~that with respeat to fertility lewel- that the method ‘proposed here elains to T
aliminate in large part,
Loter on, a sugsestion will be made for reducing considerabliy the other ’ .-

kind of sampling error .that with respcet to fertility change, Mcanwhile,
it should bc noted that thesc two kinds of sampling error arc not mutually .
exclusive and each may be present at the some time, When different samples are
used for each quinguennium, there will always exist somc desree of sampling,
error with respect to fertility level. Sampling error with respect to Zfer-
tility changc however, can occur only when a change in fertility hos cetunl-
1y taken place, It fellows, therefore, that o method such as ours, which
claims to eliminate most of the sampling crror with respect to fertility level
‘will be relotively free of both kinds of sampling error in situations where is
little or no change in fertility and sampling crror with respect to fertility
change does not have to be taken into consideration. |
The procedurc for eliminating sampling error with respect to fertility
level requires the use of two six-year periods instead of two quinquenia, Howevexr
the last year of the first gix~year period is thce same as the first year of. .
the second six-year period, so that only eleven years of obscrvotion are used,
When the mcthod is employed for evalunting family planning programmes,the year that e

i e,

falls in both six-year periods could appropriately be the year in which the programme
wag initinted., In illustrating the mcthod with data from the CELADE urban fertile ' |«
ity survey, for which the laut year of observation was 1963 we shall usc the o
eleven yeafs, 1953 to 1963, as the years of obscrvation. Despite the fact that
the central yeor, 1958, had no specicl significonce for fnmily planning progrou.
nes,we shall adopt Bogue s terminology of base period and freatment period
and designate the first six ydors, 1953 to 1958, o3 the base period and the

i last six years, 1958 to 1963, os the itreatment period. i
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The tabulations required to calculate the age-specific fertility rates are:
a) the vdistribution of the women in the sample by individual year of age in each
of the eleven yetrs of observation, end b) the number of live births born in each
year of observation to the women in each indi#idual year of age, This information
pe:émits the calculation of individual age-specific rates for women of any given
individusl age x during each of the eleven years of observation, and therefore the
combination of individual age rates into any desired combination of fiveyear age
rates,

The essences of the method consists in observing for each five~year age group,
x, x+4, the change in fertility of the identically same women during the first and

~second halves of the base period, and then to compare these changes with the cor-

responding changes observed for women of the seame age group during the first and
second halves of the treatment period, It is of crucial importance to note that
while the age gi'oups used in comparing the changes refer to essentially different
samples of women, the changes observed during each period are based on the same
pample of women, '

In order to meesure fertility change in a six-year period with exactly the same
women, allowance must be made for aging, This is accomplished, first by caleculating
the age-~specific fertility rates for women age x~1.5, x+2,5 in each of the first
three years of the period, and then by caloulating simiiar rates for the same women
in each of the last three years of the period when they are three years older so
that their age in each year of observation is x+1.5, x+5.5. The average age of
these women during the entire six~year period will be x, x+4, the conventional five-
year age group, T'o‘ express the procedure more concretely, let us take the age group
30 to 34, We use the ages 28,5 to 32,5 during the first three years of the period
and the ages 31,5 to 35.5 in the last three years in order to get an average age
of 30 to 34 during the period, The problem of calculating rates by half-year ages,
it may be observed in passing, is resolved by assuming, for example, that women born
in 1925 and were 28 years old in 1953, the first year of observation, had an average
ege of 28,5 during that year, Table 1 shows as an example from the Mexico City data
how these age-specific rates were calculated for the age group 30 to 34 during the
base period, Altogether there were 207 births for 967 women-years of exposure in
the ages 28,5 to 32,5 in the first three years, and 201 births for the same 967
women~years of exposure in the ages 31.5 to 35.5 in the last three years, The age
gpecific rate is shown as declining during the base period from 214 per 1 000 womene
years of exposure to 207. This decrease of about 3 percent could easily be




 Table 1
CHANGE IN BASE EERIOD ACE SPECIFIC FERTILITY FOR MIXICO CITY WOMEN
|  WITH AVERAGE AGE 30 TO 34

o (Change from 195355 for women age 28.5-to 32,5 to 1956~58 f§r some women
age 31.5 t0 35,5) ‘

, Annunl Dote ﬁuriéngdSe Period .
Year of ~ Age during o | Jive birthe

f ‘year of Neof © F® of Mve “Ler 1 000
~ observation gpservation ~ Women births . women
11953 28,5 -32.5 308 59 192
1954 28,5 - 32,5 324 76 235
1955 . 28.,5-=-32,5 3% . . T2 215
TOTAL - 28,5 = 32,5 967 - 207 S
1956 - 31,5 -.35,5 - 308 = 70 227
1957 - 31,5 - 35,5 324 T4 228
1958 31,5 - 35,5 335 57 CA70
~ TOTAL 31.5 - 35,5 . 967 ‘ 201 ‘ -

Pata-for;each Bage Period Triemium

-

Age during-

WOmﬁn‘ aix o N° of | Live pirths
Triemniun Years of - L TOWRTYRRTR - per 1 000 .
: triennium of exposure B live bil?thg exprsure years -
195355 28,5 «~ 32,5 S 967 ., o207 : 214
195658 315 - 35,5 - 967 ‘ 201 . 207'-’

Source: Tabulations from CEIADE's Urban Pertility Survey,
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attributed to the three years of aging experiénced by +the sample cohort in view
of the well-know tendency of ape-—spec:.flc fertility rates to taper off with increas-
ing age after reaching a maximun somewhere in the 201s,

How this method functions to eliminate sampling error with respect to level
of fertility is perhaps best illustrated by returning to our hypothetical case
where base period fertility in the nges 30 to 34 in Mexico City was 200 per 1 000
wonen and only 150 in the treatment period. Let us suppose that this apparent de-
crease of 25 percent was due entirely to sampling error with respect to level of
fertility and that there was in fact no change in fertility, In this case‘,i using
the method proposed here of comparing the changes occurring in each period, it
would be reasonable to expect to find in the itreatment period, where the age-spe-
cific fertility level is 25 percent lower, 2 small decrease of approximately the
same magnitude as that of three percent observed for the based period cohort in
the preceding paragraph. This approximately same small change in each period
would lead us correctly to infer that there had been no significant change in
fertility trends in the base and trectment periods. By comparing chonges of fertil-
A1ty instead of levels of fertility in the two periods, the apparent 25 percent
decrease due to sampling error in the estimntion of the level of fertility in the

_two periods gets washed out, despite the fact that the two cohorts whose chonges

are conpared are eszenii~lily different samples,

We had origirallv thought, before we applied the method to the data from
CELADE's urban fevtility suvvays, that (quite apart from considerations of sampling
error) en important frirge benefit from the point of view of family planning eval- |
uation lay in its ability to discern whether changes in fertility had been taking
place prior to the initiation of a programme, and to use these base period changes
as the reference point for evaluation of the programmes effectiveness, An increase
in fertility during the treatment period need not imply that the programme had been
without effect, Providing there had been an even greater increase in the base period,
the effect of the programme could have been to decelerate this rate of increase,
Similerly, a decrease of fertility in the treatment period could be significant
only if there had not been a similar or greater decrease during the base period,
The comparison of levels of fertility in each quinquennium on the other hand,might
easily lead users of the way of measuring change to take for granted that fertil-
ity bad been constant during the base period,
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We had also thought, bcfore we consulted the CEIADE data, that o fringe
benefit of secondzry importance in this method was its mammer of disposal of a
wpo’tentiallyf serious source of bﬂas ~the increasing forgetfulness of birth as
the reference period lies further in the past. The comparison of levels of fertile
ity in the base and treatment periods would ordincrily involve o greater under-
estimation of birthsin thc morec remote base period and, therefore, an underestimn-
tion of whatever dcercase had in faet occurred, It is possible-that our mcthod
would largely avert this kind of bias, Firsf, because choanges are calculated
after only o three instend of o five year interval so that forgetfulness would
be less serious, and seqondly, because, in comparing changes in the base and
treatment periods using three year intervals in cach instonce, it wos supposed
- that opproximately the same differential forgetfulness would be involved in each
change and that this would to some extent wosh out in the comparison of changes
in each period. Vie coutiously say "to some extent becouse it would wesn out
completely only if it can Pe assumed both that forgetfulness is an incréasing Line
ear function of time(sn unverified though not unplausible assumption) und also
that the incidence of forgetfulness is cpproximately tne same in any two different
samples of women of the same oge group ond is,therefore, not subject to scmpling
error (an assumption of more dubious validity). -

Table 2, with data from the Mexico City CEIADE survey,illustrates how the
method functions, It shows not only the age-spceific fertility rates in each half
of both the base ond trectment periods, but also the percentoge changes‘in each
poriod in each sge group, In addition, o foesimile 4/ of the Total Fertility Rate
is uscd as a summary meaéure ih order to indicate the over-zll picture of whate#er
changes have been taking plrce, . A '

Several comments are in order here, In the first ploce, if we disregnrd for
a moment thesage~specific rotoes aﬂd cohcentrate attention on the Total Fertility
Rafeé, the advnantage of the‘ﬁéthod_is recdily nppﬁfent. Whereas o comparison pf

levels offertility in the two periods shows on incrense from 4,18 births ‘to 4,70,

. an increase of 12,5 percent, the compoarison of chomges within each period suggests
more or less constant fertility throughout both the bose end treatment periods, In
-the base period the Totol Fertility Rate increcsed 2.4 percent, from 4,13 to 4.23,

"4 / Because only women in the ages 20 to 50 were included in the survey, age-speci-
fic rates could not be obtaired for the age groups 15 to 19, 40 to 44 and 45
to 49 for all the eleves wears of-observation prior to the survey. In order to
get rates all age groups in both the base and treatment periods, it is neces-
sary to get birth histories of women in the ages 15 to 60 at the time of
the survey,
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whereas in the treatment period there is a correspondingly smoll decrease of 2,5
percent, from 4,76 to 4.64. '

Secondly, the underdecloration  of births duebto forgetfulness turns, out
to be graver than we had expected, In Tcoble 2 it con be scen thaot the age-spccific
rates are invariably hicher in the treotment period thnn in the base period., This
is o feoture charceteristic of the dota for 2ll the cities in the survey, It
is very evident in the age-speeific rotes that Bogue tobulated for as mony quine
quennia in the past as thepirths histories permitted, Despite a few exceptions,
a general tendency for successively lower rates in each quinquennium 28 one re-
cedes Further into the post can clearly be discerned in all age groups in 21l
the cities, To hondle this problem, Bogue hos proposed using tobulations only
on those children born alive aond still.living and then reverse-surviving these
in order to estimnte total live births, - "

The offect of differcntial underdeclaration of births when only a three-
year interval is used instend of a five-year interval is not altogethor clear
from the data in Table 2. The more rapidly forgetfulness increases with the
passage of time, the more there will tend to be the appearance of invariably
increasing fertility in both the base cnd treetment periods so that it would
no longer be possible to estoblish with any degree of assurance whether bose
period fertility had been constant, increasing or decreasing,'Forgetfulness of
this magnitude does not monifest itself in the data of Table 2, Out of eight
observed chonges in the two periods, therc are only three increases (2ll in the
two younger age groups) instead of in all eight, as would be expected if under-
declaration were the predominating feature of comporisons bosed on these three-
yeor intervals, Furthermore, in the central age groups, 25 to 29 and 30 to 34,
all observed chonges arc relatively small, |

The two other age groups, 20 to 24 and 35 fo.39, are more difficult to
interpret. Hcre the chinges observed are larger, considerably larger thon what
one would expect to result solely from three years of ozing, Vhile the mognitude of
chonge in the 20 to 24 age group could conceiva@lx bg'due té the combined ’
effecttﬁ?aging (beccuse of fower single women with increcsing age) and forget-
fulness, this kind of explonntion connot be used for the decreases of 41 percent
and 20 percent observed in the 35 to 39 age cohort, In this age group oging and
forgetfulness would tend to have opposite cffects, since aging results in lower
fertility ond forgetfulness produccs the appearonce of higher fertility. Purther—
more, there is no basis for supposing that forgetfulness would be so much grea—

ter umong the younger women, The dismaying instability of some ef the estimnted




TaBLE 2

AGE&PEC‘FIC_ FERTILITY RATES DURING FIRST AND SECOND HALVES OF BASE AND TREATMENT PERIODS, 195363, MEXICO CITY

b

BASE PER|OD

TREATMENT PERlO®

AVERAGE AGE OF LIVE B8IR™MS PER RELA-

oA et o team e TR MR §'7'E-oo§§s5§2 e
TREATMENT PER|ODS » , )
, 1953-55 1956-58 1953-55 19%-5% 1953-55 19%-5% 1958-60 1961-63 1958-60 1961-63 1958-60 196163
15 10 19 ~ , NOT- AVAHLABLE
20 10 24 1299 1 599‘ 21 357 166 275 4% 123 1923 %8 433 242 z.a; AT
25 ™ 29 1080 1060 277 284 256 263 % 1299 1299 365: -356 o8t 274 ~% ,:_),
30 O % g7 97 207 201 a4 w1 % 1080 1080 272 245 252 227  ~iof !
35 0 39 669 669 114 67 170 200 -41% 967 967 i 137 byad 142 -20%
40 0 44 NOT  AVAILASLE
45 0 49 , NOT AVAILABLE
*TOTAL Feaﬂurv RATE® 4 413 4,23 42,4 4,76 4,64 | 2,%
SOURCEs TABULATIONS FOR MEXI0D CITY FROM CEU\IE's URBAN FERTILITY SURVEY.
_y "TOTAL FERT! UTY RATE"™ DEFINED AS THE SUM OF THE AVAILABLE AGE~SPECIFIC FERTILITY RATES WLTIPLIED BY FlVE-




- 11

age-speccific rates ﬁbnds to confirm Frecdman®s opinion, mentioned above, that the

-sample size required for measuring chaonges in age-speeific fertility rates is

‘much larger thon what we usunlly get in somple surveys,

Insufficiegcy of sample size does mnot in this case, however, appear to be
related to sampling error. Each estimcted change in fertility wos based on two
threce~year periods of obscrvation for exoctly the samc sample of women so that
any unrepreséntativeness of the sample would tend to be equally characteristic
of both the first and the second three-year periods, - The instcobility of the data
Wéuld seem rather to derive from the instability inhcerent in vital statistices
based on relatively smnll populations, It is discouraging tc note that the
number of women-ycars of exposition uscd in calculating threerear rates ranges
from 669 for base pericd women age 35 to 39 to 1 523 for treatment periosd women
in the ages 20 to 24.5 .

Another possible explanation of unstoble nge-specific fertility rates is
that there moy have occurred changes in the timing and spocing of births unrcla-
ted to the total number of children women will have at the end of their reproduc-
tive period, Chonges in timing ond spacing of this kind, however, should not be of
great importoncc in high fertility populations where reproduction control is
nininal.é/

Pending further investigation, therefore, with data from considerably larger
samples, it cannot ke determined whether and to what extent differential under-
declaration of births due to forgetfulness obscures the trend of fertility during
the base period, Even if this trend gets obscured, the loss involved is not very
great, The most important piece of information for family planning progromme
evoluation is the kmowledge of whether and by how much fertility in the treatment
period is declining faster or increasing less slowly thon in the base period, It
is less importont to know whether the decrease has been accelerating or the in-
crease hos been decelerating, Following this line of reasoning, Bayona bas
proposed comparing the observed fertility rate in the last helf of the treatnent
period with cn expected rate calculated by applying the change observed in

5/ Bogue's method, it must be conceded is superior in this respect since he calcu~
lates five~year rates for five-year age groups and gets an average milenge of
25 women-years of exposition per woman in the samplej our method of three-year

- rates for five-year age groups has an average of only 15 women~years of

exposition,

6/ In any event the distorting effect of changes in timing ond spacing are inherent
in period-onalysis of fertility changes, Only cohort analysis can eliminate
this kind of distortion., Here is where family planning programme evaluation gets
strung up on the horns of this period~cohort dilemmsn, Cohort analysis is
most appropriate for determining whether and how much fertility has ochonged and

period annlysis best determines when the change occurred, Cohort analysis
has the further liability of not being suited to current situations in which
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the base period to the rate observed in the first half of the treatment period,z/
Identical observed and expected rates in this comparison would mean thevsﬁme
change, if any, ocurred in both the base and treatment periods;

The data in Table 2, for.example, show the Total Fertility Rote in the base
period to have increosed 2;4 percent, fron 4,13 to 4.23. The expected rate for
the second half of the treatment period, assuning a sinilar inerease of 2.4
percent over the rate of 4,76 in the first half of the treatnent period, is 4.88 ,
The obgerved rate for this threc-year period is 4,64 -5 percent less than
the expected rate, The extent to which the obscrved rate is less than the expected
rote tells us the mognitude of the downwnrd chonge in fortility. This downword
chonge, however, does not distinguish between o decelerating increase and an |
accelerating decrease, ‘

The reanining paragraphs of this paper are devoted to that kind of sanpling
error Shot with respeet to fertility chonge. which the nethod proposed here
nokes no olaim to elinminate, The comments that follow, it would seen, thercfore »
are equally applicable either to Boguels method or our ncdifieation of Bogue*s
nethod,

In the f£irst pluce, it is worth notlnb that significant deelines in fcrtillty
during a period of -denographic tronsition apparently have been the result of sone
corbination of three different ways in which fertility nay decline:

a) Widening differential fertility whereby fertility declines anong certain

sectors of the population <thc better eduented, the urbon residents, cte.

b) Fertility deelining in proportionately the sane anount cnong a1l sectors
of the pOpuldtidn.

¢) Chonging papulation'eomposition with o shift from the high to the low
fertility cotegorics of cach differential characteristic:

h/(oontinued)
women in the hlfh fertllltv ages still have 20 to 30 years to go before
they have completed their fertility and the definitive cohort analysis
oan. be nsde.
Unfortunately, fonily planning progroamme evaluntion needs the simultaneous
solution to all thrce of these difficulties. It needs to know how. nuch
“fertility declined, when the decline occcurred, ond it nceds to kmow these
as soon as possible after it has occurred,

1/ Alberto Bayona Nuncz, Consideraciones al nétodo de Corlcton porn medir Come
bios de la fecundidad utilizondo infortncion provenlcnte de nuestras pe-

quefins, CELADE, 1969 (unpublishcd umnucrlpt )e
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We submit that eempling error with respect to fertility change is of
-consequence only to the extent that declining fertility comes about differentially.,

We believe we hove demonstroted elsewhere that chonges in population conposition
cannot be of great significance in o short-run fertility decline except in the unusyal
case where the mognitude of both the change in composition and in: the differential

also are very great 8 /s Furthermore, to the extent the declinc takes place

proportionately the sane throughout the population, sampling error is irrelevont
since all sanples nust be cqually represcatative of the population with respect
o to fertility change;
The kcy, therefcre, to reducing sanpling error with respect to fertility
chonge is to find sonc way of controlling for differentisl fertility decline,
Chackiel, nindful of the fact that nost fertility differential chnracteristics

. such as education, urban~rural regidence, female economic activity, and age &t

marriage, tend to a considerable legree to be mutually overlapping, has suggested
that standardization of the base cnd trentnent period cohorts by one significant
characteristic such as education night well eliminate the greater part of this
kind of sanpling error., )

Standardization, however, would require elaborate tabulations by level of
education by individuzl age for each yeaor of observotion. The rates for some levels
of education at certain ages would be tcnuously based on o very small number of
cases, Under the circunstances, standordization by use of a natching proccss
would secn moetadequate, This could be done in such o way that would neither
destroy the probabilistic choracter of the sanple nor reduce the sonple size
of either cohort,

. . By woy of exonple let us consider the 412 Mexicon wonen of average age
18.5 in 1953, the first year of the base period and compore then with the 497
wonen of the sanme age in 1958, the first year of the treatment periocd. Iet us
suppose, hypothetically that each cohort of women is differentially distributed

Pad

into three cduccotional cotegories: low, nedium and high (whose definition would

wundcubtedly vary fron country tc country ) as showm in Toble 33

8 / Rebert O, Carlctom, "Fertility’ trends and differenmtinls i Lotin Anerica",
Milbank Menorial Fund Quarterly, Vol, XLIII, N° 4, Oct, 1965, ppe 15=29.
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WOMEN IN MEXICO OITY OF AVERAGE AGE 18,5 BY IEVEL OF EDUCATIGN

Educational Age 18,5 in 1953 Age 18,5 in 1958 , .
' ;evel Nurber Percentage Number  Percentage
Low ‘ 268 65 298 60
Mediun 103 25 139 28 @
" High . 4 10 60 12 ’
Total Y 100 497 100 @

The natching process could be done by successive approximation, begin-
ning perhaps with the educational eategory where there is the lorgest percem-
tage difference between the two cohorts oin this instonce the low educational
‘level. One would raise the proportion of women in this category in the 1958
cohor‘b to 65 percent, the proportion found in the 1953 cohort, This would be
acconplished by drawing at random from the cards for the 298 women in this cate=
£ory. in the 1958 cohort and duplicating the cards of the wonen thus drown
until the percentage of low education women in this cohort reaches the desired
65 percent. This would require 72 duplications, derived by solving the
following formula:

298 +x _. 65 -
497 + x 100

for =x.

In this particular instance, raising the percentage of women with low education
has the effect of bringing the medium category down to 24 percent and the high
education category down to 11 percent, virtually the same as the pei‘centages.

~in the 1953 cohort, If one or more of these other categories had remained
significantly different, the matching process would have had to be applied

agein to the remaining category showing the greatest difference, It is important
to note that one must always duplicate cards from the cohort with the smaller -
percentage instead of eliminating cards from the cohort with the larger percent-‘r ’?
ages -In this woy, the nunber of iffe nt women in each mohort sanple’ stoys the
sqne., - Eliminat:mg cards would reduce the nurmber of differen‘c women and, there—
fore, increase the sampling exror,

Y]
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This kind of standardization by natching, which would also have to be
applied to the second year and third year cohorts of the base and treantment
periods, would be greatly simplified if a conputer progrorile would be developed
for processing the data, Once the labor can Be entrusted to the conputer, nore
conplex processes of stondardising by two or three differential cotegories at
o time would becone 2.possibility. In this way sanpling error would be brought.
largely under contrel, The big problen remaining would be that of the instabil-
ity of vital stotistics rates with relatively small populations.
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