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1, Until Tery recently the fie ld  of family planning has "been an area of 

demography in which methodology has of necessity fallen  somewhat short of the 

rigorous standard.  ̂ which characterize the discipline in general. The principal 

suhject-matter —testing the efficacy of various contraceptive methods— 
together with the usmlly low-cost budgets of its  projects obliged working 

with clin ica l populations, ordinarily highly selective samples representative 
of some unspecified universe of persons in a l l  probabilitjr significantly d if»  
ferent from the general population.

2. In the last few years the population problem has come to occupy a 

prominent position in the public attention. The United Nations has adopted 
programs of assistance to those governments which find that rapid population 

growth is  a serious obstacle to t'-'.e achievement of the economic and social 
development of their countries; many of the industrialized nations are 

providing financial and technical support in order to encourage underdeveloped 
countries to adopt and carry out program.s aimed at the reduction of fe r t i l i t y .

With the rediscovery of the lUD now optimism has been imparted to the fie ld  

o f family planning. Large sums o f money arc being contributed to support

its  a c tiv ities . Action programs desigried to a ffect the fe r t i l i t y  patterns of 
either the general population> or at least of wide sectors thereof, have come 

to the forefront. I t  has become increasingly possible to work with randomly selected 
samples reprosentativo of cloorly designated populations. At the same time, 
demographers with experience in the more rigorous methodology of the other 

branches of demography have become interested in the problems of family 

planning programs.
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3, A noto'vrorthy sharpening o f analytical tools can be obsGorTod. This vas 
already evident in the Princeton Study, Then at Belgj?ad > Potter presented a 
paper with an ingenious proposal for eliminating the bic s in testing 
contraceptivo methods which results from the tendency o..' high-risk women to drop 

out of studies with the conseq,uence that data are ex ;essively weighted by . 

the experience o f low-risk w o m e n , A t  the August 19i > International 
Conference on Family Planning Programs in Geneva Preedrnn reported on 
methodological progress in family planning and strongl;’- advocated the 
development o f "means for estimating age-spocific, b irtl rates as well as
crude birth rates . . .  in countries with poor v ita l roce rds , , ,  since the 
crude rates may bo q^uite misleading in some cases",

4. For the same Geneva Conference Bogue contributed an important bookr^ 

containing a series of notable suggestions fox sign ific antly improving the 
evaluation of family planning programs. He suggested t ie  use- o f retrospective 
data as a means of reducing the sampling error without increasing the number 
of women surveyedj a survey conducted fiv e  years after the in itiation  of the 
program could obtain retrospective data covering the five-year periods before 

and after the program,^ Another Bogue refinement for increasing the accuracy 

o f measuroment involves the u tilization  o f computers to calculate age-specific 

fe r t i l i t y  rates using women-years of exposure in each age group based on 
month as well as year of birth. Perhaps most promising of a l l  is  Bogue's 

idea of using the same samnle of women in the before and a fter comparison in

ij Robert G. Potter j AyplicatiQr of  l i f e  table tochnioues to measurement
of oontraoeptive effectiveness. United Nations Viorld Population Conferenco 
1965, (B .I3/I/E/3OI).
Ronald Freedman: "Family Programs Today", rough draft published in
■Studies in Family Planning. N° 8 (supplement)“,' October 1965? Population 

. Council.
_2/ Donald J. Bogue-: Invontary, Explanation and Evaluation by Interview of

Fnmiv Flanjlln.g< Motives — Attitudes — Knowledge — Behavior, dociament 
prepared for discussion at International' Conference on Family Planning 
Programs, Geneva, Switzerland, August 23-27, I965,

4[/ Or alternatively, as Bogue notes, there could be two surveys — one at 
the time the program is  started and covering the previous five-year 
period, and another five  years after the program and covering the 
five-year period of exposure.
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order to solve the thorny prohlea of controlling a l l  the extraneous factors^  

such as differences in duration of inarriago, education, economic activ ity , 
etc. that ore like ly  to distort the magnitude and possibly even the direction 

o f any observed change in fe r t i l i t y  when trro different samples are used for 
measuring the leve l of fe r t i l i t y  before and after the program. Other-wise,

Bogue notes, the size of sample needed to standardize by a l l  the relevant 
differences in characteristics "would be intolerably large",

5. Unfortunately, as Bogue has obrserved, the objective of con-trolling a ll 

the factors affecting fe r t i l i t y  by using the Sfuae sample of women is  to a 

large extent obstructed by the fact that some of these factors — such as 

age and duration of marriage — automatically change with the passage of 
-time. Even the same women do not sta.y the same with.respect to these 

characteristics. Nor can other factors such as labor force participation 
and even leve l of education be ass'med to remain constant in time. I f  one 
studies, for example, the fe r t i l i t y  of the cohort o f women in the ages 25 to 

29 in the five-year base period before the program, the comparison with the 
five-year treatment reriod a fter the in itiation  of the program — i f  made 

with the some -Viomen — v.dll necessarily refer to the fe r t i l i t y  of -women in the 
ages 30 to 34 (see col, (2) o f Table l ) . As the recent fe r t i l i t y  study^ of 
the United Nations has shonn, in almost a l l  countries of the v/orld age-specifio 

fe r t i l i t y  is  significantly lo?/er at age 30 to 34 than at age 25 to 29* These 
same -women in the sample, therefore, -will probably have lower fertili-fcy after 

the program than beforej i t  is clarly not permissible to interpret this lower 

fe r t il it jr  as a decline in the -trend of fe r t i l i t y .

5/ Unless otherwise specified, the expression ex-crûneous factors affecting 
fe r t i l i t y  is  used in this paper to refer to those characteristics of 
women differences or changes in 'chich a ffect the meas-urement of fe r t i l i t y ,  
I t  is  this type of factor which can be controlled by using the same sample 
of v/omon. In a simulated controlled experiment extraneous factors oould 
also be used to refer to events whose e ffect on fe r t i l i t y  patterns is 
observed simultaneously v/ith the e ffect of the variable under study 
— such as a family planning action program. Using tho same sample of 
women would be of no assistance in isolating this kind of extraneous 
factors,

£/ United Nations: Population B-ulIetln of the United Naticaas, N° 7 - 1963.
-vTith special reference to conditions and -trends of fertility in the -world, 
ST/SOA/Ser.N/7,
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TalDle 1

...........in
Age during base and treatment periods

Period Same v;omen in 
each period

Same age in 
each period

(1) (2) D )

Base Period 25 to 29 25 to 29
Treatment Period 50 to 54 25 to 29

6, On the other hand, when age is  controlled so that the base period fe r­

t i l i t y  o f women in the ûgos 25 to 29 is  compared with the treatment period 
fe r t i l i t y  of women in the same ages (see col„ ( 5) of Tabic- l ) ,  thon the 
comparison is no longer made betweenthe saiae women even though taken from 

the same sample o f women. iThile the fact that they are from the same
sample of women does undoubtedly -control to a certain extent for characteristics 

such as leve l of education and labor force participation,-^ Bogue recognizos 

that the women from two different ago groups in the same sample are different 

women and essentially different samples o f women as far as the control of 
factors related to fe r t i l i t y  are concerned.

7. The purpose of this paper is  to suggest a method for exploiting s t i l l  
further Bogue's idée maitresse of using the sane sample of women before and 

after the in itiation  o f a program in order to control for differoncos with 
respect to the factors that affect fe r t i l i t y .  Although the method suggested 

has yet-to bo tested li'i practice and many of the details of its  application 
remained to be worked out, thc: important advantages of its  underlying 

principle seem clear enough to ju stify  throv/ing i t  open to general discussion 
and comment.

2J I f  the clusters of a sample, for example, contain an over-representation 
of women with a low educational leve l, this over-representation w ill 
ordinarily a ffect a l l  or most of the age groups rather than be concentrated 
in only one age group.
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8. The exposition of the method is presented with speoictl reference to 
measuring the ohonges that occur in a high fertility population after 
exposure to a family planning action program. As the title suggests, 
however., it is thought to he generally applicable» with certain, visually 
obvious, modifications (i,e ,, such as the terms base and treatment periods) 
to the measvô ement of fertility changes in malthusion as well as non- 
malthusian populations and without reference to an action program or to any 
other factors intervening between the two time periods being compared,

9* The basic principle of the method here proposed consists in the 
comparison of ohanges instead of levels of fertility in the base and 
treatment periods. First of all, however, changes in fertility are 
observed by comparing successive levels of fertility after one-year (instead 
of five-year) intervals, . In this way, cohorts age 25 to 29 in one year are 
only one year older (i,e ., age 26 to 30) the follovring year. Although exactly 
the same women, the difference in level of fertility from caie year to the 
next due to aging will be minimal,'  ̂ Then the comparison of changes in 
fertility is made among the different base and treatment period cohorts as 
they pass from age 25 to 29 to age 26 to 30» Ccmparing changes has the 
effect of standardizing by age since the small remaining difference due to 
aging is approximately the same In all the cohorts being compared. Far more 
Important, the comparison of changes Is equivalent to standardizing simulta­
neously by all other relevant characteristics In so far as differences in 
these characteristics among different samples of women would ordinarily 
result, in different LEVELS of fertility.

10, It is necessary at this point to introduce a distinction between 
differences in characteristics related to differential levels of fertility 
and those related to a (differential predisposition to change fertility 
patterns. As will be explained presently, the comparison of changes in 
fertility accomplishes the simultaneous standardization of all characteristics 
only in the first sense of their relation to differential levels; the 
standardization is not achieved in the seccnd sense of differential 
predisposition to change.

8/ Changes in other oharacteristios such as duration of marriage also assume 
less importance when the fertility of the same women in two successive 
years is compared.
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11, In table 2, including the year Z ■F/hich denotes the 12 month period^

after the in itiation  o f the program, there are eleven years of observation 
(from year Z-5, the f i f th  year before the program, to year Z+5, the sixth 

year a fter the in itia tion  o f the program and the f i f th  year a fter the program 

could be supposed to have had some e ffe c t ) in order to get ten years o f 

observed change: .five observed changes during each o f the base and treatment

periods (from Z-5 to Z-4>. foom Z-4, to Z-3» oto,., and from Z-1 to Z during 

the base period and from Z to Z+1, from Z+1 to Z+2, etc,^ cmd from Z+4 to 

Z+5 during the treatment period). A ll ten observed changes, i t  should be 

stressed, refer to cohorts age 25 to 29 in one year and age 26 to 50 in the 
next year,-^^ In this way the comparison of changes is  standardized by age,

12, In comparing (co l, ( l )  o f Table 2) the base period change in fe r t i l i t y
o f the women age 25 to 29 in year Z-5. (¿w  v̂ rith the treatment period change in

/ T\the women age 25 to. 29 in year Z (6^), one is comparing the changes of 

f e r t i l i t y  in entirely different cohorts of women. However, by virtue of 

the comparison being between changes instead o f between levels of fe r t i l i t y ,  
the e ffec t of even this one year o f aging is  eliminated since i t  can be 

supposed approximately the same for both cohorts,

13» This procedure designed to standardize by age manages in one f e l l  
swoop to standardize simultaneously by a ll  other relevant characteristics 

in so far as differences in these characteristics w ill lead to d ifferen tia l 

levels o f fe r t i l i t y .  Because the two cohorts o f women — those age 25 to 29 

in years Z-5 and Z respectively.— are different women and probably d iffe r

^  Although the treatment.period .begins at. the start of year Z, at least 
part.of this year must have the characteristic o f base period fe r t i l i t y  
in the sense that its  fe r t i l i t y  is  unaffected by the program. Because 
o f the belonged gestation period characteristic o f human fe r t i l i t y ,  
any e ffect the program has on réproductive behavior could not be
n.', ticeable in terms of births until at least nine months a fter the 
launching o f the program. To round out a fu ll year, an additional 
three months has been added somev/hat arb itrarily  to show that some 
time must be allowed between the in itiation  o f the program and the 
moment when i t  can be supposed to exercise some e ffec t on family 
planning attitudes end behavior. Year Z+1, therefore, is  the f ir s t  
year of the treatment in which treatment might have some e ffec t on 
fe r t i l i t y ,

10/ For illu stra tive purposes the discussion throughout this paper is  in 
terms o f the age group 25 to 29. In actual practice, of course, a l l  
the age groups in the reproductive age span would noamnally want to be 
studied in similar fashion.
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Table 2

MEASUREMENT OP CHANGES (6^) IN TERTILITY IN BASE (6® ) AND TREATMENT

(6^) PERIOD AGE 25 TO 29

Cohorts used in eaoh year o f Observaticn. 
(Not arranged to show rotational sequence)

Year of 
observation-

Z -  5 

2 - 4  

Z -  3 

Z -  2 

2 - 1  

2

Cohorts by age in yoar of sucvey (Z+6)
36-40 35-59 54-38 53-37 52-36

Age during years of observation

F
26-30

p )
\ -Base Period

25- 29

26-  30 25-  29
t

26-  30
B

w

25-  29
6

26-  30

~^5)
(

25- 29 b

26- 3o 5

_______ Cohorts by age in year of survey (2+6)
31-35 30-34 29-33 28-32 27-31

Age during years of observation

Treatment Period

Z

Z + 1 

Z + 2 

Z + 3 

2 + 4 

Z + 5

25-  29
6

26-  30 25-  29
6

26-  30 25-  29
i

26-  30
T

25-  29
6

26-  30
T

25-  29
26-  50

■T

^  The year 2 refers to the 12 month period after the in itiation  
o f a treatment program.
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significantly with regard to characteristics related to f e r t i l i t y t h e i r  
levels of fertility will in general he different quite apart from and 
independent of any changes in fertility that are occurring. I f  the cohort 
age 25 to ,29 in the year Z (the treatment period cohort) has a greater 
proporticMi, for example, of economically active women or of womep with more 
education than the cohort age 25 to 29 in the hase period year 2-5» it can 
for this reason alone be expected to have a lower level of fertility than 
the base period cohort in both the first and the second of the two years 
\mder observation with regard to change. I f  the levels of fertility of 
the two different cohorts were being compered* the Iqw^ fertility of this 
cohort would be indistinguishable from and, therefore, liable to be 
interpreted misteikanly as a decline in ferti3Lity* . If, however, the changes 
in fertility of the two cohorts are being compared* the lower fertility of 
the treatment period cohort gets washed out because it is equally present 
in both years under observations: it, therefore, disappears in the calculation
of the difference between these two observed levels.

11/ As was noted above, these differences are reduced only to a limited 
extent by the fact that the two cohorts of women come from the same 
sample of women.
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14* It should be clearly stated that the method, proposed here makes no
pretense at a causal evaluation of family planning programs. Fertility is a
highly complex jAienomenon simultaneously affected by a wide variety of different
factors, some of idxich may well be acting to increase fertility, while ttie effect
•f ethers is to decrease it. Observed changes are net changes, the resultant of
the combined effect ef all factors in operation. Causation is most appropriately
studied through the use of a control group as similar as possible to the experi-

12/mental group in all relevant respects except exposure to the action program,—-̂
It is nevertheless possible to some extent, wxthout the use of a control group, 
to evaluate the causal effect of a particular factor by recourse to independent 
data on the behavior of other relevant factors during the base and treatment 
periods» It would, for example, be more legitimate to infer the causal effect 
ef an action program in a population inhere social change was very slew than in 
a dynamic society where many other active factors were abounding. The present 
préposai, however, aims merely at comparing the net changes in fertility patterns 
in the base and treatment periods before and after the initiation of a family 
planning program and expects to achieve tliis with mox’e acouia,cy than has been 
pessible heretofore*

1 5 . It perhaps also should be pointed out that comparisons are made always
in terms of period (cross-sectional) age-specific fertility rates during two suc­
cessive time periods of limited duration. In interpreting any changes ebserved 
in these period fertility rates, it will usually be impossible to distinguish 
genuine changes in fertility patterns from fluctuations due merely to changes 
in the timing or spacing wf children,

1 6 , A n  extremely important advantage of comparing changes instead of levels 
•f fertility in the base and treatment periods lies in that prevision is made 
f*r the by no means impossible contingency that the level of fertility has not

1 2/ Another advantage of the use of retrospective data is that the validity of 
the control group can be tested by comparing the control and experimental 
groups not only with respect to their composition in terms of characteristics 
related to fertility, but also with inspect to their fertility patterns 
dioring the base period, i.e,, before exposure to the program. To the extent 

. that the control group is similar to the experimental group with respect to 
all relevant characteristics, the pre-program fertility of the two groups 
should be similar. The non-exposure of the control group to the action 
program cannot, of course, be tested in tlxis way.
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been constant during the base period prior to the program. V/hen levels o f 

f e r t i l i t y  are compared, the most that can be affirmed is whether fe r t i l i t y  has 

declined since the inception o f the program. But i f  fe r t i l i t y  was declining 

before the program began, the question the sponsors o f a program want to in­

vestigate is  whether i t  has been declining faster since the program started. 

Similarly, i f  f e r t i l i t y  was increasing in the base period, the investigators, 

w ill want to determine whether the inci-eaae has decelerated during the treat­

ment period. Ihe comparison in terms o f fei’ t i l i t y  changes during the base and 

treatment periods is  directed precisely to the investigation o f this aspect o f 

the f e r t i l i t y  patterns o f the two periods,

17. Furthermore, by measuring the change in fe r t i l i t y  occurring to a base 

period cohort in two successive years and comparing this change with that 

occxirring to a corresponding treatment.period cohort, a potentially serious 

source o f bias in retrospective data — the increasing forgetfulness o f births 

as the reference period is  farther in the past — is  largely averted. Wien, as 

in col ( 3) of Table 1, the f e r t i l i i y  o f the cohort age 25 to 29 in the base 

period is  compared with that o f the 25 to 29 cohort in the treatment period on 
the basis of retrospective data obtained at the end o f the treatment period, 

the fe r t i l i t y  o f the treatment period can be expected (because o f fewer unre­

ported births) to be underestimated less than base period fe r t i l i t y .  The bias 

w ill give the impression o f increasing fe r t i l i t y  and would tend to obscure 
partia lly  or to ta lly  ajny decrease caused by the family planning program. Bias 

o f this kind would be most damaging among i l l ite ra te  populations o f high fe r t i­

l i t y  and probably also more so araong older cohorts than in the 25 to 29 age 

cohort,

18. liifhen fe r t i l i t y  change is measured over two successive years (such as 

Z -  5 and Z -  4) i-a difference in the forgetfulness o f births w ill be very 
small in comparison with that resulting when the change is  measured over t\70 

five-year periods, rVen this very small difference is  mostly elimin-ted by 

compering changes instead o f levels o f base and treatment period fez’t i l i t y .
Both changes iiidll have a small upward bias which largely washes out when the 1 
difference in the changes is  compared,

■‘it least two d ifficu lt ies  should be mentioned in connection v/ith this 

 ̂ approach, F irst, the comparison o f changes in fe r t i l i t y  does not completely
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scive the pi-oblm of controlling for differences ivith rec.pect to the factors 
affecting fertility. Women of different characteristics are undoubtedly dif­
ferentially m-edisposed to adopt family planning practices. Should a decline 
in fertility occur, its magnitude will tend to be over- or understated i f  in 
the base and treatment period cohorts there are different proportions of women 
with characteristics that predispose them to family planning.

2 0 . Secondly, the comparison between changes of fertilitj'’ after only one 
year of aging reduces substantially the number of women-age-years of experience 
involved in the measurements and v/ould require a larger sample of women i f  the 
sampling error is not to be materially increased. 3Jhe Bogue comparison in 
column (3) of Table 1 of women age 25 to 29 in the base and treatment periods 
takes in altogether 25 women-age-years of experience per woman in each of the 
two periods (each of the five ages —2 5 , 2 6 , 2 7 , 28 and 29 — in each of the 
five years of the base period and in each of the five irears of the treatment 
period). The present proposal, in comparing the changes occuring to one base 
period and one treatment period cohort each age 25 to 29 in one year and age 
26 to 30 in the next, vises only ten women-age-years in each period.

21» ‘ihe second difficulty is readily resolved because in both the base and 
treatment period are five (partially)^ different cohorts age 25 to 29 whose 
changes ( 6  ̂ and in fertility are recorded as they pass on to age 26 to
3 0 . It is possible to combine the experience of each of the five base period 
Cohorts into one single average figure (6 ) and to compare this average change
with the corresponding average ( <5 ) of the changes in the five treatment
period cohorts. In this way, the entire experience of women in these ages will 
be used in tìie comparison.

22. This solution also partially resolves the first difficulty of controlling 
for differences in factors relating to fertility when the cohorts being compared 
are entirely different women and in general with characteristics somewhat dif­
ferently predisposing tìiem to a voluntary limitation of family size. By using 
the average change in each of five only partially different cohorts in order 
to compare tìie changes in fertility among the base and treatment period cohorts,

12/ The five different cohorts, of course, ere only partially different since 
in each successive year the wonon ago 25 to 29 are exactly the sane wonon 
in four of the five ages. ’ In each successive year there is on approxi- 
niately 20 percent rotation, v;ith the wonon ago 29 passing out as they 
reach ago 30 and being replaced by the v;onen age 24 who roach age 2 5 .



i t  tocoBiSiij possxbio to taJic, advancage of the 20 percent rotation in the cohorts 

each yearj in the women-age-years used in calculating the average changes for 

the base and treatment periods,approximately 40 percent o f the age-years in 
the two periods refer to the same women* This is seen more clearly in Table 5 
where the entries in Table 2, in order to represent better the rotational 

seq_uence involved, are re-arranged in one long diagonal covering both o f the 

two periods instead o f two separate diagonals, one for each period. Of the 
fiv e  treatment period cohorts, the follovTing approximate percentages o f women 

age-years re fer to women also in the base period; 60 percent of cohort age 25 
to 29 in year Z, 60 percent o f those age 25 to 29 in Z + 1, 40 percent in Z + 2, 

20 percent in Z + 3 and none at a ll o f the cohort age 25 to 29 in Z + 4,

23* To what extent this 20 percent rotation o f women in each successive-cohort 

reduces the minimum sample size required to control fo r differences in charac­

teris tics  related to d ifferen tia l predisposition to change fe r t i l i t y  is  a matter 

fo r investigation by sampling specialists. Attention is  called, however, to the 

apparent sim ilarity o f this procedure to the 25 percent rotation used by the 

U.S. Bureau o f the Census in its  Current Population Survey in order more e f­

fective ly  to measure changes.

24. Althou^ the principle o f comparing changes instead o f levels o f fe r t ir  
l i t y  has been shown e ffec tive ly  to standardize by a ll  the characteristics d if­

ferentials in which resul t in differen tia l levels of f e r t i l i t y ,  the 20 percent 

rotation o f women is  the only device mentioned up to now for isolating in a 

genuine decline in fe r t i l i t y  the effect o f a d ifferen tia l decline among women 

with characteristics d iffe ren tia lly  predisprsing them to change their fe r t i l i t y »  

To what extent can the d ifferen tia l composition o f the base and treatment period 
cohorts (when caused by sampling variation) distort the analysis o f the changes 

that have occurred? To answer this question, i t  is  necessary to considérer the 
different ways in which fe r t i l i t y  d iiferentia ls can act in the course o f a fe r­

t i l i t y  reduction. For the sake c f simplicity and concreteness, le t  us take as 

an example a dichotomous educational d ifferen tia l; during the base period women 

with a "high" leve l o f education have lower fe r t i l i t y  than women with a "low" 
leve l o f education;



T a l i l e  5

IffiASUREIffiNT OP CHANGES (6 ^ ) IN  PERTILITY IN BASS (6®) M B  TEEAIMENr (6 p  PERIODS, AGE 25 TO 29

Cohorts used in each year o f observation 
(Arranged to shot? rotational sequence)

Year of 
observation

Z -  5 

Z -  4 

Z -  3 

Z -  2 

Z - 1

36-40

25-  29
d

26-  30
:B

25-  29
i

26-  30

Base Period
35-39 34-38 33-37 32-36 31-35

Age d'oring years of observation

Breatinent Period

30-34 29-33 28-32

25-  29
i

26 -  30
:B

25-29 B
26-30  ̂ 25-29

26-30
:B

25-  29
i

26-  50
■T

25-  29
i

26-  30 25-  29 .T,

26-  30 ^25- 29
26-  50

-T

27-31

RVj4

25-  29
26-  30

T
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a. F e rt ility  may decline only among the h i^  educational women; as a 

consequence the d ifferen tia ls widens.'^
B. F e rt ility  may decline by proportionately the same amount among hoth high and

lew educational women; as a consequence the d ifferen tia l remains un- 
i

changed*

c* !The composition o f the population changes with women shifting from the 

high fe r t i l i t y  category ( i . e . ,  low educational leve l) to the low fe r t i ­

l i t y  category ( i . e , ,  high educational le v e l); as a consequence over-all 

fe r t i l i t y  declines without any change occurring either in the d ifferen tia l 

cr in the levels o f fe r t i l i t y  bf the educational categories,

25, Any significant decline in fe r t i l i t y  during the treatment ^-eriod may very 

well be the result o f some combination o f a l l  three modes of acting,

•Id/ I t  is  also log ica lly  possible that the d ifferen tia l narrow as a consequence 
o f a decline in f e r t i l i t y  only among the low educational women. In non- 
malthusian populations o f very high fe r t i l i t y  this possib ility  can be 
neglected as extremely unlikely, \lhen the model is  applied to countries 
of moderate or low fe r t i l i t y ,  this mode of behavior would have to be taken 
into consideration.

15/ I t  would be d if ficu lt  to specify in general the precise proportion o f each 
of the three. Undoubtedly, this w ill ■vary both from country to country as 
well as from one type o f d ifferen tia l to another. So far as the writer can 
determine, no systematic study has yet been made on the relative importance 
o f the three modes. Ryder (in  hia chapter on fe r t i l i t y  in Hauser and Dun­
can's Study c f Population, page 412) mentioned this among the questions in 
d ifferen tia l fe r t i l i t y  analysis which are "both important and re la tive ly  
unanswered".

!Ehe writer believes he has demonstrated that the third mode (changing 
population composition without any change in fe r t i l i t y )  cannot be o f great 
significance in a short-run fe r t i l i t y  decline unless the ime.gnitude o f both 
the fe r t i l i t y  d ifferen tia l and o f the change in population composition are 
very great (Robert 0. Carleton, "F e rtility  Trends and D ifferentials in 
Latin America", The Milbank Memorial Fimd Quarterly, Vol, XLIII, N® 4»
Oct. 1 9 6 5 , pp. 1 5 - 2 9 ) r

In the same work he found among five Latin American countries around ' 
1950 the urban-rural f e r t i l i t y  d ifferen tia l to be smallest in the countries 
with highest fe r t i l i t y ,  ‘This finding suggests that a widening d ifferen tia l 
is  associated with decreasing fe r t i l i t y  at least in some countries (mode 

Finally, not very comprehensivo data selected from countries with 
different levels o f fe r t i l i t y  show that rural fe r t i l i t y  as well as urban 
fe r t i l i t y  is  usually lower in the low fe r t i l i t y  countries; the implication 
would seem to be that mode is  operative to some extent also.
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T# the extent that mode j'rh (an even decline in fe r t i l i t y  among the different 

categories o f each d iffe ren tia l) is  operative, no control need be established 

for differences in composition o f the cohorts in the base and treatment periods; 

the composition o f the cohorts is  irrelevant in this kind o f decline.

26. I t  must be admitted that the method under discussion, by the very nature 

o f its  design, is completely ineffective in detecting mode changes in fe r t i ­
l i t y  (a sh ift o f population composition from the h i^  to the low -fe rt ility  cate­

gories), The objective o f discovinting differences in characteristics relevant 
to fe r t i l i t y  by comparing changes instead o f levels o f fe r t i l i t y  backfires in 

the case where the differences are not due to sajnpling variation, but represent 

genu±ne changes in the compositional structure of the population,-^^ Ihe impor­

tance of this lim itation cannot be very great, however, because short-run changes 
in population composition are seldom of sufficient magnitude to have a marked 

e ffec t on fe r t i l i t y  levels . In the exceptional cases where abrupt and drastic 
changes dü occur, their revolutionary character w ill render them highly cons­
picuous as a consequence of which the danger of unconscious bias w ill be very

16/ At f ir s t  glance, i t  might appear that the measurement o f both base and
treatment period fe r t i l i t y  with data from a sample of women based on one, 
single survey taken at the end o f the treatiaent period would attribute 
post-treatment compesition to the base period cohorts and, therefore, also 
fa i l  to take into account changes in population composition, Biese changes, 
however, ai'e partly taken into account by a parallel evolution o f the com­
position of the v/omen in the sample, fiie change in their characteristics 
between the f ir s t  year o f the base period and the year a fter the treatment 
period should re flec t to some extent the structural changes occurrixig in 
the general population.

Ihe 20 percent rotation o f women whereby each successive cohort was 
born on-the average one year later provides even greater assurance that 
changes in the composition of the population w ill be reflected in the 
characteristics o f the base and treatment period cohorts. As Ryder has 
sho»%i so eloquently (iTorman B, Ryder, ''The Cohort in the Study of Social ■®' 
Change", American Sociological  Review. December 1965» PP* 843-61), changes 

' in population composition tend to occur successively in the yovinger cohorts 
rather than to appear a l l  at once in â -l the age groups. The 20 percent 
rotation provides a bu ilt-in  protection against population composition < 
changes of this kind. The base period cohorts were born on the average 

.five  years before the treatment period cohorts and, therefore, should havei 
an appropriately smaller proportion o f women in the low -fe r t ility  categories.
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snail. In such instances special controls could be instituted} the sanple 
size night have to be increased so that cross-tabulations can be made«

27* In the case of node éh- (a widening d ifferen tia l as a result of 
declining fe r t i l i t y  exclusively in the lor^-fertility  categories), the 

procedure proposed does not provide altogether satisfactory controls for 
differences in the conposition o f the base and treatnent period cohorts 

with respect to factors affecting fe r t i l i t y .  To the extent that the 

treatnent period cohorts contain a greater proportion o f uonen in the 
low -fe rt ility  oatogorios ( i . e . ,  urban rather than, rural, high rather than 

low leve l of education, ocononically active rather than inactivo), then 
— provided that this difforonce in conposition is  a result of sanpling 
error and does not represent genuine, changes in the population conposition — 

the declining fe r t i l i t y  of these lov/-fertility categories w ill  have a 

greater inpaot on the changes in fe r t i l i t y  o f the treatnent period cohorts 

(the than on the olianges in the base period cohorts (the ó"?) in part 
because o f a rea l decline in fe r t i l i t y ,  but in port also because sanpling 

error gives greater weight to these lor/-fertility  categories in the 

treatnent period cohorts. The decline that has in fact occurred is 

exaggerated by the failure to control for differoncos in conposition. 

Conversely, i f  the treatnent period cohorts contain a snallor proportion 

o f wonon in the lo ir - fo rtility  categories, the decline w ill be understated 

because o f the failure to control for differences in conposition.

28, Since this kind o f bias occurs only when the difforences in base and 
treatnent period cohorts are due to saripling TOriation, the inportonce of 
being able to distinguish between difforences arising.'fron changes in the 
conposition of the population an'i those due to sanpling error w ill  be 

readily appreciate;'.. I t  should bo possible to nako this distinction (a t 

least %7hon the differences in conposition are very pronouncod) by an analysis 
o f the pattern of changing conposition onmgtho ton successive partia lly  
d ifferent cohorts iia the base- and treatnent periods. The pattern of change 
w ill  tend to be nore orderly when i t  re flects  a cliango in the population at 

largo, and w ill have a randon character when caused by sanpling variation.
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29. Purthemore, i t  is  vrorth noting that a "bias o f this kind occurs only 

when a decline in fe r t i l i t y  does in fact occur whoso tj'po is  that o f mode {fo..
I f  there is no decline in fertility, the presence of noro low-fertility 
v/onen in the treatnent period o'horts has no effect on the conpariaon of 
Dc.wo and treatnent period cohorts since the conparison is "being nade in 
terns of changes and not of levels. As was observed above in paragraph 11, 
differencos in level of fertility disappear when changes in fertility ore 
oonpared. In other words, although the nethod can exaggerate a decline that 
has taken place, it cannot nanufacturo a decljjie out of whole cloth and 
nislondingly give the iapression of a decline when in fact there has been none,

30, Anong the nany aspects that could benefit fron discussion end further 
investigation tho following have boon solootod sond̂ hat at randon;

a. \7hat sanplo sine is recuirod in a quinquennial group in order to detemine 
whether a specified difference in the average changes of the base and treatnent 
period cohorts is significant?

b. In addition to oonporing tho average changes in tho base and treatnent 
period cohorts, it would bo useful to study tho sequence of changes in tine 
for the successive base period and treatnent period cohorts in order
i) to learn whether obeewrel -trends are gathering nonentun and ii ) to detect 
signs -of randon variation which indicate insufficient aanple ai-ze. How can 
this best bo done?

c. It has been proposed sonewhat arbitrarily to study changes in fe^rtilitj'’ 
with five base and five t-'eo.taont period cohorts, all of these during two 
successive one-yeo:o tutcrvalej i ,e., at ago 25 to 29 and then at ago 26 to 3 0 . 
One oould have selected either shorter intervals v/ith noro cohorts (e.g,, 
six-nonth intervals with ton baso and ton treatnent period cohorts, each at 
ago 25 to 29 and then at age 2 5 .5  to 2 9 .5 ) or longer intervals with fewer 
cohorts (e.g,, the extrene case would be 2 -̂year intervals with one base and 
one treatnent period cohort, each at age 25 to 29 and then at ago 2 7 ,5  to 
3 1 ,5 ). Which of the alternatives would bo nore efficient and require the 
smllor sanple size is not innodiatoly obvious. Even i f  tho present ono- 
yeor intervals of observation should bo nalntainod, it night bo advisable, 
for tho saloe of conparability with other data, to take tho quinquennial
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groups one-half year younger in or ler to mko then nore representative of the 
conventional age groupings. For exanplo, the age group 2 4 .5 to 20,5 could be 
obsoî red as it passed to age 2 5 .5 to 2 9»5* Its avera/'i> age d-’jring the tv/o 
years of observation uould be exactly/- 25 to 2 9.

The distinction introdvicod hero betiTeen characteristics relate! to 
differential levels of fertility and those related to differentio.1 predispos­
ition to chan/re fertility, arc they nev/ concepts, or are they old concepts 
which I, having failed to recognize, have dressed up in nev; torninolofiy?
o. The analysis of differences in terns of nunbers of persons requires an 
vinusually large total sanple because the nuaber of oases ronaining in residual 
catogoric-s tdll otherwise be too snail, hliat ore the sanple requirenents in 
the present iastonce \7here the differences mder analysis are changes in 
rates?



SUIfflARY

Retrospective sample data permit the measurement of fertility to he 
made Yiith exactly the same women in t’./o successive time periods. Wore it 
not for tha fact that age (and certain other characteristics) chango with 
time, the uso of the samo women v/ould, v/ithout any in croase in sample siso, 
provide a control equivalent to simultaneous standardization by all 
charactoristics in which sampling variation could affect the measurement of 
change. The presont paper propoces a proceduro for achieving this 
objective while at the same time circumventing the difficulty presented by 
change in age and other characteristics.

The landorlying principle is a) first to reduce the change in 
characteristics to a minimum by observing the change in each quinquennial 
group in two successive intervals of only one year instead of five years,
i.e., the change in the ago group 25 to 29 is observed as it passes on to 
age 26 to 50 instead of to age 50 to 54? end b) thou to compare the changes 
in fertility occurring to the succossivo partially different cohorts 
observed in the retrospective data. The comparison in terns of changes of 
fertility instead of levels of fertility not only eliminates the effect of 
tho ono year of aging, hut also at the sane tine achieves the simultaneous 
standardization by all other rdevaat characteristics in so far as sampling 
variations in those characteristics lead to difforontial levels of fertility.

The simultaneous standardization, hovrevor, is not achieved in so far 
as those chaiactoristies aro related to differential -predisrosition to 
change fertility. Strong protection against this typo of distortion can 
perhaps bo derived from tho proper uso of the 20 percent rotation of 
succossivo cohorts.

As o p p o s e d  t o  the s t a n d a r d  p r o c e d v t r e  f o r  t e s t i n g  t h o  o f f o c t i v o n e s s  o f  
S ' !  a c t i o n  p r o g r i i T i  b y  c o m p a r i n g  t h e  l e v e l s  o f  f e r t i l i t y  i n  t h e  b a s e  a n d  
t r e a t m e n t  p e r i o d s  i n  o r d e r  t o  n o t e  t h e  c h a n g e  o c c u r r i n g ,  t h e  p r o p o s e d  
p r o c u d i u : e  h a s  t h o  a d v a n t a g e  o f  b e i n g  a b l e  t o  c o m p a r e  t h e  c h a n g e  o c c u r r i n g  
i n  t h e  t r e a t a o n t  p e r i o d  V7i t h  w h a t e v e r  c h a n g o  V í a s  o c c u r r i n g  b e f o r e  i n  t h o  
base p e r i o d .




